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[bookmark: _Toc124179029]Abstract
In this report I will detail the design of a 14 day weather and air quality data logger, the purpose of this is to collect data from a range of sensors and store it so that it can be read later and erased later via USB connection. The system is to be reusable, last the full duration of the 14 day data collection period without needing to be recharged or provided with mains power. It will use various sensors to collect data on the following stimuli: temperature, humidity, wind speed, wind direction, air borne particle count, sunlight brightness, UV levels, GPS position, VOC level. There will also be a red LED light that will plash to indicate that the system is in use.

[bookmark: _Toc124179030]Literature Review
There are many types of weather measurement systems, from ones that measure one or two stimuli to those that measure 5, 6 and more, ones that simple and not so accurate home measurement systems to highly accurate and complex professional systems.
The prices vary depending on the accuracy, build quality and number of characteristics that are measured by the system. For example, a simple portable system may cost around £100 to £150 and will measure wind speed, wind direction, temperature and a few other basic characteristics with reasonable accuracy and may have an LED display screen to show these. Whereas a professional system can cost between $4000 to $10000 and more. 
	
	Simple Portable Weather Station
(ACCUR8)
[image: ]
	Professional Portable Weather Station
(Magellan MX600)
[image: ]

	Number of measured characteristics
	5
	9

	Accuracy
	Okay Accuracy
	Highly Accurate

	Build Quality
	Okay for basic use
	High quality build and can be used in harsh environments

	Cost
	A few hundred pounds at most
	A few thousand pounds

	Power Supply
	Solar powered
	High grade quick charging batteries

	Connectivity
	Requires devices to be on the same network to connect
	Can be connected to within a 2 mile radius




[bookmark: _Toc124179031]Component Selection
[bookmark: _Toc124179032]Microcontroller
The microcontroller selected for the acquisition system is a PIC 18F4550. This was selected for the following reasons:
· It has enough analogue and digital inputs for the required sensors.
· A clock frequency of 48Mhz so it is fast enough to be able to cope with carrying out the required data acquisition as often as needed.
· It has the required pins to be able to work with a USB.
· It is easy to program for the intended purpose.
The PIC chosen has 35 I/O pins which exceeds the requirements for the sensors selected. The system requires 11 analogue inputs for sensors, 1 digital input for a start button, and 4 digital pins for the SD card.
A parametric search tool was used to select an appropriate PIC controller.
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[bookmark: _Toc124179033]Casing
A Peli case was selected as it is weatherproof to all conditions that may affect the components and sensors within the weather monitoring system. The case is large enough to store all the components when not in use and is easily transportable to various locations due to the wheels and extendable handle. Although the case is large enough to store the components, it is small enough to easily store when not in use and to be able to transport in a small vehicle.
The dimensions are 51.7 x 39.2 x 22.9 cm
It can come with foam insert or slotted casing to fit and secure all components in to stop them moving when in transport. 
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[bookmark: _Toc124179034]Non-Volatile Storage
An SD card will be used for non-volatile storage for the system, a Yamaichi SD card interface will be used to allow the PIC controller to connect and write to the SD card.
The storage needed to obtain a full set of 14 day data is 0.57MB rounded up.
This is determined by the following requirements for each sensor over a 14 day period:
· Temperature: 1 Byte every 30 Seconds = 120 readings per hour x 336 total hours = 40320 Bytes
· Humidity: 1 Byte every 30 Seconds = 120 readings per hour x 336 total hours = 40320 Bytes
· Wind Speed: 1 Byte every 10 Seconds = 360 readings per hour x 336 total hours = 120960 Bytes 
· Wind Direction: 1 Byte every 10 Seconds = 360 readings per hour x 336 total hours = 120960 Bytes 
· Air Borne Particles: 1 Byte every 30 Seconds = 120 readings per hour x 336 total hours = 40320 Bytes
· Sun Brightness: 1 Byte every 30 Seconds = 120 readings per hour x 336 total hours = 40320 Bytes
· UV Levels: 1 Byte every 30 Seconds = 120 readings per hour x 336 total hours = 40320 Bytes
· GPS Position: 1 Byte every 15 Seconds = 240 readings per hour x 336 total hours = 80640 Bytes
· VOC Level: 1 Byte every 60 Seconds = 60 readings per hour x 336 total hours = 20160 Bytes
Total Bytes = 544320 Bytes, 0.54432 MB 
With a small amount of memory required to store the program, the requirement will increase but not significantly so. 
The smallest SD card available at a reasonable price is the Innodisk 128MB Class 6 SD card. It has plenty of storage for a single 14 day test and allows for potentially multiple tests to be carried out and stored on the same card. The SD card is SPI compatible.
Yamaichi SD card connector would also be needed to allow communication between the SD card and the PIC.

