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[bookmark: _Toc59451827]Introduction 
This report contains the design of a simple microcontroller-based weather and air quality monitor/logging system which takes measurements and logs the data over a 14-day period. The data acquisition system is to be used by amateur weather forecasters to aid in their predictions, therefore must be portable.
The following data will be acquired during the 14- day cycle;
· Temperature
· Humidity
· Wind speed
· Wind direction 
· Air borne particle count
· Sunlight brightness
· UV levels
· GPS position 
· VOC level
The system also stores the collected data to a non-volatile memory which can be externally read and cleared when connected to a computer via USB. It also has its own battery so that it may continue monitoring even when the site is remote and unpowered.
[bookmark: _Toc59451828]Portable weather measurement systems
A weather measurement system uses sensors and equipment to measure atmospheric conditions to provide information for weather forecasts and to study the weather and climate. Portable weather systems are mainly used by outdoor enthusiasts, researchers etc. They offer versatility and mobility unlike other weather stations and are great for short term weather monitoring. 
Here are some of the portable weather systems that are currently on the market.
Magellan MX
[image: ]
This weather station comes with a 12 volt, sealed gel battery. Two 2.4 GHz wireless transceivers and is transported via a Rugged polyethylene carrying case with roller wheels. It has the capability of monitoring the following weather conditions; 
· Wind speed and direction
· Precipitation
· Temperature, Humidity, Pressure
· Solar Radiation
This weather station also has an internal compass and GPS.
Pegasus FLX
[image: ]
The Pegasus is powered by a 12V, sealed gel battery system and is capable of monitoring the following; 
· Barometric Pressure
· Temperature : Ambient, Soil/Water
· Wind Direction and a Speed
· Relative Humidity
· Rainfall
· Solar radiation
All the necessary equipment for transport and assembly also comes with it such as 10ft tripod, tie down kit etc and a heavy-duty polyethylene transportation case foam lines with external wheels.
BRESSER 5-IN-1 COMFORT WEATHER STATION
[image: ]

This weather station is powered by the mains with an optional battery backup of 3 x AA, 1.5V batteries, which are not included. It is a 5 in 1 outdoor sensor which transmits measured values for;
· Wind speed
· Wind direction
· Humidity
· Temperature
· Rainfall
With the information gathered it can calculate a very reliable local weather trend forecast for the next 12 hours. (Weathershop, 2020)






EGEN PORTABLE WEATHER STATION 
[image: ]
This station also known as mini-weather station, is a high integration, micro-power, compact, fast installation, scalable mini-weather station. It is very suitable for all types of temporary emergency weather short-term observation, long-term continuous small-scale weather monitoring and mobile portable weather data real-time access needs. It can collect the following weather conditions;
· Wind speed
· Wind direction
· Rainfall
· Air pressure
· Temperature
· Humidity
It is operated by a 12V battery and uses RS232, 485, USB, GPRS communication. (TECHNOLOGY, n.d.)
[image: ]Below is a table comparing the specifications of the four weather stations on the market listed above.
[bookmark: _Toc59451829]Sensor Selection
In order to acquire the data outlined in the introduction, numerous different sensors will be needed. Here are the selection of different sensors used with comparisons and justifications for its use.  ALL sensors chosen have been highlighted yellow and chosen based on their specifications and advantages/disadvantages displayed in the below tables.
[bookmark: _Toc59451830]Temperature and Humidity
Types of sensors
[image: ]
IC type sensor is the type that was used mainly for its simplicity in terms of connection, above is a more in depth look at the sensor types there were to choose from.






IC type sensors
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[bookmark: _Toc59451831]Wind Speed and Direction
Types of sensors
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Ultrasonic type sensors
[image: ]
[bookmark: _Toc59451832]Airborne Particle count
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Different types of sensors
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Types of Photodiode sensors
[image: ]

[bookmark: _Toc59451834]UV Levels
Different types of sensors
[image: ] (Instruments, 2020) (SUNROM, 2004) (hamamatsu, n.d.)
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[bookmark: _Toc59451835]GPS Position 
Different types of sensors
[image: ]
There wasn’t much to choose from with the comparisons so the decisions was mainly based on cost and the fact it has a UART communication.
[bookmark: _Toc59451836]VOC Level
Different types of sensors
[image: ]
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[bookmark: _Toc59451838]Connector specification 
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[bookmark: _Toc59451839]Summary of specs
	SIGNALS
	READING TIMES

	temp/humidity - 1 digital
	1/20sec

	wind - 2 analogue 
	1/2ms

	airborne particle count - 1 digital 
	1/sec

	sun brightness - 1 analogue
	1/4sec

	uv levels - 1 analogue
	1/2 mins

	voc - 1 analogue
	1/0.5sec

	gps - 1 digital
	once at the beginning



	NUMBER OF TIMES THE SENSOR READS IN 2 MINUTES
	BYTES OF INFO READ IN 1 RECORD

	UV
	1
	1 BYTES

	TEMP/HUMIDITY
	6*2
	12 BYTES

	SUN BRIGHNTNESS
	30
	30 BYTES

	AIRBORNE PARTICLE COUNT
	120
	120 BYTES

	VOC
	250
	240 BYTES

	WIND 
	60000*2
	120,000 BYTES


The above table represents the number of bytes stored for each sensor every 2  minutes ; this adds up to 120,403 BYTES / 2 MINUTES. This can then be used to work out how many bytes will be captured and stored during the 14 day cycle;
	14 DAYS = 20160 MINUTES 

