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[bookmark: _Toc155796997]Introduction
I have been asked to design a microcontroller-based weather and air quality monitor / logger. The designed system will need to be self-sufficient for a 14 day period. This will be aimed at amateur weather forecasters to help them predict future weather systems. Below is a list of the sensors that will be required.
· Temperature
· Humidity
· Wind speed
· Wind direction
· Air borne particle count
· Sunlight brightness
· UV levels 
· GPS positioning 
· VOC level
Including the sensors listed above, the designed system will need to be able to collect non-volatile memory which can be externally read using a USB and the information can be displayed on a computer or laptop. It will also need to be portable and suitable for the environments associated with weather forecast stations.  A LED must also be able to flash to indicate that the system is in operation.

[bookmark: _Toc151029885][bookmark: _Toc155796998]Task 1 – Portable weather measurement systems
When designing an amateur weather forecasters DAS, research into current systems will benefit the brain storming aspect to gain new ideas for the system. The below are weather stations / portable monitoring systems that are found on the market as a complete system. Some of these have more flexibility to add additional sensor to it. These systems are all capable of logging data over a period of time, allowing better predictions. The DAS or data acquisition system is used to gain the raw data from the sensors and collect the various data in one local. A DAS can either receive digital or analogue signals depending on the output of the sensors in the system, this information can then be trended, allowing better forecasts.
[bookmark: _Hlk151646430]


[bookmark: _Toc151029886][bookmark: _Toc155796999]Comparison

	Comparison between on the market weather stations.
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	Model

	RK900-03
	RK900-01
	HOBO Cellular
	GSM 
	Rainwise

	Price (£)
	Approx.  2400
	Approx.  6400
	4295.09
	4000
	Approx. 1500

	Supply
	100 – 240Vac or 12Vdc battery.
	12Vdc, 110Vac, 220Vac
	5Vdc / 17Vdc
	12/24vdc
220Vac 
	12Vdc

	Compass
	X
	X
	X
	-
	-

	Temperature
	X
	X
	X
	X
	X

	Humidity
	X
	X
	X
	X
	X

	Wind Speed
	X
	X
	X
	X
	X

	Wind Direction
	X
	X
	X
	X
	X

	Air Borne particle
	-
	-
	-
	-
	-

	Sunlight brightness
	X
	X
	-
	X
	-

	UV levels
	-
	X
	-
	X
	X

	GPS
	-
	X
	X
	X
	-

	VOC
	-
	X
	X
	-
	-

	Any additional sensors
	Atmospheric Pressure
	Rainfall etc
	Multiple
	Ammonia / radiation
	Rainfall

	Information acquisition 
	X
	X
	X
	X
	X

	WIFI
	X
	X
	X
	X
	-

	Measurable times
	<1sec
	<1sec
	<1sec
	<2 sec
	<1sec

	Operating Temperature
	-40°C - +70°C
	-40°C - +70°C
	-40°C - +60°C
	-40°C - +120°C
	-40°C - +60°C

	Ability of renewable energy
	-
	Solar panel
	Solar panel
	Solar panel
	Solar panel 


[1] [2] [3] [4] [5]


When looking at portable weather stations, the seem to have only one or two sensors or many, such as the ones that have been selected above. This is to gain a more accurate comparison to the system that will be designed on capabilities and price. 
RK900-03 – This is the smallest mobile weather system that is compared. This unit is only 5Kg unpacked from the carrier. This makes it extremely light. However, this means it compromises in other aspects, there is no renewable energy source to top up the battery. The operating temperature is good and is average across the other systems. Overall this is a good system and cheaper than the others with a but limited number of sensors.
RK900-01 – This system is the larger than RK900-03, it has a larger selection of sensors, and options of adding more. It has a renewable energy source with solar panels, this means that this system has a LCD screen with a DAS. RK900-01 is the most expensive system in the comparison, however it has the most to offer. 
HOBO Cellular weather station – This system is very similar to the RK900-01, however there is not as much flexibility in sensors. They both have solar panels to prolong the battery life above seven days. The installation can be wall mounted or pole mounted unlike the other two systems. being wall mounted may affect the readings, and makes it less mobile with less places it can be mounted. Pole mounted would be best for the designed system.
Outdoor GSM WiFi Automatic Wireless Weather Station – Compared to the other systems, this setup seems expensive, there is no flexibility with the amount of sensors offered and solar is sold separately. This means additional cost. It also have the longest recording time of 2 seconds, unlike the others at 1 second. The mounting system is different compared to the others, this will take more prep work, as the pole will need to be pressed into the ground to make it stable.
Rainwise – Rainwise is the cheapest system by quite a margin. This unit is very specific to the task of monitoring rain and wind speeds. No additional sensors can be added and there is solar power used to prolong the battery life. There are a number of different versions of this model, this means you can get a model for the application that would be required.
For the design, the RK900-01 will be used as the main comparison for this project. This is because it has the most in common with the requirements set out in the introduction. 