[bookmark: _Toc124179035]

Battery
A Varta V23GA battery was selected for this system, it is a 12V battery and has a 23GA capacity, making it more than capable of lasting the duration of the 14 day data collection period. The total amperage requirement of the circuit totals 876A over the course of the 14 day period. Cost = £3.19 per pack of two
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Temperature
	Sensor
	Thermistor
[image: ]
	Thermometric Sensor
[image: ]
	Digital Temperature and Humidity Sensor
[image: ]

	Type
	Thermistor - Analogue
	Thermopile - Analogue
	Digital

	Pros
	Comes with IP65 enclosure
Linear response
	Cheap
Easy to wire

	Linearised
Low humidity hysteresis
Small footprint

	Cons
	Expensive compared to some solutions
	Only comes in a bag of 1000
Low accuracy compared to other sensors
	8 Pins meaning more IO pins will need to be used

	Cost (per unit)
	£30.01
	£1.207
	£5.40


The Thermistor is the best option for this application, although the most expensive of the options, it already comes with IP65 protection that can easily be mounted to the exterior of the case if needs be. It also has a linear response, meaning that no compensation will need to be done in order for the controller to read the response accurately. The other sensors are good options but have too many drawbacks compared to the thermistor, for example, the Thermopile sensor is cheap and easy to wire for the circuit but has lower accuracy compared to the others and only come in a bag of 1000, meaning that although they are only £1.207 each, over a thousand would need to be bought, leaving the price at £1207 which is too expensive and leaves lots of unwanted components. The digital temperature sensor is accurate and relatively cheap, and also includes a humidity sensor, but requires far more pins that using one of each sensor. 
Humidity
	Sensor
	Honeywell HIH-4000 Series Humidity Sensor
[image: ]
	Humidity/Temperature Transducer
[image: ]
	Digital Temperature and Humidity Sensor
[image: ]

	Type
	Analogue
	Analogue
	Digital

	Pros
	Fast response time
Reasonably priced
Accurate to ±3.5 RH
	Fast response time
High sensitivity
High Stability
	Linearised
Low humidity hysteresis
Small footprint

	Cons
	Humidity needs to be calculated using equation from output voltage
	Expensive
	8 Pins meaning more IO pins will need to be used

	Cost (per unit)
	£33.36
	£128.95
	£5.40


The Honeywell sensor has been selected for the system, it is reasonably priced and has a fast response time. The main downside is that the humidity is calculated by putting the output voltage through a calculation and factoring in the temperature coefficient, although this can be done within the program relatively easily. The other options are the analogue combined humidity and temperature transducer and the digital combined humidity and temperature sensor, the analogue combined sensor is too expensive compared to the selected option, whereas the digital combined sensor is another good option and is cheap but requires far more IO pins.
Wind Speed
	Sensor
	Adafruit 1733 Anemometer
[image: ]
	Combined Wind Speed and Wind Direction
[image: ]
	

	Type
	Analogue
	Digital
	

	Pros
	Easy to set up
Works up to 156 mph
Relatively cheap
	Wireless
300m range
Accurate
	


	Cons
	Not as accurate as other models
	Expensive
	

	Cost (per unit)
	£45.18
	£154.76
	


The Adafruit 1733 anemometer was selected for the wind speed sensor. This is because it is easy to set up and install on the system and can measure speeds up to 156 mph which is easily in excess of what would be needed, it is also cheaper than other options. The combined wind speed and direction sensor would have been a good option but due to being wireless, it would be more complicated to set up and is more expensive than the Adafruit.
Wind Direction

	Sensor
	Combined Wind Speed and Wind Direction
[image: ]
	Depower Wind Direction Sensor
[image: A close-up of a microscope
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	MBET 110D-A Wind Direction Sensor
[image: ]

	Type
	Digital
	Digital
	Analogue

	Pros
	Wireless
300m range
Accurate
	Cheap
0.5s response time
	Accurate to ±3°
Good operating temperature range


