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Abstract

For this assignment the task was to design a microcontroller based 14 day weather and air quality logging system which included a range of 2D sensors, and was operated by a pic microcontroller. As well as the design of the system, part selection exercises were done before using easy-pc to do the PCB design exercises. The main data being collected by the system was stated to be;
· Temperature
· Humidity
· Wind speed
· Wind direction
· Air borne particle count
· Sunlight brightness
· UV levels
· GPS position
As well as these requirements, the system was required to be able to store all the collected data in a non-volatile memory source. For this an SD card was selected, a USB port was also required to connect the system to a computer for uploading data. The final requirement was for the system to be battery powered so it will be independent of the vehicles power supply.
Introduction
[bookmark: _GoBack]After doing some research it was difficult to find a complete package 14 day weather and air quality logging system which had the same capabilities as the system requirements for this assignment, due to this research was then done on systems which had the highest number of logable variables. The first thing found was that these are also difficult to find, and the most readily available versions tend to be reasonably priced and basic in operation, due to this three monitoring systems were selected to compare.
PREVIOUS EXAMPLES
WE800
The YSI - WE800 was the best available system on the market as it had the largest amount of different sensors as well as having the option to select more to add onto the system, this makes it the best available for recording multiple sets of data. Unlike the other systems this has the capability to test for several months due to the solar panel power extra add on. This system can be used in a variety of application environments, these include;
· Agriculture
· Education
· Environmental Studies
· Landfills
· