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Abstract
The purpose of this project is to design a simple microcontroller based weather and air quality monitor/logger which takes measurements and logs data over a 14 day period.
This data acquisition was portable and adaptable to outdoor conditions and sites.
The system measured the following:
Temperature
Humidity
Wind Speed
Wind direction
Airborne Particle Count
Sunlight Brightness
UV Levels
GPS Position
VOC Level.
The system was battery powered for use in remote areas and stored data in a non volatile memory. It could be read externally on an external computer via USB and cleared from the system thereafter.
The project includes details of casing, and components such as microcontroller, memory, sensors, connectors, circuit diagram PCB design and software structure.




Introduction to Portable Weather Measurement Systems
Portable weather measurement systems or stations consist of a set of measuring instruments. Sensors measure parameters such as:
· Air temperature
· Humidity
· Dew point
· Sun brightness
· UV levels
· Wind Speed and Direction
· Barometric Pressure
· Precipitation
· Rainfall Guage
· Leaf Weness
· Soil Moisture
· Airborne Particles
· Volatile Organic Compounds 
Measurements are recorded and saved in a memory and then transferred to an external device for storage and analysis. Weather stations can be wireless and transfer by 4G, WiFi or USB cable, or memory SD card. Some weather stations include a data logger and software which is necessary if there are a large number of readings. Some weather stations can display a large amount of information on the display panel before transferring to a PC. They can be programmed to take readings at set intervals from 2.5 secs to 50 secs for example. 
Advise when choosing a weather station is to ascertain what measurement readings you need, how frequently, and what sort of communication method suits requirements, such as wifi with software, cellular 4g, (subscriptions may be necessary),  memory card and transfer (1). 
Below are some examples of portable weather stations currently available on the commercial market.

Literature Review

HOBO U30 USB SKU U30-NRC-SYS-C
This model has 15 channels.  This would allow for up to 10 plug and play sensors as some sensors need more than one channel.  Already included as part of the 10 are temperature, humidity, wind speed and direction. Available to add on if required are barometric pressure, leaf moisture, light intensity, rainfall, soil moisture, water flow, dew point. This kit also includes a solar radiation shield to protect the temperature and humidity sensor measurement from being affected. The weather station is powered by battery and can be integrated with the included 5W solar panel for power supply.  The memory is 512KB. A 2m or 3m tripod at extra cost  is available if required to mount the weather station on.
(See Appendix 1, Reference 2)

HOBO  RX2102-SYS-kit
This complete kit from same manufacturer is weatherproof and rugged and compact in size.It includes plug and play smart sensors measuring temperature, humidity, wind speed, wind direction, and rain guage. Included is the solar radiation panel to protect temperature and humidity sensors. It has 15 channels and 16MB memory. The logging rate is I min to 18 hrs. It is battery powered  (6 x AA rechargable) integrated with a 1.7W solar panel, or AC power adaptor. 
‘Hobolink’ cloud based software from the manufacturer  is available for use with Windows,  or automatic delivery of data by cellular  4g text or email.
 (See Appendix 2, and Reference 3)



Omega WMS 25 Portable
This portable weather station is lightweight and compact, but can withstand outdoor harsh conditions. Omega describe it as ‘rugged’, (1). It has 8 analogue inputs and 3 digital. There is an ADC of 12bits on 4 channels and 10bit on the remaining channels. It comes with 5 parameter measurement sensors  included; wind speed and direction, temperature, humidity and rain precipitation. This model has an LCD back lit display panel which can display 16 characters. There are buttons on the front panel by the display which can be used to set and programme the device. It has a real time clock and logging intervals can be set between 10 and 60,000 seconds. An SD Card of 2GB is used and a card reader is included in the package to transfer by USB port  to an external PC. The memory has a battery back up. A 2m tripod stand is available if required.
(See Appendix 3 and Reference 4)

£1930 plus 385 solar rad, 396 solar panel 10W £2711.


Spectrum Watchdog 2550
Portable weather station with real time clock includes sensors for wind speed, wind direction, temperature humidity and dew point. There are 6 inputs for sensor additional to these if required,  such as barometric pressure, CO2, UV LCD display sows current and history of 30 days..  Wireless or cellular or ‘data shuttle’ can be chosen all at extra cost/subscription.  Measures intervals 1  min to 60 mins. Memory will store 8800 reading which works out 183 days at each 30 mins. Memory non volatile. 4 x AA lithium batteries which give one month supply. Additional solar power panel available. Tripod or mount to pole  and leaf wetness. -30  to 55C 
26 21.5 8.5 2.9kg  requires software extra  £1194 110 tripod  220 solar panel 108 cable
(See Appendix 4 References 5 and 6)
Comparison of Commercially Available Portable Weather Stations
	Model
	[image: ]