 
[bookmark: _Toc151029887][bookmark: _Toc151647024][bookmark: _Toc155797000]Task 2 - Microcontroller unit
[bookmark: _Hlk151646442]The selection of the microcontroller is very important as this is the brain of the system. This small computer is an integrated chip with an integrated circuit. Non-volatile memory and read-write are the two forms of memory for a MCU. When choosing the microcontroller, non-volatile is the important aspect. The microcontroller is one of the most important parts of the design, without this working correctly the whole system will not work. There are a number of shapes and sizes that the microcontroller can come in, and depending on the specifications are relatively inexpensive. Below are aspects that will be need to be considered when choosing the microcontroller unit. 
Power efficiency – When considering the power efficiency, a trade-off exists between power consumption and processing performance. As the design will rely on a battery, processing capabilities are constrained by the life of the battery. This will require a minimum of 14days of practical usage. Making power efficiency a crucial factor.  
Temperature tolerance – Temperature fluctuations are anticipated, especially if the system is deployed in an outdoor environment with unpredictable weather. 
Security – Despite being a portable closed systems lower security priority, the data retrieval occurs via a USB without internet access.
Hardware architecture – For compactness, two main hardware architecture packages are considered: the common dual in-line with smaller footprint, and flat no-leak packages offering superior heat diffusion, potential advantages in addressing temperature concerns. 
Processing power – Processing power hinges on the application’s demands, where a higher core count accelerates processing speed, but at the expense of faster battery depletion. 
Memory – The amount of memory needed for the unit to operate depends on the ROM and RAM it will have. As more programs run, RAM ( random access memory) becomes crucial. 
Hardware interface – The project specifies a USB interface, though WIFI and video may be applicable in certain scenarios or some improvements in future.
Cost – Microcontroller are typically produced in large quantities in the industry. This results in lower per-unit cost. However, acquiring a single unit for a prototype might be comparatively expensive. Scaling up production would be essential for achieving a more favourable unit cost if the project is adopted widely. 
[6]
[bookmark: _Hlk151646448]The table below indicates the timing for data collection by each sensor during normal operations. The timings are either one second, 20 seconds or 30 seconds. For instance, the GPS will not need to be used as the unit will not be moving for long periods of time. Wind speed will change quickly meaning that a more regular reading will be needed, by reducing the sample rates the amount of bytes will decrease. The sample rate for each sensor are listed below;
· Temperature – 20s
· Humidity – 20s
· Wind speed – 1s
· Wind direction – 1s
· Air borne particle count – 1s
· Sunlight brightness – 1s
· UV levels – 1s
· GPS positioning – 30s 
· VOC level – 1s
These sample rates were chosen on the basis of how much change would happen between sample points like the example stated above.
	Time
	Sensor type

	
	Wind Speed
	Wind Direction
	Air borne Particle
	Sunlight Brightness
	UV Levels 
	VOC Level
	Temp
	Humidity
	GPS

	0ms
	/
	/
	/
	/
	/
	/
	/
	/
	/

	↓
	/
	/
	/
	/
	/
	/
	
	
	

	1s
	/
	/
	/
	/
	/
	/
	
	
	

	↓
	/
	/
	/
	/
	/
	/
	
	
	

	10s
	/
	/
	/
	/
	/
	/
	
	
	

	↓
	/
	/
	/
	/
	/
	/
	
	
	

	20s
	/
	/
	/
	/
	/
	/
	/
	/
	

	↓
	/
	/
	/
	/
	/
	/
	
	
	

	30s
	/
	/
	/
	/
	/
	/
	
	
	/


[bookmark: _Toc151029888][bookmark: _Toc151647025]
[bookmark: _Toc155797001]Selection of microcontroller
[bookmark: _Hlk151646457]The provided screenshots illustrate the criteria and information considered in selecting the PIC microcontroller. The PIC needed to be 8-bit with minimum of 24 pins, as indicated in the preceding table. Additionally, a USB and a SD card reader were essential requirements. The following choices were made during the search for the appropriate PIC;
· 8 Bit
· Number of I/O 
· Pin Count – 24 minimum
· ADC input – 5
· Max ADC resolution – 10
· SPI – 1
· RAM / ROM
· I2C – 1
· No. of UBS modules – 1
· Hardware RTCC / RTC ( Real time clock )
The microcontroller that was chosen was a 28-Pin PIC18F2XJ50 family. From the selection this PIC hit all the criteria that was set out by the design. Below diagram shows the basic layout of the PIC.
[image: ]




The price of a PIC18F24J50 is £3.34, this is a competitive price for all the PIC’s that would be required. [7]
	

	Signal Type
	Number of I/O
	Number of Pins

	Air Temp
	AI
	1
	4

	Humidity
	AI
	1
	3

	Wind Speed
	AI
	1
	1

	Wind Direction 
	AI
	1
	1

	Air borne particle count
	AI
	1
	1

	Sunlight brightness
	AI
	1
	1

	UV positioning 
	AI
	1
	1

	GPS
	AI
	1
	1

	VOC
	UART
	1
	1

	Start Button
	DI
	1
	1

	Stop Button
	DI
	1
	1

	USB
	DI/DO
	2
	3

	LED indication
	DO
	1
	1

	SD Card
	DI/DO
	2
	4

	Totals
	
	8AI / 6DI
	24
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[bookmark: _Toc151029889][bookmark: _Toc155797002]Task 3 – containment & specifications 
[bookmark: _Toc151029890][bookmark: _Toc155797003]Sensor Requirements
[bookmark: _Hlk151646487]Provided below are instances of sensors, including the ones selected for the project. The details include factors such as cost and tolerance, while the tables outlines their advantages and disadvantages. This approach aims to emphasize the strengths and weaknesses of each sensor. During the sensor research process, certain priorities were given consideration. The sensor picked is highlighted.
· Off the shelf sensors.
· Input voltage of either 12V or 24V, and output of 5V
· To have a low tolerance as possible.
· With a portable station, possible set up when getting to the area. 
[bookmark: _Toc155797004]Sunlight Brightness Sensor
[bookmark: _Hlk151646492]From the Bellow table, the Photasgard AHKF was chosen. This sensor has the best overall criteria for the design. 
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	Model 
	SenseCAP S210x
	SEN0390 DFRpbot
	CSD3
	Photasgard AHKF

	Range
	40 to 90KLux
	10 to 90KLux
	400 to 110KLux
	<100KLux

	Price (£)
	250
	7.50
	2100
	100.78

	Input Signal
	3.0-5.5V
	2.7-6V
	12V
	15 – 36V

	Output Signal
	3.5mA
	0.7mA
	1mV/Wm2
	0-10V

	Op Temp
	-45 to +85°C
	-40 to +85°C
	-40 to +70°C
	-30 to +70°C

	Current
	1-10mA
	2-20mA
	1-20mA
	1-20mA

	Tolerance
	5%
	<1%
	<1%
	<2%

	IP Rating 
	IP65
	IP65
	IP65
	IP65

	Advantages
	Good temp range, reliable, good IP rating
	Good temp range, very cheap, Good IP rating
	Good temp range, good Lux level, very accurate and reliable.
	Ok temp range, good price, good Lux level, good IP rating