	20160/2=10,080

	10,080*120,403 = 1,213,662,240 BYTES

	 

	1.2136 GIGABYTE (plus 8 bit for gps)


[bookmark: _Toc59451840]Sensor Timings
[image: ]
This is a table to show 1 record in detail. A record is the length of time it takes for the sensor that takes the longest time to read, which in this case is 2 minutes. The GPS will be read once at the start due to the fact the weather station will be stationed in one location. Wind speed and direction will be read every 2ms, VOC Levels every 0.5 seconds, APC every 1 second, Sun brightness every 4 seconds,  Temp and humidity every 20 seconds and UV Levels every 2 minutes and this will be when all the sensors apart from GPS will be read simultaneously. 

[bookmark: _Toc59451841]Microcontroller Selection 
	Specs of microcontroller

	3 digital

	5 analogue inputs

	3 usb

	3 SPI (SERIAL PERIFERAL INTERFACE)

	1 DIGITAL TELL

	1 start button digital

	Total number of pins

	16 pins +pwr +gnd



Above is a table showing the specs required of the microcontroller, there will be 5 digital input/output and 5 analogues which will include an rs232 connection. With the knowledge of the above table it’s important to select the necessary chip to do the job, with the help of microchip.com.
This website allows you to filter exactly what you are looking for in a microchip until you find the perfect one. Factors that were considered in choosing the PIC18F25K50 were;
· Had to have USB
· 1 SPI AND 1 UART 
· Memory is an assumption, went for 16kb or above
· pic has a quadrature arcitecture , 4 clock cycles to 1 instruction.
· run the speed minimum 16hz as it will give 4 million instructions per second
Here’s an example of the website and the filters which were looked at in order to choose the microchip.
[image: ]
[image: ]
[image: ]
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[bookmark: _Toc59451842]Proteus Design 
Full Proteus Schematic
[image: ]
[bookmark: _Toc59451843]Temperature and Humidity
[image: ]
Here is the schematic for temp and humidity, the SHT21 component was already on proteus so it only required a connection from the serial clk, serial data going back to the pic and a ground. This sensor will be turned to face out the bottom of the case which is up from the ground to avoid a false reading of 100% humidity. [image: ]
(screenshot from proteus)
[bookmark: _Toc59451844]Wind Speed and Direction 
[image: ][image: ]
A pot sensor was selected for simulation purposes only.  As a 12V battery is supplying the circuit it must pass through a potential divider in order to reduce the voltage to 5V as this is a requirement for the pic. This method was used over a active attenuation due to the fact that the signal is strong. Finally a clamp is introduced as a form of protection to keep the voltage below 5.1V.
[bookmark: _Toc59451845]Airborne Particle Count
[image: ]
A phototransistor was used in this case to simulate the digital type circuit. When the LED comes on, it hits the photo transistor and the phototransistor conducts, again the voltage is already within the 5V range so only a clamp is used as a form of protection.
[bookmark: _Toc59451846]Sunlight Brightness
[image: ]
In any application, the photodiode works in reverse bias mode. The anode terminal of the circuit can be connected to the ground whereas the cathode terminal is connected to the power source. Once illuminated through light, then current flows from the cathode terminal to the anode terminal.  Again a clamp is used in this circuit.
[bookmark: _Toc59451847]UV Levels
[image: ]
A pot was used as a simulation, the supply voltage is already within the 5V range so only a clamp was necessary.
[bookmark: _Toc59451848]GPS Position 
[image: ]
The GPS component was already on proteus and it has a UART interface which is the way  RS232 gets connected in to the chip, it’s a piece of hardware inside that allows the RS232 to operate. So it was a simple 2 pin connection to the pic (RX&TX).
[image: ](screenshot from proteus)
[bookmark: _Toc59451849]VOC Level
[image: ]
The voc sensor is schematically designed exactly the same as the airborne particle count circuit for simulation in that a phototransistor was used to simulate the digital type circuit. When the LED comes on, it hits the photo transistor and the phototransistor conducts. The only difference is that signal conditioning is required as the voltage needs to be reduced to 5V for the pic and a clamp is used for protection.
[bookmark: _Toc59451850]PIC18F25K50
[image: ]
Everything on the PIC marked up as RA, RB or RC is a digital input/output signal with the exception of REF which is an input only signal (check the datasheet). Analogue signals are AN. SDI, SDO and SCL are labelled opposite to each other as the data is going into one and out the other. The D+ and D- are the data signals for the USB, the other connection (pin 13) is to put the power lead onto it so it is detected that it has been plugged in. The PIC also has the output from the sensor signals. A tell signal and start button is also connected to the PIC.
[bookmark: _Toc59451851]Voltage Regulator
[image: ]
This system is used to automatically maintain a constant voltage as there is different voltages used across the sensors.
[bookmark: _Toc59451852]Easy PC Design 
[image: ]
Once the schematic was designed in proteus, it was then replicated in Easy PC as above. As you can see from the screenshots to follow, each schematic was copied to Easy PC in order to translate to PCB.
[bookmark: _Toc59451853]Temperature and Humidity
[image: ]
[bookmark: _Toc59451854]Wind Speed and Direction
[image: ]
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[bookmark: _Toc59451855]Airborne Particle Count
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[image: ]
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[image: ]
[bookmark: _Toc59451859]MICRO SD CARD
[image: ]
[bookmark: _Toc59451860]USB
[image: ]
[bookmark: _Toc59451861]PIC18F25K50
[image: ]