Hobo USB U30
NRC-SYS-C (2)
	[image: ]

HOBO RX2102 SYS-KIT (3)
	[image: ]

Omega WMS25 (4)
	[image: ]
Spectrum WD2550 (5, 6)

	Included Parameters
	Temp, Hum, 
Wind Sp Wind D

	Temp, Hum, Wind sp, 
Wind D, 
	Temp, Hum, Wind spd, Wind D, Barometer pr.
	Temp, hum, Dew Pt, Wind Sp, Wind D

	Extra Added
	Bar Pr, Leaf wetness, 
Soil Mois Dew Pt., 
Rain gauge
	Bar pr, Leaf Wetness, Soil Mois, SolarRad
	Solar Rad, Soil Temp
	6 added. Barom Pr. UV, CO2, Soil Mois Solar Rad

	Channels
	15
	15
	8 Anal 3 dig 
	5 plus 6 extra

	Powered by
	Batteries, + 
5W solar panel inc
	6 x AA batteries. 1.7W solar panel inc. 5W solar panel £97.36
AC Power adaptor £39.43
	Batteries. 10W Solar panel (£396 extra)
	4 AA batteries, + solar panel inc

	Memory
	512MB
	16MB (one million 
measurements)
	SD Card 2GB
	8,800 readings 
183 days of 30min readings

	Communications
	USB 
	4G, Windows GSM 
	USB and Card Reader
And RS232
	Cellular, Windows, Data Shuttle

	Logging Rate
	
	1min-18hrs
	10-60,000 secs 
	1min – 60min

	Tripod
	Yes, 2m or 3m (£246 extra)
	Yes 2m
	Yes 2m incl
	Yes, or pole mount. (£91.67 extra)

	Solar Shield
	Yes
	Yes
	Yes (£385 extra)
	Yes  (£183.33extra)

	Display window
	No
	No
	Yes LCD back lit, 16 char
	Yes LCD Shows current and 30 days history

	Operating Temp 
	-Not given
	-20-+40C
	-40 - +60C
	-30 – 55C

	Dimensions
	17.8 x 11.7 x 19.3cm 2kg
	19.95 x 13.68 x 7.49cm
678g
	
	26 x 21.5 x 8.5cm 2.9kg

	Price
	 £1802 
	£1988.24
	£1930
	£1302



Table 1: Comparison of Commercially Available Portable Weather Stations 


Comments on Commercial Examples of Portable Weather Stations
	Models
	[image: ]



HOBO U30-NRC-SYS-C (2)
	
[image: ]

HOBO RX2102 SYS-KIT (3)
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Omega WMS25 (4)
	[image: ]

Spectrum WD250 (5)

	Comments









	Expandable, 
Solar Panel and 
Solar Shield included. 
Rugged and weatherproof. 
Easy to set up plug and play sensors. 
Two source power.

Tripod extra
Hobolink software available.
No display
	Expandable, 
Solar Panel 
And 1.7W Solar Shield included. Rugged and  weatherproof, 
Three sources power. Delivery via cellular data via text/email
Tripod included.

5W solar panel extra.
Subscription for Cellular
Hobolink software available
No display
Solar panel and AC adaptor extra
	Expandable, 
Rugged, weatherproof, 
Can  set alarms, 
auto delivery of data.
Display panel
Tripod included


Solar panel extra, 
	Expandable
Rugged and weatherproof
Display panel
Programme by front panel
Real time clock

Solar shield extra
Tripod extra
Data shuttle subscription, cellular subscription



Table 2: Comments on Commercial Examples of Portable Weather Stations  (Ref 2,3,4, and 5)
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Sensors
Wind Direction and Speed Sensor Types

	


 Sensor Types





	[image: ]

Omni Instruments
GMX200 (7)
(ultrasonic wind speed and direction sensor)
	
[image: Description: WindObserver II | Gill Instruments]

Gill instruments
WindObserver II Wind Speed Sensor (8)
(ultrasonic 2-axis anemometer
	

[image: ]
Measuring Systems Ltd  EWSD-10 WSD-V (9)


	Price
	£908
	£
	£460

	Supply Voltage
	5=30V
	9-30V
	24V

	Output
	Analogue
	Digital
	voltage

	IP Rating
	66
	66
	65

	Accuracy
	0.3 <40m/s 0.5 >40m/s
	+/-2% @12m/s
+/- 
	+/-5% speed
+/-0.3 direction

	Wind speed range
	
	
	

	Temp Range
	-40-70C
	-40 +70C
	-40- +65C

	Advantages
	Robust, lightweight, has GPS option, real time clock. No moving parts maintenance free.
	Long term stability, no moving parts maintenance free. Only needs microcontroller.
	Drip rings for water to roll off.