	Cons
	Expensive
	8 direction outputs

	A little expensive compared to other options

	Cost (per unit)
	£154.76
	£45.09
	£110.54


The MBET 110D-A sensor was selected for this application as it is highly accurate to within 3°, it has a good operating temperature range and is in the middle of the two other options in terms of cost. The other options are the combined wind direction sensor is unviable is it is the more expensive option and with it being wireless, would need a lot more work to get working with the system that isn’t worth it compared the ease of the selected option. The Depower sensor, although cheaper, can only give 8 directions for the output, hence will give either N,S,E,W,NW,NE,SW,SE instead of 360°.
Air Borne Particle Count
	Sensor
	Sensirion – SEN54
[image: ]
	Tera Sensor
[image: ]
	Figaro TGS2600-B00
[image: ]

	Type
	Analogue
	Analogue
	Analogue

	Pros
	Also detects VOC levels
Accurate

	No need for calibration
Stable response
	Easy to wire
Reasonably cheap
Accurate

	Cons
	Needs mains power supply
	Expensive
Has unneeded aspects
	Needs to be calibrated every year

	Cost (per unit)
	£28.60

	£93.16
	£22.19


The Figaro TGS2600-B00 was selected for the weather monitoring system, although it needs to be calibrated every year, it is cheap and easy to set up and accurate. The other options for monitoring airborne particle count have good qualities but ultimately fall short, the Sensirion is ideal but requires mains power supply which makes it unusable as the monitoring system needs to be able to be moved and used where mains power will not be available. The Tera sensor is another good option but is too expensive due to the additions that are unneeded such as a tube sensor that can be used to capture samples.
Sunlight Brightness
	Sensor
	Grove Sunlight Sensor
[image: ]
	Pell0052 – Photocell Sensor
[image: ]
	Seeed Industrial Light Sensor
[image: ]

	Type
	Digital
	Digital
	Analogue


	Pros
	Reasonably cheap
Accurate
	Accurate
Good operating temperature range
	IP66 protection
Very good operating temperature range
Good accuracy and resolution

	Cons
	No available datasheet
	Needs mains voltage and 10A
	More expensive than other options

	Cost (per unit)
	£10.30
	£5.11
	£65.00


Although more expensive than the other options put forward, the Seeed industrial light sensor will be the best option, it has easy mounting capabilities already within the IP66 rated casing and is accurate and operates at a good temperature range. The other options are much cheaper, the Pell0052 requires mains power supply which means that it is unsuitable for this application, the Grove sunlight sensor is a good option but has no available datasheet or wiring diagram so would need to be worked out the pin allocation. 
UV Levels
	Sensor
	SI1145 UV Sensor
[image: ]
	Gravity – UV Sensor ML8511
[image: ]
	Waveshare UV Sensor – GUVA-S12SD
[image: ]

	Type
	Digital
	Analogue
	Analogue

	Pros
	Good operating temperature range
Wide sensor input range
	Good operating temperature range
Accurate
	Small Profile
Accurate



	Cons
	I2C output means harder to set up
	Made for an Arduino and would need to determine input and output signal wires
	Needs to be calibrated upon initial installation

	Cost (per unit)
	£9.60
	£11.46
	$7.89
£6.52


The Waveshare UV sensor has been selected for the weather monitoring system, it is the cheapest of the options and is easy to set up, although it needs to be initially calibrated, that isn’t much of a problem and can easily be done. The other options are slightly more expensive, although negligibly so, the SI1145 sensor is harder to set up and requires I2C channels to be used to communicate, which although isn’t a major problem, isn’t easy and straight forward compared to the selected sensor. The Gravity UV sensor is originally made for use with an Arduino, which is not ideal as it requires testing to determine the input and output cables as well as ensuring calibration is done.
GPS
	Sensor
	GPS-622F
[image: ]
	746 GPS
[image: ]
	Quectel L80-M39
[image: ]

	Type
	Digital
	Digital
	Digital

	Pros
	Antenna built in
Reasonably cheap
Accurate
	High sensitivity
Accurate
	Highly precise
Compact
Cheap

	Cons
	Requires two inputs, one for longitude and one for latitude
	Requires antenna
	Requires antenna