[bookmark: _Toc59451862]PCB
Once the Schematic was complete, it then got translated to PCB below are screenshots to show the PCB view.
[image: ]
Here is a fully connected board with poured copper.
[image: ]
[image: ]
This is a 3D view of the back with a copper pour around the outside and a 12V copper pour on the inside which do not touch so it doesn’t cause a short.
[image: ]
This is a screenshot of the integrity check to show that the schematic and PCB designs are the same and that there is no discrepancy.

[bookmark: _Toc59451863]Structure Diagram
[image: ]
This is a block diagram outlining the design of the PCB. As explained throughout the design of the circuits in Proteus, each signal will go through signal conditioning and a voltage clamp to make sure the voltage isn’t too high for the microcontroller as a 12V battery is being used but the microcontroller needs a 5V supply. The USB and SD card comes out and goes into the micro controller. There’s also a start button to start the PIC and a RS232 which is used with the GPS.








[bookmark: _Toc59451864]Prototype Build cost
	COMPONENT
	QUANTITY
	COST

	PCB - 4 LAYER,100MMX60MM 
	1
	£7

	Heat and Temp sensor - Sensirion SHT21
	1
	£5.83

	Wind Speed and Direction sensor - WindSonic Solid State Wind Speed and Direction Sensor
	1
	£684

	Airborne Particle count sensor - Omron B5WLD01011, Air Quality Sensor
	1
	£13.85

	Sun Brightness sensor - Vishay, BPW21R Visible Light Si Photodiode, 50 °, Through Hole TO-5
	1
	£9.59

	UV Level sensor - Ultravoilet(UV) Light Radiation Sensor
	1
	£1,033

	VOC sensor - IAQ_100 C Package 110-802
	1
	£1.50

	GPS - Quectel L86-M33 GPS Receiver
	1
	£18.85

	 MICROCHIP - PIC18F25K50
	1
	£1.76

	CASING - MAX CASE MAX430
	1
	£44.96

	USB -2GB
	1
	£2.18

	MICROSD CARD - 2GB
	1
	£10.67

	RS PRO Lead Acid Battery - 12V, 20Ah
	1
	£63.82

	CONNECTORS
	 
	 

	Souriau - CL1F1201
	2
	£23.24

	FISCHER CORE SERIES
	2
	£36.72

	Lemo F connector
	2
	£51.44

	SMA CONNECTOR
	1
	£1.46

	TOTAL COST
	£2,002.87




[bookmark: _Toc59451865]Suggested Improvements
The research carried out on the various weather stations already on the market is important as it gives an idea of what has already been done and is maybe missing from this design. Here are some suggested improvements to the specification;
· Display screen  - To view all the on data on screen as well as being externally read via a USB
· Wireless Connection – This would allow the user to view the data on screen without having to extract the data and plug it into the computer.
· Alert/alarm warning – Good addition to alert the user with any needed information, example if the temperature drops below -3 degrees. This will make it more user-friendly but also help detect potential faults with the equipment immediately instead of getting the data on the 14th day only to find that the wind caused one of the sensors to fall over and in doing so acquired false data for the remainder.
· More sensor options – More weather conditions analysed.
· Simplified data readings and messages for user – For example the BRESSER 5-IN-1 COMFORT WEATHER STATION has descriptions next to the wind speed readings such as “Calm, Fresh breeze, Storm etc” this will make the information easy to understand.
· Mobile App – Like the Pegasus, it has the ability to check current conditions quickly from a hand-held mobile device for decision-making in the field. The CWS Weather Monitor App is compatible with all CWS weather stations that include the Weather MicroServer.
· Wireless Transceiver - Standard with the Pegasus FLX Portable Weather Station, 2.4 GHz wireless transceivers offer one-mile line-of-site range. 
· Optional heating system on sensors – This would allow the sensors to be able to operate in much harsher environment such as -40 degrees if needed.
· Bluetooth connectivity - To provide another option for simplified data sharing between devices.
ALL DATA SHEETS, SCHEMATIC DESIGNS SENT ELECTRONICALLY TO COINSIDE WITH REPORT.
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DESCRIPTION Magellan MX Pegasus FLX BRESSER 5-IN-1 COMFORT WEATHER STATIONEGEN PORTABLE WEATHER STATION