	Disadvantages
	Quite Expensive, not good range of Lux level, not as accurate
	Not good enough range of Lux.
	Very expensive
	Can get cheaper models


[8] [9] [10] [11]
[bookmark: _Toc155797005]Airborne Particle Sensor
[bookmark: _Hlk151646499]The sensor PMOSXX was chosen due to the correct input and outputs set in the set criteria. This senor had a quick delivery date and can be mounted in any area.
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	Model 
	PMDT 
	Tera Sensor Next-PM
	PMOSXX
	Honeywell

	Type of sensor
	Laser 
	Laser
	Laser scatter
	Laser

	Price (£)
	324
	93.16
	509.00
	301.99

	Input Signal
	24Vdc
	5Vdc
	24Vcd
	24Vdc

	Output Signal
	0-10Vdc
	UART
	0-5Vdc
	0-22mA

	Current
	4-50mA
	20mA
	75mA Max
	850mA

	IP Rating 
	IP65
	
	IP65
	IP65

	Op Temp
	-40 to +70°C
	-30 to + 50°C
	-30 to + 60°C
	-40 to + 65°C

	Tolerance
	±10
	±10
	±5
	±10

	Particulate size
	PM 1.0 to PM10
	PM0.3 to PM10
	PM 1.0 to PM10
	PM 1.0 to PM10

	Advantages
	Good IP rating, reliable sensor, good range of operating temp. low current.
	Great particle size, very cheap. Good current draw.
	Good IP rating, good operating temp. lowest tolerance 
	Good IP rating, reliable sensor, good range of operating temp. low current.

	Disadvantages
	Not the cheapest. Long lead time on ordering.
	Low operating temp, UART output.
	Expensive, higher current draw. 
	Not the cheapest. Long lead time on ordering.


[12] [13] [14] [15]



[bookmark: _Toc155797006]Wind Speed & Direction Sensor
[bookmark: _Hlk151646507]Sensor WSD-V was chosen due to the ease of installation that it can be mounted to a mast on site or before leaving the workshop.
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	Model 
	WSD-V 
	S-WSET-B
	R.M. Young 5103
	Windsonic4

	Type of sensor
	Anemometer
	Anemometer
	Anemometer
	Anemometer

	Price (£)
	460
	51.84
	1680.47
	1100.89

	Input Signal
	24Vdc
	24Vdc
	110Vdc
	9-30Vdc

	Output Signal
	0-10Vdc
	0-45mA
	0-20Vdc
	

	IP Rating
	IP65
	Ip65
	IP65
	IP65

	Tolerance
	5% or 1.5m/s
	±1.1 m/sec
	±0.3 m/sec
	±0.3 m/sec

	Max wind speed
	120mph - 54m/sec
	134mph - 60m/sec
	224mph
	60m/sec

	Current
	30mA
	54mA
	840mA
	10mA

	Ambient Temp
	-35 to +60°C
	-40 to +75°C
	-40 to +75°C
	-50 to +50°C

	Advantages
	Well priced, low tolerance, low current draw, good overall max wind speed. Good IP rating. Can be mounted in one unit.
	Cheap, good IP rating and operating temperature. 
	Great max wind speed, good IP rating, and lowest tolerance. Good operating temp.
	Average max wind speed, good tolerance and low current draw.

	Disadvantages
	Could be better ambient temp, good price. 
	Mounted in two units making setup take longer. High tolerance.
	High Current draw, high input voltage.
	Not a great amount of detail in the datasheet.


[16] [17] [18] [19]
[bookmark: _Toc155797007]Air temperature sensor 
QAC3161 was chosen due to the overall ease of installation and best to suit the design.
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	Model 
	SEM160ID/H01
	TiTEC AUTFext /MUV
	P3110E
	QAC3161

	Type of sensor
	transmitter
	transmitter
	Transmitter
	Transmitter

	Price (£)
	123.96
	55.40
	140.40
	81.99

	Input Signal
	4-20mA
	12Vdc
	9-30Vdc
	13.5 – 35Vdc

	Output Signal
	4-20mA
	0-10Vdc
	4-20mA
	0-10V

	Current
	20.5mA Max
	20mA
	20mA
	20mA

	IP Rating
	IP65
	IP65
	IP65
	IP65

	Temp range
	-30 to 100°C
	-50 to 180°C
	-30 to 80°C
	-40 to 70°C

	Tolerance
	±0.5 °C
	±0.2 K
	±0.6 °C
	±0.3 °C

	Update time
	3 sec
	2 sec
	4 sec
	2 sec

	Advantages
	Good temp range, good IP rating, 
	Great temp range, good IP rating, very good tolerance. Low cost.
	Good voltage input, good IP rating, 
	Very low tolerance, good IP rating, average current draw. Low cost. Easy to install.

	Disadvantages
	Expensive, higher current draw then the other sensors.
	Not the correct input voltage.
	Expensive, high update speed compared to the others. Higher tolerance.
	Could have better temp range.