Table 3 : Wind Direction and Speed Sensor Types
As highlighted the author has decided to use an analogue/voltage  wind speed and direction sensor to measure these parameters. The reason for this choice is because they are a very popular choice in portable weather stations, they measure both speed and direction, they are robust and have a good IP rating. They are lightweight and inexpensive compared to ultrasonic. Although ultrasonic sensors are more accurate, the accuracy of magnetic sensor and potentiometer sensor is adequate for this project.

Wind Speed and Direction Sensor Selection
	
Sensor Selection
	[image: ]

Omni Instruments
Meteo  940406 (10)
	[image: ]

Davis Instruments 6410 (11)
	[image: ]


Measuring Systems Ltd  EWSD-10 WSD-V (9)


	Price
	£1012
	£205
	£460

	Output
	Analogue
	Analogue
	Analogue/voltage

	Wind speed range
	2.5-210km/h
	1-200mph
	1-200mph

	Accuracy
	+/-2% speed
+/-0.3 deg direction
	+/-5% speed
+/-3deg direction
	+/-5% speed
+/-5 deg direction

	IP Rating 
	
	
	

	Temp Range
	-30-+65C
	-40- +65C
	-20- +60C

	Comments
	Expensive highly accurate
	Withstands hurricane force but operates in slight breeze, stainless steel ball bearings and polycarbonate good for long life
	. Drip rings for water to roll off.Lightweight but robust and hardwearing



Table 4: Wind Speed and Direction Sensors
The author has chosen MSL EWSD-10 Model as it is rugged to withstand high winds and rain. It is well constructed  but lightweight, has stability and long life. Although expensive it has many attributes.
The author has decided to read every 0.5s, will use 2 analogue outputs and 2 bytes of storage for these readings.



Temperature and Humidity Sensors Types
	
Temperature and Humidity Sensor Types

	[image: ]
Omni Instruments
HC2A-S3 (12)
	[image: ]


Sensirion SHT-10 (13)
	[image: ]
RHT-3-0
(Transmitter) (14)

	Price
	£244
	£37.33
	£75

	Voltage
	3.3-5V
	3-5V
	24V

	Accuracy
	+/-0.8% RH
	+/-0.5°C +/-4.5% RH
	+/-0.3°C 3% RH

	Output
	Analogue
	Digital
	Voltage or current

	Dimensions
	108x15mm
	50x14mm
	115x80x52mm 140g

	Comments
	For outdoor weather stations
Expensive
	Accurate
Weatherproof

	Outdoor use



Table 5: Temperature and Humidity Sensor Types
As highlighted above the author has chosen to use a digital sensor for this parameter. According to Texas Instruments research site, digital sensors are considered more accurate and use less power and are competitively priced. (15).










Digital Temperature and Humidity Sensors
	
Temperature and Humidity Sensor Selection

	
[image: ]
Sensiron SHT21 (16)
	[image: ]


Sensirion SHT-10 (13)
	[image: ]
AM2302 (wired DHT22)
(17)

	Price
	£6.25
	£37.33
	£14

	Voltage
	2.1 – 3.6V
	3-5V
	3-5V

	Accuracy
	+/-0.3°C +/-2% RH
	+/-0.5°C +/-4.5% RH
	+/-).5°C  +/-2-5%

	Output
	Digital
	Digital
	Digital

	Response Time
	8secs
	8secs
	2 secs

	Interface
	 I2C
	I2C
	SDA

	Comments
	
	Accurate
Weatherproof

	Low cost




Table 6: Temperature and Humidity Sensors
As shown in the table above the author has chosen to use the AM2302. The reason for this choice is because there is no need for an interface as it connects straight to the data pin and it has a quicker response time. 
The author has decided to read this parameter 1/15 secs. This sensor has a digital output and will use 2 Bytes storage.








Air Particle  Sensor Types
	
Air Particle Measurement
Sensor Types


	
[image: ]
Panasonic SN-


GCJA5 (18)
	
Particle Air counter
(19) [image: ]

PMT Aerotrak 9310 (19)

	Price
	£23.93
	No price available

	Supply Voltage
	5V
	110 – 240 VAC universal power supply

	Particle size
	0.5µm
	0.3 – 25µm

	Signal
	Digital
	Ethernet and USB

	Dimensions
	37x37x12mm
	24.1x23.0x23.2cm

	Comments
	Senses Dust and Smoke
	Too big
Not suitable for this weather station



Table 7: Particle Measurement Sensor Types
The author has chosen to use an air particle sensor as it is more suitable for a weather station. The air particle counters similar to the Aerotrak are not suitable as they are large, heavy and need mains supply. For this portable project the smaller sensor placed in an enclosure would be more appropriate.