POWER SUPPLY 12V 12VDC 4.5V 12V

OPERATION TEMP -40 to +70°C -40 to 70 C -40°C – 80°C -20

℃

～

60

℃

RELATIVE HUMIDITY 0 - 100% 0 - 100% 20% to 90% RH 0 - 100%RH

WIND SPEED RANGE 0 to 134 mph (0 to 60 m/s) 0 to 160 mph 1 mph 0 to 70 m/s

WIND SPEED RESOLUTION 0.02 mph (0.01 m/s) 1 mph N/A 0.1

WIND DIRECTION RANGE 0-359° 0-360° 0-359° 0-360°

WIND DIRECTION RESOLUTION  1° 2 degrees N/A 1

TEMP RANGE  -40 to +70°C -10° to 85°C -40°C to 80°C -50 to 100°C

TEMP RESOLUTION (0.1°C) 0.01°C N/A (0.1°C)

BEROMETRIC RANGE 300 - 1100 hPa 500 to 1100 hPa 540 to 1100hPa 10 to 1100

RAINFALL RANGE N/A N/A 0 to 393.7 inch 0 to 4

RAINFALL RESOLUTION 0.2mm/tip 0.01 inch N/A 0.2mm/tip

DEW POINT RANGE -40 to +70°C N/A N/A N/A

SOLAR RADIATION 300 to 3000 nm  0 to 2000 W mˉ² N/A N/A

WEIGHT 7.7kg 7.7kg 530 g 10 kgs (Contains aluminum alloy box)

COST request sent request sent £109.99

ADVANTAGES

* Suitable operating temp     

*Good humidity range   

*Good wind direction range    

*Specified dew point range

* Suitable operating temp     

*Good humidity range              

*Good wind direction range              

*Good range of sensor options    

* Smaller supply voltage                                

*Suitable operating temp                                 

*Good wind direction range                                 

*Very lightweight                                                          

*Low cost

* Suitable operating temp                     

*Good humidity range                           

*Good wind direction range              

DISADVANTAGES

* No specified rainfall range    

*Heavier in weight

*No specified dew point range     

*No specified rainfall range    

*heavier in weight * Less sensor options

*Heavier in weight                                     

*No specified dew point range           

*No specified solar radiation 
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SENSOR TYPE Analogue (duel sensor) IC (duel sensor) Individual temp sensor  Individual humidity sensor

IMAGE

DESCRIPTION

E Connectivity HPP809A031, 

Temperature & Humidity 

Sensor

Sensirion SHT21

LM35 Precision 

Centigrade Temperature 

Sensors

Honeywell HIH-4000-002, 

Humidity Sensor

WEBLINK

https://uk.rs-

online.com/web/p/temper

ature-sensors-humidity-

sensors/8937373/?cm_mmc

https://uk.rs-

online.com/web/p/temper

ature-sensors-humidity-

sensors/7865554/?cm_mmc

https://uk.farnell.com/te

xas-instruments/lm35dz-

nopb/temp-sensor-0-4-

c/dp/3124182?gclid=EAIaI

https://uk.rs-

online.com/web/p/temper

ature-sensors-humidity-

sensors/8744553/

SUPPLY VOLTAGE3 to 10 v dc  2.1 to 3.6 vdd 4V to 30V 4 TO 5.8 VDC

OUTPUT TYPE voltage Digital Voltage Analogue

INTERFACE TYPE analogue Serial-I2C Analogue Analogue

TEMP RANGE -40 → +85 °C -40 → +125 °C -55°C to 150°C N/A

HUMIDITY RANGE0 to 100 % RH 0 to 100 % RH N/A 0 to 100 % RH

REPEATABILITY n/a ±0.1 N/A ±0.5

ACCURACY  ±5%RH ±2%RH

±0.2°C

±3.5%RH

DIMENSIONS 11.6 x 76.3mm 3 x 3 x 1.1mm 5.2 x 4.19 x 5.2mm 4.17 x 2.03 x 8.59mm

RESOLUTION 8 bit 8 → 14 bit N/A N/A

COST £65.40 £5.83 £5.13 £16.44

POSITIVES 

* Measure both temp and 

humidity                                          

*Good range                    

*analogue interface

* Cheap                                            

*Measures both temp and 

humidity                                   

*Easy connections due to 

I2C interface                                          

*Small in size

* Analogue interface                  

*Easy to set up                        

* cheap 

* Analogue output                       

* Easy to set up            

NEGATIVES * Expensive *Signal conditioning required* Only measures temp * only measure humidity
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DESCRIPTION Sensirion SHT21 DHT11 Velleman kit AM2302

WEBLINK

https://uk.rs-

online.com/web/p/temp

erature-sensors-humidity-

sensors/7865554/?cm_m

mc=UK-PLA-DS3A-_-

https://www.mouser.co

m/datasheet/2/758/DHT

11-Technical-Data-Sheet-

Translated-Version-

1143054.pdf

https://cdn-

shop.adafruit.com/datasheets/Digit

al+humidity+and+temperature+sens

or+AM2302.pdf

SUPPLY VOLTAGE 2.1 to 3.6 vdd 5V 3.3-5.5V DC

OUTPUT TYPE Digital Digital Digital 

INTERFACE TYPE Serial-I2C Serial Digital 

TEMP RANGE -40 → +125 °C

 0°C to 50°C

-40 → +80 °C

HUMIDITY RANGE0 to 100 % RH

20% to 90% RH

0 to 100 % RH

REPEATABILITY ±0.1 ±1%RH +-1%RH

ACCURACY  ±2%RH ±5

％

RH +-2%RH

DIMENSIONS 3 x 3 x 1.1mm

39x23x10mm 53x26x13.6mm

RESOLUTION 8 → 14 bit

8 bit 8 bit

COST £5.83 £3.02 £7.75

POSITIVES 

* Good Temp range              

*Good humidity range           

*Very small                         

*Cheap                                   

*Good repeatability                  

*Good accuracy

*Cheap                                                 

* Good temp range                                    

Good humidity range                

NEGATIVES * Signal conditioning 

* Not a suitable temp 

range                       

*Humidity Range worse 

in comparison               

*Larger than SHT21 in 

size

*Slightly more expensive                       

*larger in size
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TYPE ULTRASONIC CUP ANEMOMETER 4 BLADE PROPELLER 

IMAGE
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s.co.uk/weather-stations-and-

instruments/wind-speed-and-

https://www.campbellsci.e

u/03002-wind-sentry

https://www.campbellsci

.com/05103-l

DESCRIPTION

WindSonic Solid State Wind 

Speed and Direction Sensor

Wind Speed and Wind 

Direction Sensors / 03002

The 05103 Wind Monitor

SUPPLY VOLTAGE  5-30 VDC 15 VDC max

Power switched 

excitation voltage 

supplied by data logger

OUTPUT  RS232 analogue voltage

Wind speed ac voltage, 

Wind direction analog dc 

voltage from pot

WIND SPEED RANGE 0-60m/s (0-116 knots) 0 to 50 m/s (0 to 112 mph) 0 to 100 m/s (0 to 224 mph)

WIND DIRECTION  0-359° (no dead band) 352° 355°

STARTING THRESHOLD 0.01m/s 0.8 m/s  1.0 m/s

ACCURACY 

Wind Speed ±2%, Direction 

±2% @ 12m/s

Wind Speed ±0.5m/s, 

Direction ±5°

Wind speed ±0.3 m/s 

(±0.6 mph) or 1% of 

reading, Wind direction 

±3°

RESOLUTION

Wind Speed 0.01m/s, Direction 

1°

n/a

(0.0980 m s-1) / (scan rate 

in seconds)

ULTRASONIC OUTPUT RATE  0.25, 0.5, 1, 2 or 4Hz n/a n/a

DIMENSION  142 x 160mm 320mm x 400mm 370mm x 550 mm

COST £684 £629 £1,550

HOW IT WORKS

Ultrasonic anemometers send 

sonic pulses across a path to a 

sensor on the opposite side. 

As the wind moves more 

quickly, the pulses are 

disrupted. A measurement of 

this disruption provides 

accurate wind data.

the cups are placed onto a 

vertical axis, and when the 

wind presses against them, 

this causes the cups to 

rotate around. The faster 

the cups rotate, the faster 

the wind speed. Cup 

anemometers usually have 

digital readouts.

The wind makes the 

propeller spin, this causes 

the propeller to rotate 

around. The faster the 

propeller rotates, the 

faster the wind speed. 

POSITIVES

* No moving parts so no 

mechanical ware and tare to 

worry about                             

*Very accurate                                 

*Smaller in size

*Analogue                            

*Very Reliable                                

*Cheap in comparison    

* Good Accuracy                    

*Good resolution                   

*Good wind speed range

NEGATIVES n/a

*Ranges not as good                              

*Resolution not specified

* Large in size                       

*Expensive
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WEBLINK

http://www.gillinstruments.com/data/datasheets

/1390-0036%20Iss%209%20WindObserver65.pdf

https://www.omniinstruments.co.uk/

weather-stations-and-

instruments/wind-speed-and-

http://www.gillinstruments.com/data/datas

heets/WindMaster%20iss6.pdf

DESCRIPTION WindObserver 65

WindSonic Solid State Wind Speed and 

Direction Sensor

3-Axis Ultrasonic Anemometer

SUPPLY VOLTAGE  9-30VDC 5-30 VDC 9-30VDC

OUTPUT  DIGITAL  RS422/RS485 full duplex/half duplex RS232 Wind speed digital, wind direction analogue

WIND SPEED RANGE 0 - 65 m/s (0-145mph) 0-60m/s (0-116 knots) 0 - 50 m/s

WIND DIRECTION  0 - 359° 0-359° (no dead band) 0 - 359°

STARTING THRESHOLD 0.01 m/s 0.01m/s n/a

ACCURACY  ±2% @12 m/s

Wind Speed ±2%, Direction ±2% @ 

12m/s

wind speed <1.5% RMS @12 m/s, wind 

direction 2° @12 m/s

RESOLUTION Wind speed 0.01 m/s, Wind direction 1º Wind Speed 0.01m/s, Direction 1°

Wind speed 0.01 m/s, Wind direction 0.1°



ULTRASONIC OUTPUT RATE  1Hz, 2Hz, 4Hz, 5Hz, 8Hz or 10Hz 0.25, 0.5, 1, 2 or 4Hz 20Hz

DIMENSION  381mm x 213mm  142 x 160mm 750mm x 240mm

COST £1,183 £684 1,200

POSITIVES *Good wind speed range

* Smaller in size                                   

*Cheaper                                                        

*RS232 ouput                                             

*Good output rate

*Good wind direction range

NEGATIVES * Expensive *Expensive 
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IMAGE

WEBLINK

https://uk.rs-online.com/web/p/air-

quality-

sensors/1953770/?cm_mmc=UK-PLA-

DS3A-_-google-_-

CSS_UK_EN_Semiconductors_Whoop-

https://uk.rs-

online.com/web/p/air-quality-

sensors/1837506/?cm_mmc=UK-

PLA-DS3A-_-google-_-

CSS_UK_EN_Semiconductors_Wh

https://www.seeedstudio.com/

Grove-Dust-Sensor-

PPD42NS.html

DESCRIPTION

ERA Sensor Next-PM, Particle Matter / 

Dust Air Quality Sensor

Omron B5WLD01011, Air Quality 

Sensor

Grove - Dust Sensor

（

PPD42NS

）

PARTICLE SIZE DETECTION RANGE 0,3 - 10 µm >1μm >1μm

SUPPLY VOLTAGE 5 5 4.75 to 5.75V

OPERATING TEMP CONDITION  -20 à +70 °C -25 to 65 0~45 °C

DIMENSIONS L 62 mm x l 52 mm x H 23 mm 52.3 x 39.3 x 17.6mm 59(W) × 45(H) × 22(D) mm

OUTPUT  UART  Voltage PWM 

COST £68.18 £13.45 £11.50

HOW IT WORKS

The sensor uses optical technology 

and an active airflow to sample the 

particles

A positive pulse of 0 V is output 

when particles are not detected 

and 5 V when particles are 

detected

The Particulate Matter level 

(PM level) in the air is 

measured by counting the Low 

Pulse Occupancy time (LPO 

time) in a given time unit.

POSITIVES

* Suitable operating range                                    

* Very accurate                                            

*Robust

* Suitable operating temp range         

*Easy to wire                                     

*Cheap                                      

*Robust                                              

*Smaller

* PWM output                                             

*Cheap

NEGATIVES * Expensive       N/A

* Not suitable operating temp 

range
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TYPE  PHOTORESISTOR PHOTODIODE PHOTOTRANSISTOR

IMAGE

DESCRIPTION  Luna Optoelectronics, 100 V Through Hole LDR (Light Dependent Resistor) 

Vishay, BPW21R Visible Light Si 

Photodiode, 50 °, Through Hole TO-5

TEPT4400 ambient light senso

WEBLINK

https://uk.rs-online.com/web/p/ldr-light-

dependent-

resistors/9146710/?cm_mmc=UK-PLA-

https://uk.rs-

online.com/web/p/photodiodes/7082813

/?cm_mmc=UK-PLA-DS3A-_-google-_-

https://cpc.farnell.com/vishay/te

pt4400/phototransistor-sensor-

ambient/dp/SC12389?mckv=s9OU

OUTPUT analogue analogue analogue

WAVELENGTH DETECTED n/a 420nm - 675nm 440nm to 800nm

LIGHT RESISTANCE RANGE 20 kΩ → 100 KΩ  n/a n/a

MOUNTING TYPE Through Hole Through Hole Through Hole

OPERATING TEMP RANGE - 60 to + 75 °C - 40 to + 125 °C  -40°C to 85°C

NUMBER OF PINS  2 3 2

MATERIAL CdS Si

ANGLE OF HALF SENSITIVITY  n/a ± 50 deg ± 30 deg

COST  £0.67 £9.59 £0.33

DIMENSIONS  4.1mm x 4.1 x 3.1 9.1mm x 9.1mm x 3.1mm 3.2 x 3.2 x 4.5mm

HOW IT WORKS

The resistance decreases when the 

intensity of light increases

Converts the light energy into eletrical 

current.

detects light pulses and convert 

them into digital electrical 

signals.