[20] [21] [22] [23]
[bookmark: _Toc155797008]Humidity Sensor
[bookmark: _Hlk151646522]Hygrasgard sensor was chosen due to the ease of installation and one of the best operating temperatures and lowest tolerance.
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	Model 
	SEM160ID/H01
	SRH1A
	TE–HPP805A031
	HYGRASGARD

	Type of sensor
	transmitter
	transmitter
	transmitter
	transmitter

	Price (£)
	123.96
	240
	150.55
	244.94

	Input Signal
	4-20mA
	4-16Vdc
	10Vdc
	24Vdc

	Output Signal
	4-20mA
	0-12Vdc
	1 to 3.6Vdc
	0-10Vdc

	IP Rating
	IP65
	IP66
	IP66
	IP65

	Current
	20.5mA Max
	1mA
	2mA
	5mA

	Humidity range
	0-100%
	0-100%
	0-100%
	0-100%

	Tolerance
	±0.5%
	<0.1%
	±2%
	±0.2%

	OP Temp 
	-40 to +60°C
	-40 to +60°C
	-30 to +70°C
	-35 to +80

	Update time
	3 sec
	2 sec
	1 sec
	2sec

	Advantages
	Cheapest sensor, good op temp range, 
	Good op temp, very low tolerance, 
	Best update time, good op temp, low current draw and cheap.
	Lowest tolerance, good IP rating, good operational temp range. Easy to mount.

	Disadvantages
	Very high current draw compared to others.
	Quite expensive, 
	High tolerance range.
	Most expensive.


[20] [24] [25] [26]
[bookmark: _Toc155797009]Volatile Organic Compound Sensor 
There are many different mounting differences with a VOC sensor, the design required an external mounted sensor. T2214 was chosen as one of the cheapest external mounted sensors. 
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	Model 
	2xmq138
	TVOC 2
	T-ION-TVOC
	T2214

	Price (£)
	169.00
	
	3999.00
	209.00

	Input Signal
	0-5Vdc
	5-24Vdc
	8-53Vdc
	24Vdc

	Output Signal
	0-5Vdc
	4-20mA
	4-20mA
	0-10Vdc

	Current
	180mA
	130mA
	65mA
	6mA

	IP Rating
	Unknown 
	IP54
	IP54
	IP54

	Measurement range
	600 to 1100hPa
	0-1000ppm
	0-1000ppm
	600 to 1100hPa

	Tolerance
	±3%
	±5%
	±2%
	±0.06%

	Temp Range
	
	-20 to +50°C
	-200 to 500°C
	-40 to +60°C

	Advantages
	Average tolerance, good output signal, good measurement range.
	Good IP rating and measurement range. 
	Excellent temp range, good IP rating, good measurement range.
	Cheapest externally mounted sensor, lowest current draw, good measurement range. Excellent tolerance. 

	Disadvantages
	High current draw, internally mounted so no IP rating.
	High tolerance range, unable to find price unless done through a quote.
	Very expensive, 
	Temp range could be better.


[27] [28] [29] [30]

[bookmark: _Toc155797010]Global positioning systems (GPS) sensor
GNSS200L was chosen due to the price of the unit, being able to mount externally and good tolerance.
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	Model 
	QK – AS07 – 0183
	GPS16X-HVS
	GPS-721 U-MRTU
	GNSS200L 

	Type of sensor
	GPS
	GPS
	GPS
	GPS

	Price (£)
	146.64
	1400
	228
	54.95

	Input Signal
	12-24vDC
	8-40Vdc
	10-30Vdc
	10-30Vdc

	Output Signal
	USB
	USB
	USB
	USB

	Operating Temp
	
	-50 to +60°C
	-40 to +80°C
	-40 to +80°C

	Current
	50mA
	65mA
	100mA
	40mA

	IP Rating
	
	IP65
	
	IP67

	Tolerance
	±3m
	±3m-5m
	±2.5m
	±2m

	Advantages
	Average current draw, good input voltage, 
	Good IP rating, very good operating temp, average current draw.
	Good operating temp, can be a little expensive.
	Very good operating range, very good IP rating, cheapest sensor, low current draw.

	Disadvantages
	Internally mounted, no operating temp 
	Very expensive.
	High current draw, internally mounted.
	


[31] [32] [33] [34]



[bookmark: _Toc155797011]Ultraviolet radiation level sensor
SX2597 sensor was chosen because it best suits the needs for the system design.
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	Model 
	RS PRO 
	LUTM-UP817A2P
	Oizom
	SX2597

	Type of sensor
	Diffuse Reflection
	Diffuse Reflection
	Diffuse Reflection
	Diffuse Reflection

	Price (£)
	Approx 500
	414.35
	Approx 900
	Approx 800

	Input Signal
	5-12Vdc
	12-24Vdc
	5-12Vdc
	12-24Vdc

	Output Signal
	RS485
	5-20mA
	5-20mA
	0-5Vdc

	Current
	15mA
	<100mA
	20mA
	20mA

	IP Rating
	IP 67
	IP65
	IP65
	IP65

	Operating Temp
	-25 to +80°C
	-10 to +75°C
	-25 to +60°C
	-40 to +85°C

	Detection range
	200 to 2500mm
	450mm to 750mm
	200 to 500mm
	280 to 400mm

	Tolerance
	±1%
	±1%
	±5%
	±5%

	Advantages
	Very good range of detection, average operating temp, good IP rating, low current draw.
	Good IP rating, cheapest sensor. 
	Good IP rating, average current draw, 
	Good IP rating, Good operating temp. Average detection range.

	Disadvantages
	Output signal RS485.
	Poor operating temp, high current draw
	The most expensive, 
	Quite expensive


[35] [36] [37] [38]



[bookmark: _Toc151029896][bookmark: _Toc155797012]Accessories 
[bookmark: _Hlk151646527]This section is all the accessories that will be required to complete the system design.
[bookmark: _Toc151029897][bookmark: _Toc155797013]LED 
[bookmark: _Hlk151646531]There will be two LEDs in this design one red and one green to indicate when the system is live and working.
	LED Panel indication 
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	Model 
	RS Pro green LED
	RS Pro green LED

	Price (£)
	2.82
	2.82

	Voltage
	24Vdc
	24Vdc

	IP rating
	IP65
	IP65

	Current
	20mA
	20mA


[39] [40]
[bookmark: _Toc151029898][bookmark: _Toc155797014]Buttons
[bookmark: _Hlk151646535]The button below was chosen because it is a metal button. In a wet and cold environment this would be better due to any damages with the plastic buttons.
	Button selection
	[image: ]
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	Model 
	RS PRO Push button Switch
	APEM 
	RS Pro Miniature 