Digital Air Particle Count Sensors
	
Air Particle Measurement Sensor
Selection

	Omron [image: ]
Omron
B5W-LD101-2 (20)
	[image: ]

Sensirion SPS30 (21)
	
[image: ]
Panasonic SN-GCJA5 (18)

	Price
	£13.60
	£40.21
	£23.93

	Supply Voltage
	5.5V
	4.5-5.5V
	5V

	Particle size
	0.5µm
	0.5µm
	0.5µm

	Signal
	Voltage
	Digital
	Digital

	Dimensions
	51x39x18mm
	40.6x40.6x12.2mm 26g
	37x37x12mm

	Comments
	Unique flow sucks in air. Senses Dust and Smoke
	Senses Dust and smoke, Laser scattering, precise measurements, suitable for outdoor use.
Expensive
	Senses Dust and Smoke. High accuracy, quick response.


Table 8: Particle Measurement Sensors
The author  decided to select the Sensirion sensor as indicated as it is suitable for outdoor use.
The author will read this measurement every 0.5s, it has a digital output and an I2C interface and will require 2 bytes of storage.









VOC Sensors: Types and Selection

	
VOC Sensor

	
[image: ]
Amphenol MiCS  V289TE (22)
	[image: ]

Thermokon LA+VOC (23)
	[image: ]

Sensirion SGP40 (24)
	[image: ]
Figaro TGS822 (25)

	
	£13.81
	208.80 Euro
	£6.15
	£19.34

	Voltage
	3.3V
	15.35V
	1.7-3.6V
	3-5.5V

	Method
	Semi conductor
	Semi conductor
	
	

	
	
	
	
	

	
	
	
	
	

	Dimensions
	22.9x14x1.6
	90x71x45mm
	80x75x55mm 1kg
	17x10mm

	Opp Temp Range
	0-50°C
	0-50°C
	0-50°C
	

	Comments
	Low power consumption, high sensitivity, used in meterology
	Shock resistant, can add other sensors. Especially for outdoors and weather , expensive
	Compatible with all devices. Prefers indoor air
	Low power use, long life



Table 9: VOC Sensors
The author  decided to select the Amphenol sensor as indicated as it is considered suitable for meterology use. Also it is small in size and weight. 
The author will read this sensor every 0.5s, it has a digital output, I2C interface and requires 2 bytes of storage.





Sunlight and UV Level Sensors: Types and Selection
	
SunLight & UVSensors

	[image: ]
Seeed Grove SI 1145 (26)
	[image: ]
Haljia Guva S12Sd
 (27)
	[image: ]
Digilent Light Sensor Expansion Module 410-286 (28)


	Price
	£7.24
	£9.99
	£7.65

	Measures
	Sunlight
	Sunlight
	

	Interface
	I2C Digital
	
	SPI

	voltage
	1.71 – 3.6V
	2.5-5V
	3.3 – 5V

	
	
	
	

	Dimensions
		
	11x27mm
	20x20mm

	Temp Range
	-40-85°C
	Not given
	

	Comments
	Easy to connect, suitable for microcontroller, suitable for weather stations
	High sensitivity, long life stability
	Ambient light sensor


Table 10: Brightness and UV Level Sensors: Types and Selection
The author has chosen the Seeed Si1145 Sunlight sensor as the connections are straightforward and product information states it is suitable for meteorology and weather stations.
The author has decided to read this 1/15secs, Again it has a digital output, I2C interface and requires 2 bytes of storage.







Protection for UV Sensor
	
Fused Quartz glass 30mm x30mm x 2mm
(31)

£9.16
	[image: ]


Table 11: UV Sensor Protection Cover
Upon research, the author recommends that the UV sensor is protected from rain by placing a piece of glass or plastic over it. Normal window glass will filter UV rays however, especially UV b type rays. (29). Certain glass types allow all UV rays through without filtering them, especially  silica quartz glass. (30).An example of such glass is illustrated above. 













GPS Position Sensors: Types and Selection
	
GPS Sensors
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Digilent GPS Expansion Module 410-237(32)
	[image: ]

Seeed Studio
Grove  113020003GPS (33)
	

[image: ]

Seeed Studio
Grove Air530 GPS (34)

	Price
	£30.65
	£22.99
	£8.69

	Voltage Supply
	3.3-5V
	3.3-5V
	3.3-5V

	Interface
	UART
	
	UART

	Sensitivity
	-165dBm
	-160dBm
	

	Dimensions
	50x20mm
	40x20x13mm
	40x20x13mm

	
	
	
	-

	Comments
	Low power consumption, ultra sensitive.
	Low power consumption
	Low Power consumption
Higher accuracy


Table 12 :GPS Sensors
The Author has chosen the diligent GPS Expansion Module. This choice is higher in sensitivity and has excellent reviews. 
The GPS sensor only needs to be read once when switched on using 1 Byte. IT requires a TX and RX port on the microcontroller.







Signals and Readings
Signals
Wind speed and direction – 2 analogue		1/sec
Temp and Humidity – 1 Digital		1/15sec
Particle count – 1 Digital		500ms
VOC – 1 PWM 		500ms
UV and Sunlight Brightness – 1 Digital		1/15sec
GPS – 1 UART		1/sec
Readings
Wind Speed and Direction 15	30 Bytes
Temp and Humidity	1		2 Bytes
Particle Count	30			60 Bytes
VOC	30					60 Bytes
UV and Sunlight	1			2 Bytes				
GPS	1					1 Byte
155 Bytes / 15 secs
 620 Bytes / Hour
14,880 / Day


208,320/ 14 days

Microcontroller Selection

2 analogue
1 Digital
3 I2C
3 SPI
1 USB
1 Digital Tell
1 UART
1 Start Button
[image: ]
Table 13:: Microcontrollers 1
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Table 14: Microcontrollers 2


The PIC chosen for this project is the PIC18F46J50. The reason for this choice was mainly because it offered separate I2C and SPI interfaces and the difference in prices from other choices was not that significant.

Battery and Charger Selection
	


Battery and Charger

	[image: ]


CNC1363 (35)
	[image: ]
RS PRO NiMH Rechargeable battery pack
777-0400 (36)



	Price
	£11.95
	£30.05

	
	3.6V x 3
	12v

	
	NiMH
	NiMH

	Dimensions
	44x15x17mm 18g
	250g

	
	
	

	Comments
	Comes with connector, used for portable weather stations
	Long life


Table 15: Battery Packs
The author has chosen a 12V battery as suitable for this project.

	


Battery 
Chargers
	[image: ]
Ansmann Energy 8 Plus
(37)
	[image: ]
Mascot Battery Charger 
2115000074 (38)

	Price
	£62.45
	£40.55

	Number charged
	8 x AA
	Battery pack 1-12

	
	NiMH
	NiMH

	Comments
	Short charging time, Good reviews
	Good quality, good reviews. Comes with plug.



Table:16 Battery Chargers
The author has chosen the Mascot Charger  as it charges a battery pack as opposed to single batteries.
SD Card Selection
	SD card
	      [image: ]

ATP SLC Card  AF1GSD-ZADXM (39)
	[image: ]

Transcend 1 GB industrial  SD Card (40)


	    
      [image: ]

InnoDisk 1GB Industrial SD Card (41)


	Price
	£18.58
	£10.51
	£28.56


	Memory
	1 GB
	1 GB
	1 GB

	
	
	
	

	Comments
	· Robust
· Durable
· Environmental resistant
· Seq read up to 69mbps
· Seq write up to 38mbps
· -40Cto 85C

	· Power shield prevents data loss in outage
· Extreme life cycle
· Specially for industrial use

	· Long life
· Power failure management
· Class 6 speed



Table 16: SD Card Selection
The author has selected the ATP SLC Card as it is environmentally resistant and has positive reviews.
LED Indicator Light
	
LED Indicator Light
Indicator, LED; Green; 3/8 in.; 12 VAC\VDC; Panel Mount; 6 in. Wire Leads
RS Stock No.: 2509687265 (42)

£4.50
	[image: ]


Table 17: LED Indicator Light
The LED indicator light above is suitable for showing when weather station is powered and operating. 
Tripods
	



Tripod

	[image: ]Omni 
M-TPB (43)
	[image: ]
Davis Instruments 7716 (44)

	[image: ]
Ambient Weather Station Tripod EX 48 (45)

	Price
	£120
	£106.18
	£146.45

	
	
	
	

	Material
	Not given
	Galvanised steel tubing
	Galvanised steel tubing

	
	
	
	

	
	
	
	

	Dimensions
	2m height
	2m
	2m

	
	
	
	-

	Comments
	Includes guy rope
	Includes 2 x 3’ poles and mounting board and cross arm for wind sensors
	Accessories available for addition, poles and brackets.



Table 18: Tripods
The author has chosen the Davis Instruments tripod for this project as it includes extra poles and cross arm and it is from a reputable firm who also sell portable weather stations. The price is reasonable.







Enclosures
	
Enclosures
	[image: ]
British General  33391 (46)
	[image: ]
British General 96153 (47)
	[image: ]
Spelsburg 332907 (48)
	
[image: ]
Olan OL20112
(49)
	
[image: ]
Olan OL20013
(50)

	Price
	£3.03
	£7.19
	£1.25
	£4.71
	£6.97

	Material
	Polycarbonate
	Polycarbonate
	Thermplastic
	Thermplastic
	Thermplastic

	Temp & Hum Sensor
	X
	
	X
	
	

	Main workings
	
	X
	
	X
	

	Larger option
	
	
	
	
	X

	Dimensions
	85x75x65mm
	180x110x100mm
	75x75x37mm
	150x110x70mm
	190x140x70mm

	
	
	
	
	
	

	Comments
	Contains holes and gromits for wiring
Waterproof
Tamperproof
	Contains holes and gromits for wiring
Waterproof
Tamperproof
	Contains holes and gromits for wiring
Waterproof
Tamperproof
	Contains holes and gromits for wiring
Waterproof
Tamperproof
	Contains holes and gromits for wiring
Waterproof
Tamperproof



Table 19: Enclosures
The author has selected the British General enclosure as indicated as it has holes already prepared for wiring  and sun sensor. Also the material is weatherproof and the size is  suitable. 








Carry Cases
	
Carry Cases
	[image: ]
Peli 1610 (51)
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SKB 31-2421-7B-C (52)
	[image: ]
Nanuk 960 (53)

	Price
	£291.84
	£256
	£289

	Material
	Copolymor Polypropylene
	Copolymor Polypropylene
	NK-7 Resin

	Wheels
	Polyurethane with stainless steel bearings
	
	

	
	
	
	

	
	
	
	

	Dimensions
	624x490x303mm 10.2kg
	613x553x178mm 
	559x432x328mm 8.7kg

	
	
	
	-

	Comments
	Watertight, crushproof, dustproof,lightweight, foam interior, wheels, extending handle.
	Waterproof, foam interior, robust 
	Lightweight, rugged, waterproof impact resistant


Table 20: Carry Cases
The author has selected the Peli carry case due to it’s size, heacy duty wheels for use on rough outdoor ground and durability.







Total Estimate
Item										Cost £
Wind Speed and Direction Sensor					460.00
Temperature and Humidity Sensor					 14.00
Particle Sensor								 40.21
VOC Sensor									 13.81
Solar Brightness UV Sensor						  7.24			
Glass										  9.16
GPS Sensor									 30.65
Battery and charger								 70.60
SD Card									 18.58
LED Indicator Light								   4.50
Microcontroller								   1.98	
PCB										  25.65		
Tripod										106.18
Enclosures (Sensors and Battery pack)					    7.19
Carry Case									291.84

Sub Total								         1101.59		
VAT 20%									220.31		
Total									       £1321.91

FLOWCHARTS
Flowchart of Wind Speed Direction SensorSTART



Wind moves three cups which each have a magnet attached. Magnets pass over sensor below, generating a pulse each time


Increase in wind speed increases the frequency of magnets passing by sensor underneath and increases number of pulses 


Decrease in wind speed decreases the frequency of magnets passing by sensor underneath and decreases number of pulses 




Change in wind direction moves the vane paddle attached to a 360° potentiometer and changes the degree accordingly. This ° will relate to geographical direction.


Read every 0.5s


Read for 14 days


END


Figure 1: Flow Chart of Wind Speed Direction Sensor

Flowchart of Temperature Humidity SensorSTART

Read for 14 days
Read every 15s
Increase in temperature decreases resistance value
Decrease in temperature increases resistance value

Increase in humidity increases capacitance value
Decrease in humidity decreases capacitance















END



Figure 2: Flow Chart Temperature and Humidity Sensor
Flowchart of Air Particle Matter SensorSTART



Particles in the air drawn through laser light beam  in sensor cause scattering of the laser light beam



Resulting energy of scattering sends pulse of electrical energy


Increase in particles  produces increase in number of pulses
Decrease in particles produces decrease in number of  pulses



Large particles produce low signal height
Small particles produce high signal height


Read every 0.5s


Read for 14 days

END



Figure 3: Flow Chart Air Borne Particle Sensor
Flowchart of VOC SensorSTART

Read every 0.5s
Decrease in reducing gases decrease sensor ppm output
Increase in reducing gases increase sensor ppm output












Read for 14 days



END




Figure 4: Flow Chart of VOC Sensor
Flowchart of Light and UV Level Sensor START



Sensor measures UV light  and converts the photons to electrical energy of watts per sq m


Increase in Intensity of UV light  increases energy measurement of watts per sq m



Decrease in intensity of UV  light, decreases energy measurement of watts per sq m


UV level measurements can be calculated using coding and UV Index


Read every 1 s


Read for 14 days



END


Figure 5: Flow Chart Brightness and UV Level Sensor
Flowchart of GPS Location SensorSTART

Read every 15s
Enables it to measure distance between it and each satellite and calculate location of itself
Sensor receives signal from 3 satellites (triangulation) via NMEA signals












Read for 14 days



END



Figure 6: Flow Chart for GPS Location Sensor
Proteus Design
Wind Speed and Direction
[image: ]
Figure 7 Proteus Design of Wind Direction
[image: ]
Figure 8: Proteus Design of Wind Speed
Shown above is the schematics for the wind speed and direction. Even though it is one monitor for both measurements, because it has 2 analogue outputs it is two separate circuits. The potentiometer is used as an example as the device was not in proteus.
For the wind speed when there is no wind speed it will be 0V and at 60mph it will be at 5V. This has a clamp attached for protection.
For the wind direction at 0°it will be 0V and at 360°it will be 5V and again a clamp is attached for protection
The pins are connected RA0 and RA1 which are both ADC pins.

Temperature and Humidity
[image: ]
Figure 9: Proteus Design of Temperature and Humidity
This is the DHT22 which is the same as the sensor chosen by the author. This is connected to RA2 digital pin.





Air Particle Sensor

[image: ]
Figure 10: Proteus Design of Air Particle Sensor
This is the schematic of the Air Particle Sensor. The supply voltage is 5v and because it needs an I2C interface it has a clock line and data line which are connected to pins RD0 (I2C SCL pin) and RD1 which is the I2C SDA pin). A I2C debugger is also connected to the SCL and SDA pins on the sensor.




VOC Sensor
[image: ]
Figure 11: Proteus Design of VOC Sensor
The VOC sensor had two options, either an I2C or PWM output. The author decided to select  the I2C as it could be daisy chained with the others. The sensor had a supply voltage of 3.3V and needed a pull up resistor on both lines which was stated in the datasheet.







UV and Sunlight Sensor
[image: ]
Figure 12: Proteus Design of Sunlight and UV Sensor

This is the schematic for the UV and Sunlight Sensor. The sensor has a supply voltage of 3.3V. It also has three LED’s attached to the sensor; 1 of those LED’s needing a pull up resistor as stated in the datasheet.
Again the SCL and SDA lines are connected to RD0 and RD1 as they can be daisy chained because it is also a I2C interface.



GPS Sensor
[image: ]
Figure 13 : Proteus Design of GPS Sensor
The TX pin is connected to RC7 (RX) and the RX pin is connected to RC6 (TX).












SD Card
[image: ]
Figure 14:Proteus Design of SD Card
The SDO and SCL pins are connected to the SPI port ON the uC, pins RB4 (SCL) and RB5 (SDI), however the SDI pin is connected to RB6 which is a general I/O pin not RC7 which is the SDO pin as this is used for the GPS.








Voltage Regulator 
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Figure 15: Proteus Design of 5V Voltage Regulator
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Figure 16: Proteus Design of 3.3V Regulator
The author has used two regulators, one for 5V and the other for 3.3V as these supply voltages are used in the circuits.



Full Schematic
[image: ]
Figure 17 Full Schematic:
Other devices/components used are a USB connected to the USB port pins, a start button to switch the weather station on and an LED to flash so the user knows that everything is on and running.






Easy PC
Schematic
[image: ]
Figure 18: Schematic
The author was not able to find the PIC PIC18F46J50 which was chosen for this project, therefore the PIC18F25K50 was used in Easy PC instead. Also the author was not able to find a 7833 regulator, so used the 7805 as an example and attached 3.3V to it instead of 5V.
The author has used 3WP for the I2C Debuggers, two 2WP’s for the Air Particle Sensor, 4WP for the VOC Sensor, a 5WP for the UV and Sunlight Sensor, a 9WP for the wind direction and speed sensor, a Japanese 4 pin connector for the GPS and a Japanese 3 pin connector for the temp and humidity sensor.


Without Copper Pour
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Figure 19: Without Copper Pour
The author has used four dummy layers for 12V, 5V, 3.3V and 0v.






With Copper Pour 12V
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Figure 20: With Copper Pour 12V







With Copper Pour 12V and 5V
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Figure 21: With Copper Pour 12V and 5V







With Copper Pour 12V, 5V and 3.3V
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Figure 22: With Copper Pour 12V, 5V and 3.3V







With Copper Pour 12V, 5V, 3.3V and 0V
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Figure 23: With Copper Pour 12V, 5V, 3.3V and 0V







3D View Front
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Figure 24: 3D View Front







3D View Back
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Figure 25: 3D View Back







Recommended Improvements
The first improvement would be to make sure all components chosen can be used in Easy PC. Also building a smaller PCB would be advantageous as they can become very expensive.
The author also believes that more research on microchip pics and pin selection with regard to I2C interfacing, in order to try and eliminate using a pic with separate I2C and SPI interface and also to cut the costing.
Another improvement would be to find a cheaper way of measuring the wind speed and direction. This may have been achieved by using separate wind vane and anemometer which may have been less expensive.
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Appendix 1
Hobo Model SKU U30-NRC-SYS-Cl
[image: ]