	Cost (per unit)
	£43.03
	£47.30
	£18.70


The GPS-622F is the chosen GPS as it doesn’t require an antenna and is reasonably cheap, it is accurate and reduces the overall cost as an external antenna is not required. The other two options both require an external antenna which requires extra work and expense to ensure it is set up correctly.
An antenna is required for use with some of the GPS receivers, an RS Pro antenna was selected to work with the receivers that can be mounted to the case. It costs £13.87.
[image: A picture containing cable, connector
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VOC Level
	Sensor
	Sensirion – SEN54
[image: ]
	PS1-VOC-200
[image: ]
	SCD41-D-R2
[image: ]

	Type
	Analogue
	Analogue
	Analogue

	Pros
	Accurate
Also detects air borne particle count
	Linear response
Accurate
Doesn’t use power
	Large output range
High accuracy
Low power operation

	Cons
	Needs mains power supply
	No wiring diagram
	60s response time

	Cost (per unit)
	£28.60
	£49.38
	£37.10




The SCD41-D-R2 has been selected for the VOC level sensor, this is because it has a low power consumption and high accuracy. Although the response time is relatively slow, it doesn’t need to be extremely fast due to how often readings need to be taken. The Sensirion option is accurate and cheap but requires mains power to work which is unviable due to the system needing to be transportable and able to work in a remote location with not mains power available. The PS1-VOC-200 is a good option, with a linear response and high accuracy, but with no wiring diagram available, it would be difficult to determine the connections of the component without potentially damaging it. 
[bookmark: _Toc124179037]Connectors
All of the connectors chosen are Lemo connectors with gold plated contacts. The connectors will only mate with their mating halves, so a 3 pin Lemo plug can only mate with a 3 pin Lemo socket, this ensures that connections from various sockets can not be mixed up if using different connectors. The plugs and sockets, once mated, can only be broken by pulling on the outer body of the connectors, meaning that if a cable was pulled, within reasonable force, such as a slight tug from the vehicle going over a bump, the plug and socket would stay firmly secured. 
The connectors have an IP50 rating, meaning that they are only suitable for use in environments where they will not be exposed to harsh elements such as water and dust. This is suitable for the application as they will plug in within the vehicle cab where they will not be exposed to the specified harsh environments. 
Although the connectors can be expensive, they are worth spending the money on as they are safe and secure, and ensure that connectors can not be swapped around and plugged in to the wrong place, which could potentially cause damage to the sensors if ones were plugged in the wrong way around.

[bookmark: _Toc124179038]Circuit Design
[bookmark: _Toc124179039]Proteus Circuit Design
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Clamp
To ensure that the voltages sent to the PIC does not exceed 5V, as this could damage the PIC. The clamp is created using a resistor, a capacitor and a Zener diode, by using a 5.1V Zener diode, this ensures that the voltage cannot exceed 5V.
[image: Diagram
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Temperature
The temperature sensor feeds input into a potential divider using two 10KΩ resistors, this means that the output from the sensor will be changed from an output range of 0-10V to a range of 0-5V which can be used by the PIC controller. A clamp is then used to ensure that no more than 5V can pass through to the PIC.

Humidity
The humidity sensor gives a voltage output in the range of 0-5V so only a clamp is required.
Wind Speed
The wind speed sensor gives an output of between 0-9V, in this case a potential divider is required to ensure the output to the PIC is between 0-5V, the resistors used are 9.5KΩ and 12KΩ. A clamp is then used to ensure the voltage level is safe for the PIC to use.
Wind Direction
The wind direction sensor gives an output of between 0-12V, in this case a potential divider is required to ensure the output to the PIC is between 0-5V, the resistors used are 12KΩ and 8.5KΩ to give the desired output. A clamp is then used to ensure the voltage level is safe for the PIC to use.
Air Borne Particle Count
The air borne particle sensor gives a voltage output in the range of 0-5V so only a clamp is required to ensure the output voltage is within the acceptable range.
Sunlight
The sunlight sensor gives an output of between 0-12V, in this case a potential divider is required to ensure the output to the PIC is between 0-5V, the resistors used are 12KΩ and 8.5KΩ to give the desired output. A clamp is then used to ensure the voltage level is safe for the PIC to use.
UV Levels
As the UV level sensor gives an output of between 0-5V, no potential divider is required and only a clamp is needed.
GPS
The GPS outputs are both digital and at a voltage output of 3.3V. This needs to be increased to make it 5V, this is done using an op amp circuit.
The 3.3V input is fed into the positive input node of the 741 Op Amp and the negative input feeds into the middle of two series resistors. The gain is calculated by the following equation . R1 and R2 being the upper and lower resistors respectively. The value of the resistors determines the gain of the output, to convert 3.3V to 5V, the resistor values are 3KΩ and 6KΩ. A clamp is then used to keep the voltage level at 5V to protect the PIC.
VOC
The VOC sensor also provides 3.3V output and requires the same op amp circuit as the GPS circuit to give the required top end voltage of 5V. Although as the VOC sensor is an analogue device, it will give an output range of between 0-5V instead of 0-3.3V. A clamp is then used to protect the PIC.
[bookmark: _Toc124179040]Power Circuit
[image: Diagram
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The power circuit is fed by a 12V battery, it is then split into 4 sub circuits that feed 10V, 9V, 5V and 3.3V to the main circuit. This is done by using a potential divider for each sub circuit, these work by using various value resistors which divides the voltage potential in each circuit to give the desired output. The outputs are given using the following resistors:
10V: R1 = 2KΩ, R2 = 10KΩ
9V: R1 = 9.5KΩ, R2 = 12KΩ
5V: R1 = 12KΩ, R2 = 8.5KΩ
3.3V: R1 = 10KΩ, R2 = 3.75KΩ
[bookmark: _Toc124179041]Easy PC PCB Design
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[bookmark: _Toc124179042]Easy PC 3D PCB Design
[image: A picture containing text, circuit, electronics
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[bookmark: _Toc124179043]The red blocks are shown as the devices are created components and not standard components within the EasyPC software.