	Price (£)
	34.48
	24.89
	4.52

	Voltage
	24V
	24V
	24-30V

	IP Rating 
	IP67
	IP67
	IP67


[41] [42] [43]




[bookmark: _Toc151029899][bookmark: _Toc155797015]Cables & leads
[bookmark: _Hlk151646538]The below cable was selected for the sensor connections, most of the sensors come with their own cables however may not be long enough. The mulitcomp cable would be used internally and connected to the PCB direct.
	Cable 
	[image: ]
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	Type of cable
	CY Screened, grey PVC sheath 20 AWG.
	CY Screened, grey PVC sheath 20 AWG.
	Multicomp Pro 100-30BK

	Price (£)
	90.03
	80.58
	15.48

	Length
	50M
	50M
	100M

	Number of Cores
	5
	3
	1

	Cable Size
	0.5mm
	0.5mm
	0.22mm

	Maximum current
	9 Amp
	9 Amp
	5 Amp


[44] [45] [46]
[bookmark: _Toc151029900][bookmark: _Toc155797016]Cable fixings	
[bookmark: _Hlk151646546]The adhesive pad cable clips are for internal fixings inside the case, the cable ties are used to secure the cables on the outside of the case, and onto the mast.
	Cable Fixings
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	Type of fixings
	Nylon cable clip, with adhesive pad.
	RS PRO Cable clip (P clip)
	RS PRO Cable Tie (various sizes)

	Price (£)
	21.36 per 100
	5.00 per 100
	14.56 per 100

	Advantages
	Can quickly be installed or used for long term installations. 
	Can be installed quickly and will be very secure.
	Can be used as a permanent install or temporary  

	Disadvantages
	Over long term can become less effective, also environment can effect the adhesive.
	Installation will be slower than other types of fixings due to the use of tools.
	Can only be used if there is a secure part to attach to, can be effected by heat.


[47] [48] [49]
[bookmark: _Toc151029901][bookmark: _Toc155797017]Cable connectors 
[bookmark: _Hlk151646554]Due to the environments that this station will be in, a connector with very good IP ratings will be required, that is why the Ficher series was chosen.
	Cable Connectors  
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	Model 
	Amphenol Industrial PT06A 14-12P
	Lemo Circular Connector, 2x7 contacts
	Fischer UltiMate Series 

	Price (£)
	35.88
	32.30
	43.20

	IP Rating
	IP68
	IP50
	IP68

	No. of contacts
	16
	2x7=14
	15

	Vibration protection
	Yes
	Yes
	Yes

	Current ratting
	7.5A
	7.04A
	Up to 26A

	Advantages
	Most connections per cable terminals. Very versatile. Good IP rating.
	Cheapest amongst the competition. Very durable and.
	High current rating, excellent IP rating, very durable. Easy to install.

	Disadvantages 
	Expensive, have to by female and males connection separately.
	Low IP rating, can be used in less environments.
	Expensive compared to competition.


[50] [51] [52]
[image: ]For the female connections, the item used is shown below;
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[53]
[bookmark: _Toc151029902][bookmark: _Toc155797018]Glands
[bookmark: _Hlk151646565]The female end of the Fischer Ultimate, will be installed to the outside of the container, making the installation quick and easy. 
	Glands
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	Type of glands
	Nylon Cable Gland 
	RS PRO Metallic Nickel plated.
	Fischer UltiMate Series

	Price (£)
	0.28 Each
	6.24 Each
	43.20

	IP Rating
	IP68
	IP68
	IP68

	Advantages
	Easy to install, Very cheap, good IP rating rating.
	Very good IP rating, More durable that other glands. Very good IP rating.
	High current rating, excellent IP rating, very durable. Easy to install. Will have female connecters.

	Disadvantages
	Can be over tightened and damaged.
	Expensive compared to other glands.
	Expensive compared to competition.


[54] [55] [53]
[bookmark: _Toc151029903][bookmark: _Toc155797019]Cable ID
[bookmark: _Hlk151646569]The cables will need to be identified on what cable will be connected to which connector on the Containment. Below is what is selected.
	Cable ID
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	Price (£)
	105.84

	Advantages 
	Can be placed onto cables quickly and generally hard wearing.

	Disadvantages
	May come off due to damage. Can be brittle when used in outside environment.


[56]

[bookmark: _Toc155797020]Additional equipment
The mounting equipment for the sensors and the ground anchors for the mast / tripod are listed below.
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	Equipment
	Steel ground stakes
	Pole Mounting Kit
	Waterproof brass lock

	Price (£)
	13.95
	28.84
	9.84

	Use
	Help secure the mast to the ground.
	Will be used to mount the sensors to the pole.
	To secure the case when left in remote areas.

	Advantages
	Cheap.
	Relatively cheap, can be fitted to a number of different sized poles.
	Can be replaced easily, used in all weathers, comes in many different sizes. 

	Disadvantages
	Will have to tell out in different environments.
	Will have to be done before going to site. Will require tools.
	Can be cut with bolt cutters. There are other locks but will be expensive.


[57] [58] [59]






[bookmark: _Toc151029904][bookmark: _Toc155797021]SD card selection & Calculation
[bookmark: _Hlk151646574]The table below shows the calculations of the memory requirements for the system. this means that the microcontroller will require 22,095,360 bytes or 22.09MB. 
	