POSITIVES 

* Cheap                                                        

*require small power and voltage

* Generates both current and voltage        

*Spectral response is good                     

*Fastest photo detector

* Cheap                                           

*good efficiency

NEGATIVES

* less sensitive to light than other two           

*slow response times

* Expensive * electric spikes more common 
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IMAGE

DESCRIPTION 

Vishay, BPW21R Visible 

Light Si Photodiode, 50 °, 

Through Hole TO-5

TEMD6010FX01 TEMD5510FX01

WEBLINK

https://uk.rs-

online.com/web/p/photo

diodes/7082813/?cm_mm

c=UK-PLA-DS3A-_-google-

https://www.mouser.co.uk/Pr

oductDetail/Vishay/TEMD6010F

X01/?qs=%2Fjqivxn91ccKcRrbFP

xRzg==&gclid=CjwKCAiAq8f-

https://uk.rs-

online.com/web/p/photodiodes/71

03838/?aud-391767894379%3Akwd-

315533097255&cm_mmc=UK-PPC-

OUTPUT analogue analogue analogue

REVERSE LIGHT CURRENT 9μA 0.04μA 1μA

REVERSE VOLTAGE 10 V 16 V 16 V

WAVELENGTH DETECTED 420nm - 675nm  430nm to 610nm  430nm to 610nm

MOUNTING TYPE Through Hole surface mount surface mount

OPERATING TEMP RANGE - 40 to + 125 °C - 40 to + 100°C -40 to +100°C

NUMBER OF PINS  3 2 2

MATERIAL Si Si Si

ANGLE OF HALF SENSITIVITY  ± 50 deg ± 60 deg ± 65 deg

COST  £9.59 £1.85 £1.91

DIMENSIONS  9.1mm x 9.1mm x 3.1mm 4mm x 2mm x 1.05mm 5mm x 4.24mm x 1.12mm

POSITIVES 

* Designed for hostile 

environments 

* Cheap *Cheap

NEGATIVES * Expensive * higher reverse voltage * higher reverse voltage
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TYPE UV SPECTRUM  UV LIGHT SENSORS UV PHOTOTUBES

IMAGE

DESCRIPTION  SU-202-SS Ultravoilet(UV) Light Radiation Sensor R414

WEBLINK

https://www.apogeeinstruments

.com/ultraviolet-

support/#specifications

https://www.sunrom.com/p/ultravoilet-

uv-light-radiation-sensor

https://www.hamamats

u.com/eu/en/product/t

ype/R414/index.html

WAVELENGTH RANGE 300 to 400 nm 200-370nm 300 to 400 nm

OUTPUT ANALOGUE ANALOGUE ANALOGUE

ACCURACY Less than 1 % +/- 1 UV Index Less than 1 %

POWER SUPPLY 5 to 24 V DC 3.3V to 5V 15 V

WEIGHT  140 g N/A N/A

DIMENSIONS  30.5 mm diameter, 37 mm height 20x15mm Dia.10 mm

OPERATING TEMP -35 to 85 C -20 degC to +85 degC -80 to +50 

℃

COST enguiry sent £1,033 £68.34

DIFFERENCE

UV spectrum sensors are 

charge-coupled devices (CCD) 

that are used in scientific 

photography.

Light sensors are general-purpose 

devices for measuring the intensity of 

incident light

A phototube or 

photoelectric cell is a 

type of gas-filled or 

vacuum tube that is 

sensitive to light.

POSITIVES *Robust                                  

*Robust                                                           

*Output Suitable to match World Health 

Organization classification standard UV 

Index                                                            

*Suitable for measuring the total 

amount of ultraviolet sunlight intensity 

or other light radation source.

*They can have a lower 

dark current, leading to 

a lower noise 

equivalent power

NEGATIVES *Expensive * Expensive

*Not very robust          

*Used for very weak 

signals


image14.png
World Health Organization classification

Standard UV Index vs Sensor Output Voltage

UVIuvuv
woex || iwoex || iWoex
UV Index 0 3
Vout(mV) | <50 | 227 | 318 | 408 | 503 | 606
UV Index
Vout(mV) | 696 | 795 | 881 | 976 | 1079 |1170+
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DESCRIPTION  Quectel L80-M39 GPS Receiver ADAFRUIT INDUSTRIES 1059 GPS Module Quectel L86-M33 GPS Receiver FrSky GPS V2 Sensor with S.Port

WEBLINK

https://uk.rs-

online.com/web/p/gps-chips-

gps-modules/1709177/

https://uk.rs-online.com/web/p/gps-chips-

gps-modules/9054637/

https://uk.rs-online.com/web/p/gps-

chips-gps-modules/9084114/

https://www.t9hobbysport.com/frsky-

gps-v2-sensor-with-s.port

POWER SUPPLY 3-4.3V 3V 3-4.3V 4-10V

INTERFACE UART N/A UART S.PORT

NUMBER OF CHANNELS 22 66 33 N/A

AQUASITION SENSITIVITY  -148dBm -145dBm -148dBm N/A

TRACKING SENSITIVITY -165dBm -165dBm -165dBm  '-160dBm

DIMENSIONS 16 x 16 x 6.45 mm 30mm X 5.8mm 6.0 x 16.0 x 6.45 mm  40mm*20mm*9mm

COST £17.65 £32.07 £15.85 £31.20

WEIGHT 6g N/A 7.6g 11.3g

POSITIVES

*Lightweight                                 *Cheap 

in comparison                        *UART 

iterface

NEGATIVES *Weight not specified *Weight not specified N/A *Heavier in comparison
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DESCRIPTION IAQ_100 C Package 110-802 Figaro TGS2602-B00 SP3S-AQ2-01