Illustration taken from: https://www.weathershop.co.uk/shop/hobo-u30-nrc-weather-station-starter-kit-u30-nrc-sys-c









Appendix 2
Hobo Model RX 2102-SYS-kit
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Illustration taken from: https://www.weathershop.co.uk/shop/hobo-microrx-sys-kit









Appendix 3
Omega Model WM25 Portable
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Illustration taken from: https://assets.omega.com/manuals/M5586.pdf







Appendix 4 
Spectrum Model Watchdog 2550
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Illustration taken from: https://www.weathershop.co.uk/shop/spectrum-3320wd2
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HOBO U30 USB WEATHER STATION STARTER KIT
£1,802.02

AVAILABLE TO ORDER
SKU: U30-NRC-SYS-C

Product Description

Combines a rugged data logging weather station with out-of-the-box convenience.

Accepts up to 10 plug-and-play Smart Sensors. Just plug in your sensor and it's
automatically recognised - no programming, wiring or calibration necessary. With this ki
you can measure temperature, relative humidity, wind speed/direction. Simply select
your choice of either a 2-Metre or 3-Metre Tripod Kit and go!

Use HOBOwWare or HOBOware Pro software for logger setup, graphing and analysis.

KEY FEATURES

 HOBO U30 NRC data logger with 10 inputs (U30-NRC-000-10-5100-000 )
* 5W Solar Panel - SOLAR-5W

* Temperature/RH Smart Sensor with 2-meter cable - S-THB-M002

* Wind Speed Smart Sensor with 3-meter cable - S-WSB-M003

* Wind Direction Smart Sensor with 3-meter cable - S-WDA-M003

« Full Crossarm for Wind Speed/Direction sensors - M-CAA

* Solar Radiation Shield for Temperature & RH sensor - R3-B
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HOBO CELLULAR WEATHER STATION KIT - BASIC

e

HOBO CELLULAR WEATHER STATION KIT - BASIC
£1,741.76

SKU: RX2102-sys-kit

Product Description

The HOBO MicroRX Weather Station Kit provides instant access to site-specific air
temperature, relative humidity, rainfall and wind speed/direction data anywhere,
anytime on your desktop or mobile device.

This weather station kit includes one year of cloud-based data access with HOBOlink
cloud-based software - for 24/7 access to your data and the ability to verify system
status, set up and manage alarm notifications, and schedule automated delivery of data.

KEY FEATURES

« Cloud-based 24/7 data access via HOBOIink web-enabled software platform

« Plug-and-play operation

* Alert notifications via text/email

« Rugged weatherproof enclosure

« Optional analogue input and relay modules

« Real-time monitoring with up to 10-minute connection rates via 4G cellular data
plans.

* Compact IP66/NEMA 4X enclosure

« Powered by integrated 1.7 W solar panel and NiMH rechargeable battery pack
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Modular Weather Stations

whs-25

Currency:  GB Pour
£1,640.00 wns2s
E (€

« Desktop, NEMA, and Portable Models
« 8 Analog and 3 Digital Channel Inputs

* Resolution: 12-Bit A/D Converter on 4 Channels, 10-
Bit on Other Channels

« Adjustable Logging Interval 10 to 60,000 Seconds
« 16 Character x 2 Line Backlit LCD Screen Display
« Real-Time Clock is Used to Time-Stamp each
S Measurement, Battery Backed, and Accurate to Within
Modular Weather Stations 10 Minutes Per Year
« Serial Port: R5232 9-Pin Connector, Selectable Baud
(lin]=] Rate, Real-Time Data Output to PC (Using
Hyperterminal or Optional Graphic Software)
« 2GB SD Memory Card and USB Card Reader Included

Weather Monitoring Stations - View related
products
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SPECTRUM WATCHDOG 2550 WEATHER STATION
(EXPANDABLE & OPTIONAL
WIRELESS/WIFI/CELLULAR COMMUNICATIONS)
Special Price £1,194.00

HURRY, ONLY 1 LEFT IN STOCK
SKU: 51-3320WD2

Product Description

This pro-quality portable weather station enables you to monitor your real-time
weather conditions at any site, for more effective and profitable crop and pest
management.

Measures, calculates and logs Wind Speed and Direction, Dew Point, Air Temperature,
Relative Humidity, and in also supports up to 6 external sensors; choose from a huge
range including soil moisture, UV, leaf wetness and many more.

« Use the onboard LCD display to check your current and daily readings
« Optional wireless or cellular communication

* Choose measurement intervals from 1 to 60 minutes

* Data is logged in fail-safe, non-volatile memory

« Powered by four AA batteries (included). Optional solar power package

« Compatible with the WatchDog Retriever & Pups Wireless Crop Monitoring Network.
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