	Signal Type
	Number of I/O
	Number of Pins
	Sample Rate
	Bytes/ Readings
	Readings/ minutes
	Total Bytes/ 14 days

	Air Temp
	AI
	1
	1
	20
	2
	3
	120,960

	Humidity
	AI
	1
	1
	20
	2
	3
	120,960

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

	Wind Direction 
	AI
	1
	1
	1
	2
	60
	2,419,200

	Air borne particle count
	AI
	1
	1
	1
	2
	60
	2,419,200

	Sunlight brightness
	AI
	1
	1
	1
	2
	60
	2,419,200

	UV positioning 
	AI
	1
	1
	1
	2
	60
	2,419,200

	GPS
	AI
	1
	1
	30
	2
	2
	80,640

	VOC
	UART
	1
	1
	1
	8
	60
	9,676,800

	Start Button
	DI
	1
	1
	n/a
	n/a
	n/a
	n/a

	Stop Button
	
	
	
	
	
	
	

	USB
	DI/DO
	2
	3
	n/a
	n/a
	n/a
	n/a

	LED indication
	DO
	2
	4
	n/a
	n/a
	n/a
	n/a

	SD Card
	DI/DO
	2
	4
	n/a
	n/a
	n/a
	n/a

	Totals
	
	8AI / 9DI
	20
	
	24
	368
	22,095,360



[bookmark: _Hlk151646578]The 64GB SD card was selected, because to there being very little price difference between a 32GB and 64GB. This means with the money it could run in excess of 38 days with the memory on the SD card.
	SD Card
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	Price (£)
	9.99
	8.49

	Memory 
	64GB
	32GB

	Advantages 
	Has almost 3x the memory for a little amount of money
	Has extra memory.

	Disadvantages
	
	Can only hold 32GB 


[60] [61]
[bookmark: _Toc151029905][bookmark: _Toc155797022]Battery Selection
[bookmark: _Hlk151646582]The table below calculations work out the maximum current of the complete system. from this the battery selection can be made. 
	Sensor
	Maximum Current

	Air Temp
	20mA

	Humidity
	5mA

	Wind Speed
	15mA

	Wind Direction 
	15mA

	Air borne particle count
	75mA

	Sunlight brightness
	20mA

	UV positioning 
	20mA

	GPS
	40mA

	VOC
	6mA

	LED
	40mA

	Total
	256mA



The total current that will be used is 256mA this works out a 1 hour cycle. This will be multiplied to work out what it will be over a 14 day cycle.
[bookmark: _Hlk151646586]256mA x 24 hr = 6,144mA
6,144 x 14 days = 86.02Ah
Now that the system will need 86.02Ah to work in a14 day cycle, the battery can be selected. The table below shows which were selected. The battery will need to also be a 24V. LifePO4, was chosen because if its light weight and small size.
	Battery 
Selection
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	Model 
	AAIE
	24-100Xtreme
	Renogy
	LifePO4

	Price (£)
	600
	1,600
	619.99
	368.96

	Voltage
	24V
	24V
	24V
	24V

	Capacity
	100Ah
	100Ah
	100Ah
	100Ah

	Cycle life
	Over 2000
	Over 6000
	Over 3000
	Over 2500

	Weight
	24Kg
	23Kg
	21Kg
	18.8Kg

	Dimensions
	525x243x266 mm
	521x242x219 mm
	522x240x219 mm
	450x220x200 mm

	Advantages
	Average price, 
	Very long warranty, very good cycle life.
	Light weight compared to the others, average cost.
	Light weight, one of the smallest, and one of the cheapest.

	Disadvantage
	One of the most weight, large size.
	The most expensive, large size.
	Large size.
	


[62] [63] [64] [65]
[bookmark: _Toc151029906][bookmark: _Toc155797023]Task 3 Containment selection 
[bookmark: _Hlk151646598]The Nanuk 988 was selected for the size of the container, this can be made to have everything mounted on the container itself. Along with the Nanuk 988 there will be a mounting pole for the certain sensors. The LED, USB and SD pots are mounted on the external of the container. This is to help when gaining data in certain environments. This is listed below the container selection. 
	Container
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	Model 
	PELI 1510
	B&W outdoor case
	MAX520STR
	Nanuk 988

	Price (£)
	378.80
	304.16
	102.18
	541.66

	IP Rating
	IP67
	IP65
	IP65
	IP67

	Weight
	5.5Kg
	8.7Kg
	5Kg
	10.9Kg

	Dimensions
	552x279x193 mm
	660x490x335mm
	585x238x361 mm
	1060x436 x318 mm

	Advantages
	Mobile with wheels. Good IP rating.
	Mobile with wheels. Good IP rating. Good size
	Mobile with wheels. One of the lightest cases. Good IP rating. The lightest case. Cheap.
	Large size that can fit all equipment inside it. Mobile with wheels. Good IP rating.

	Disadvantages
	One of the smaller size cases.
	One of the heaviest cases. 
	Not the biggest case.
	Is the most expensive.


[66] [67] [68] [69]
[bookmark: _Toc151029907][bookmark: _Toc155797024]Containment fixing.
[bookmark: _Hlk151646603]With the portability of this system, there is a need for a pole to erected next to the Nanuk 988. This is to mount the sensors at a certain height. The sensors can be mounted before had and using the connectors, plugged in on site.
	Containment fixings
	[image: ]
	[image: ]

	Type of fixings
	Tripod RS PRO
	Neewer

	Price (£)
	18.22
	80.49

	Advantages
	Quick and easy to install and sensors can be remounted on the structure. Quite cheap.
	Heavy duty tripod that will be effected by the weather less than others.

	Disadvantages
	Might be effected the environment such as wind. 
	Quite expensive.