WEBLINK

https://www.spec-

sensors.com/wp-

content/uploads/2016/02/IA

Q_100-C-Package-110-

802.pdf

https://uk.rs-

online.com/web/p/air-quality-

sensors/1346671/?cm_mmc=UK-

PLA-DS3A-_-google-_-

PLA_UK_EN_Semiconductors_W

http://www.fisinc.co.jp

/en/common/pdf/SP3S

AQ201E_P.pdf

SUPPLY VOLTAGE 12v 5 5

OPERATING TEMP -10 to 40 C N/A -20 to 60deg c

DETECTION RANGE 0 to 100 ppm 1  to 30ppm 0-10ppm

REPEATABILITY ±2 ppm N/A N/A

RESPONSE TIME 20 s 30s N/A

DIMENSION  20mm x 20mm x 1.84mm 9.2 (Dia.) x 7.8mm N/A

COST  £1-50 £23.21 £1-50

POSITIVES

* Good operating temp         

*very good detection range             

* Good Repeatability                

*  Cheap                              

*Good response time 

*Small in Size

*Cheap                              

*good operating temp             

NEGATIVES

* Signal conditioning 

required as pic only allows 

5V

* More expensive            

*operating temp not specified          

*repeatability not specified

* Not an abundance of 

info
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Description  Peli 1510 Carry-On Case

Challenger TR5015 

Waterproof Hard Case

Black Water Resistant Case with 

Wheels and Foam Insert

MAX CASE MAX430

Weblink

https://www.casesuk.c

om/peli-protector-

cases/1510-001-

110E.html?gclid=Cj0KCQ

iAqo3-

https://www.trifibre.co.

uk/product/challenger-

tr5015-waterproof-hard-

case/?utm_source=googl

e&utm_medium=ppc&ut

https://cpc.farnell.com/duratool/

d03137/water-resistant-case-

wheel-

560x355x230mm/dp/SG33497?mc

kv=sDuWcbuF0_dc|pcrid|2246996

https://www.thecaseshop.co.u

k/max-case-

max430_857?gclid=EAIaIQobCh

MIkZ-

2qqLd7QIVDrbtCh0kHgfOEAQYA

Dimensions 502 x 279 x 193 mm 559mm x 351mm x 229mm

355mm x 560mm x 230mm

L: 426 x W: 290 x D: 159mm

Weight 5.44 kg 6.5kg 7.735kg 2.7KG

IP Rating IP67 IP67 IP67 IP67

Cost £195.06 £65.50 £58.45 £44.96

Range temp -40/99°C n/a

n/a

 -30 / 90°C 

POSITIVES

Robust Good size low 

weight

Robust cheap Robust cheap

*Robust                                         

*cheaper                                        

*Plastic material                                

* Low Weight                          

*Better range temp

NEGATIVES Expensive

heavier than peliheavier 

than peli

heavier than peliheavier than 

peli

N/A
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DESCRIPTION Souriau - CL1F1201 FISCHER CORE SERIES Lemo F connector SMA CONNECTOR

IP RATING IP67 IP68 IP67 n/a

CONTACT PLATING Gold Gold over nickel Gold Gold

SHELL MATERIAL Plastic plastic plastic Gold

CURRENT RATING 5A 4.5A 32A n/a

VOLTAGE RATING 115V 115V 500V n/a

CHOSEN FOR Wind speed and direction Airborne and VOC Sun brightness and UV levels gps

NUMBER OF CONN USED FOR DESIGN 2 2 2 1

REASON

* It has an IP rating of 67           

*Gold plating so it wont rust       

*plastic material               

*perfect for environment 

it's to be used in

* It has an IP rating of 68                         

*Gold plating so it wont rust                   

*plastic material                                        

*perfect for environment it's to be used 

in

* It has an IP rating of 68                         

*Gold plating so it wont rust                   

*plastic material                                        

*perfect for environment it's to be 

used in

* used for antennas                      

*PCB Mount to suit the 

sensor selected                

*Gold material

COST FOR 1 £11.62 £18.36 £25.72 £1.46
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TIME (ms) TEMPERATUREHUMIDITYWIND SPEEDWIND DIRECTION APC SUN BRIGHTNESS UV Levels GPS POSITION VOC LEVELS

0 X

0.5

1

1.5

2 X X

2.5

3

3.5

4 X X

Time (seconds)TEMPERATUREHUMIDITYWIND SPEEDWIND DIRECTION APC SUN BRIGHTNESS UV Levels GPS POSITION VOC LEVELS

0.5 X X X

1 X X X X

4 X X X X X

20 X X X X X X X

120 X X X X X X X X

This sequence continues until it reaches the seconds range in which other sensors will then be read as shown below.
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