PCB Order
For the PCB production, a quote was obtained from JLCPCB, as a minimum of 5 PCBs were required, that is what would have to be ordered. 
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[bookmark: _Toc124179044]Structure Diagram
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The above shows the structure of how the system will work. 
Readings are taken at the intervals specified below:
· Temperature: Every 30 seconds
· Humidity: Every 30 seconds
· Wind Speed: Every 10 seconds
· Wind Direction: Every 10 seconds
· Air Borne Particles: Every 30 seconds
· Sun Brightness: Every 30 seconds
· UV Levels: Every 30 seconds
· GPS Position: Every 15 seconds
· VOC Level: Every 60 seconds
These intervals were chosen as they give a detailed and more accurate representation of the weather conditions over a 14 day data collection period. 

[bookmark: _Toc124179045]Costings
PIC 18F4550 Microcontroller: £7.84
Peli 1560 Case: £401.71
TT531/10K3A1 Thermistor: £30.01
Honeywell HIH-4000 Series Humidity Sensor: £33.36
Adafruit 1733 Anemometer: £45.18
MBET 110D-A Wind Direction Sensor: £110.54
Figaro TGS2600-B00: £22.19
Seeed Industrial Light Sensor: £65.00
Waveshare UV Sensor – GUVA-S12SD: £6.52
GPS-622F GPS: £43.03
SCD41-D-R2 VOC Sensor: £37.10
Innodisk 128MB SD Card: £24.48
Yamaichi SD Card Connector: £2.01
Varta V23GA batteries (2 pack): £3.19
Lemo 3 Pin Plug (FGG.0B.303.CLAD52Z): £30.07 x 6 = £180.42
Lemo 3 Pin Socket (PHG.0B.303.CLLD52Z): £27.56 x 6 = £165.36
Lemo 4 Pin Plug (FGG.0B.304.CLAD52Z): £31.60 x2 = £63.20
Lemo 4 Pin Socket (PHG.0B.304.CLLD52Z): £27.42 x 2 = £54.84
Lemo 5 Pin Plug (FGG.0B.305.CLAD52Z): £31.93
Lemo 5 Pin Socket (PHG.0B.305.CLLD52Z): £34.25
RS PRO Red LED: £4.90

Total: £1362.22

[bookmark: _Toc124179046]Improvements
The system, by design would work well given the specifications although a few improvements could be made to increase the overall effectiveness of the system. For example better and more accurate sensors could be used in the system and wireless technology could potentially be utilised to increase the capabilities of the system and possibly send the data to a server or directly to the user instead of requiring the data needing to be taken from the SD card in person.
[bookmark: _Toc124179047]Conclusion
The system detailed in this report would be accurate and fully capable of performing all functions required of it over the full 14 day period. Some components are expensive, but are worth the cost as long as the system works as it is intended. There are some components that could have been cheaper or more expensive but the ones selected give the best chance and capability of the system working correctly and being up to the standard required in the specification. 
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