[70] [71]
[bookmark: _Toc151029908][bookmark: _Toc155797025]Task 4&5 – PCB design & Prototype software design.
[bookmark: _Hlk151646608]When designing the system, the first step is to take note of all the input and output signals. From this the schematic and flow chart can be completed. The schematic in this can is done proteus, and the PCB design is carried out on Easy PC. The following circuit will be broken down due to the different requirements for each.
	Sensors
	Input voltage 
	Output voltage 

	Air Temp
	24V
	0-10V

	Humidity
	24V
	0-5V

	Wind Speed
	24V
	0-10V

	Wind Direction 
	24V
	0-10V

	Air borne particle count
	24V
	0-10V

	Sunlight brightness
	24V
	0-10V

	UV positioning 
	24V
	0-10V

	GPS
	24V
	USB

	VOC
	24V
	0-5V

	SD Card
	3.3
	



[bookmark: _Toc155797026]Flow chart & Block diagram
[bookmark: _Hlk151646614]A flowchart is a visual representation used to illustrate the sequential stages of a system or process, breaking it down into easily understandable parts. Anticipating the process during system creation aids in the pre-emptively addressing potential issues, organising tasks chronologically, including decision points data handling and processes. [72]
A block diagram, employed in engineering high-level flowcharts, serves as a tool for enhancing existing systems or designing new ones. Unlike a flowchart that depicts a step of sequences, a block diagram illustrates the relationships between blocks. In the example below, the diagram showcases the connections among the microcontroller, sensors, memory storage, and communication. Arrows indicate the information flow direction, with boxes representing individual components. [73]

Start button
Stop Button
GPS
Green LED
USB
SD Card
Sunlight
UV
VOC
Humidity
Wind Direction
Red LED
Wind Speed
Airborne
Temp
Microcontroller
Comms
D/I
Memory Storage
D/O
A/I

















When examining the block diagram, the connection between the senor and memory collection it is illustrated in the flow chart format. This structure is replicated for each sensor, showcasing a continuous flow until the memory reaches full capacity, resulting in constant readings based on the timer.
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[bookmark: _Toc155797027]PCB Components
[bookmark: _Hlk151646630]Outlined here are additional components slated for connection to the PCB. The choice of IP-rated USB and SD card readers in deliberate to facilitate external connections, keeping the PCB untouched during regular use. By connecting these components to the PCB pins, a more secure environment is established, guarding against moisture infiltration into the containment. This approach eliminates the need to open the container, reducing the risk of potential damage to sensitive connections and the PCB.
	
	[image: ]
	[image: ]
	[image: ]

	Component
	USB  Buccaneer
	Micro-SD Card Reader.
	JST Crimp Pin Connector

	IP Rating
	IP68
	IP68
	N/A

	Price (£)
	20.46
	321.26
	8.99

	Cable length 
	3M
	N/a
	N/a

	PCB connections
	Yes
	Yes
	Yes

	Advantages 
	Able to be mounted on the exterior of the container.
	Able to be mounted on exterior of the container.
	Quick and easy to connect to PCB and components. 

	Disadvantages 
	Not board mounted. 
	Have to run wire inside of containment. 
	Can be brittle and break.


[74] [75] [76]







[bookmark: _Toc151029909][bookmark: _Toc155797028]Circuit diagram 
[bookmark: _Toc151029910][bookmark: _Toc155797029]Proteus 
The system was first designed in proteus for the schematic. [image: ][bookmark: _Toc155797030]6
[bookmark: _Toc155797031]9
[bookmark: _Toc155797032]8
[bookmark: _Toc155797033]7
[bookmark: _Toc155797034]4
[bookmark: _Toc155797035]5
[bookmark: _Toc155797036]3
[bookmark: _Toc155797037]2
[bookmark: _Toc155797038]1


[bookmark: _Hlk151646646]The schematic above illustrates what is needed for the system. The highlighted numbers and boxes are to show examples of what everything is. The first item that was worked out was the capacitor, Zener diode and resistor which is called a clamp. To work out the capacitor the formula below is used. 


[bookmark: _Hlk151646642]The capacitor works out to be 318.3nF with a 100Ω resistor and a 1M110ZS5 (D) Zener diode. The two tables below give details of the corresponding numbers on the Proteus schematic and the values for each resistor, and the calculations.


	Resistor
	Ω value
	Resistor
	Ω Value

	R1-
	10.5KΩ
	R15-
	100Ω

	R2-
	10.5KΩ
	R16-
	5KΩ

	R3-
	10.5KΩ
	R17-
	32KΩ

	R4-
	10.5KΩ
	R18-
	100Ω

	R5-
	10.5KΩ
	R19-
	100Ω

	R6-
	10.5KΩ
	R20-
	40KΩ

	R7-
	100Ω
	R21-
	100Ω

	R8-
	40KΩ
	R22-
	40KΩ

	R9-
	100Ω
	R23-
	100Ω

	R10-
	40KΩ
	R24-
	40KΩ

	R11-
	10.5KΩ
	R25-
	100Ω

	R12-
	100Ω
	R26-
	40KΩ

	R13-
	100Ω
	R27-
	100Ω

	R14-
	100Ω
	R28-
	100Ω



	No.
	Component
	Description

	1.
	-Wind speed
-Wind Direction
-Air Temp
-Humidity
-VOC
-Sunlight Brightness
	These sensors all have an input voltage of 24V and an output of 0-10V output. That means that a potential divider circuit will be needed. 



These calculation are then imported into the resistor table above.

	2.
	-UV
- Airbourne particulates 
	These sensors have an input voltage of 24V and an output of 0-5V. This means that the circuit will only require a clamp to help stop voltage spikes, helping protect the microcontroller. 

	3.
	-Voltage regulator
	A voltage regulator is used to reduce and maintain a fixed voltage output for the microcontroller. In this cause it is for a 5V output.

	4.
	-SD Card
	The voltage that is needed to power the SD card is 3.3V. With an input voltage at 24V a voltage potential divider is required for this circuit. The circuit also requires a Clamp to protect the Microcontroller from voltage spikes. From these calculation, the table above is populated. 




	5.
	-GPS
	With an input voltage of 24V the GPS sensor will use a USB interface to transmit data. This is mounted inside the portable case.

	6.
	-Start / Stop Buttons
	In this design it is required to have an off and start button.

	7.
	-USB
	The USB is supplied directly from the microcontroller. This is sued to transmit or transfer data collected from the sensors in a 14 day cycle.

	8 / 9.
	-LEDs
	There is a crystal oscillator in this circuit, this enables the LEDs to flash when in operation. When in normal operation it is specified that the green LED will flash through the 14 day cycle. When voltage is present but not in operation a red LED will be present.



From this layout and design it is then created in Easy PC. This software is used to design the PCB. In Proteus, the system can be tested to see if there are any aspects of the design that do not work. In this case everything work as expected.








[bookmark: _Toc155797039][image: ]Easy PC

[bookmark: _Hlk151646657][image: ]The depicted schematic diagram in Easy PC showcases the PCB layout. Easy PC is a program adept at transforming a schematic diagrams into a printable, tangible PCB. Without this software, this project could not be done in this format. The table below is the pin allocation utilizing Proteus as a template to seamlessly transfer the schematic to Easy PC. This table shows the which pins are being used and for what application.
	Pin Number
	Sensor / component

	1.
	Power / LED

	2.
	Wind Speed

	3.
	Wind Direction

	4.
	Air Temperature

	5.
	Humidity

	6.
	Not In Use

	7.
	Airborne Particles

	8.
	Not In Use

	9.
	Crystal oscillator 1

	10.
	Crystal oscillator 2

	11.
	Not In Use

	12.
	Not In Use

	13.
	Not In Use

	14.
	Not In Use

	15.
	Start button

	16.
	Stop Button

	17.
	VOC

	18.
	UV

	19.
	SD Card CLK

	20.
	Not In Use

	21.
	SD Card DI

	22.
	SD Card Vdd

	23.
	Not In Use

	24.
	GPS

	25.
	Not In Use

	26.
	USB Vcc

	27.
	USB +D

	28.
	USB -D






[image: ]Here is the PCB layout, utilising a multilayer desgin to handle various voltages, including a ground layer. Sensors are marked with their coreesponding voltages. Connection of sensors, USB, and SD card is achieved through the designated pins. The lay breakdown is as follows: the top copper layer corresponds to 24V, the inner copper layer is deicated to ground, and the bottom copper layer operates at 5V.
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When the copper pour is completed this is how the PCB looks, all the connections can be seen along with the components. The different colours are different layers being used. In the design above, the red connections are one layer and the blue is the lower level. 
[bookmark: _Toc151029913][bookmark: _Toc155797040]3D PCB design & Price
[bookmark: _Hlk151646690]Presented below is a 3D representation of the PCB suitable for sending to the manufacture for production, allowing for an accurate cost estimate for the entire system. this visual model provides an initial preview of the PBC’s appearance. Minimising the number of components on the board simplifies its design. This subsequently reducing the costs overall. However, its important to note that an external connections, installation requires carful attention to ensure all connections are securely tightened. 
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These are the bottom and top view of the 3D design. You can see the mounting brackets for the PCB, along with the different layers of connections.
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By using online manufactures and uploading the PCB design from Easy PC, a quick quotation can be given. In this case $2.43 is the price for the PCB. Manufactures will give discounts the larger the order. The screenshot below shows the price and what is selected. 
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[bookmark: _Toc151029915][bookmark: _Toc155797041]Task 6 - Prototype build costs
[bookmark: _Hlk151646707]Below is the complete breakdown of cost to implement this design.
	Components 
	Units
	Costs
	Total

	PIC
	1
	3.34
	3.34

	PCB build
	1
	2.43
	2.43

	SD Card
	1
	9.99
	9.99

	USB  Buccaneer
	1
	20.46
	20.46

	Micro-SD Card Reader.
	1
	321.26
	321.26

	JST Crimp Pin Connector
	1
	8.99
	8.99

	Air Temp
	1
	81.99
	81.99

	Humidity
	1
	244.94
	244.94

	Wind Speed & direction
	1
	460
	460

	Air borne particle count
	1
	509.00
	509.00

	Sunlight brightness
	1
	100.78
	100.78

	UV positioning 
	1
	800
	800

	GPS
	1
	54.95
	54.95

	VOC
	1
	209
	209

	LED Panel indictor
	2
	2.82
	5.64

	Button
	2
	34.48
	68.96

	Cable 5 core
	1
	90.03
	90.03

	Cable 3 core
	1
	80.58
	80.58

	Cable 1 core
	1
	15.48
	15.48

	Cable Fixings (Cable ties)
	1
	21.36
	21.36

	Cable Fixings (Cable ties)
	1
	14.56
	14.56

	Cable Connectors
	8
	43.20
	345.60

	Battery
	1
	368.96
	368.96

	Cable ID
	1
	105.84
	105.84

	Tripod / mast
	1
	18.22
	18.22

	Containment box
	1
	541.66
	541.66

	Steel Ground Stakes
	2
	13.95
	27.90

	Pole mounting kit
	6
	28.84
	173.04

	Waterproof brass lock
	2
	9.84
	19.68

	Total 
	
	
	£4,724.64



The cost with this design is £4,724.64, this is below benchmark set when researching other weather station systems. That system was approximately £6,400. There is added components and accessories in this budget to help with the installation of the system. The prices are effected by buying multiple packs, the bigger the amount the lower the cost. 
[bookmark: _Toc151029916][bookmark: _Toc155797042]Task 7 – Project improvements
Improvements for this project are as follows;
1. The weight and size of the battery is a concern, this will not help the portability of the system without wheels or multiple people. One improvement from this would be to do install a solar panel or wind turbine to reduce the size of the battery. Another possibility would to include a sleep mode for sensors when not in use, this would affect sample rates. If neither of these are suitable, there is the possibility of having two 12V batteries in series would reduce the weight.
2. To complete a test run to understand if the sample rates of the sensors work as intended. There is massive redundancy in the SD card if sample rates are increased.
3. A better mounting system where the case and mast are in the same unit where it can be as compact as possible. This will help with the implantation of the system in any environment.
4. Having a WIFI, Bluetooth or 5G connectivity interface instead of a physical connection would help when gaining data in bad weather conditions. Gaining data when raining and windy there is a possibility that the IP rating could be affected.
5. Add additional sensors for more data collection. Some of the readings of sensors would be combined depending on cost. 
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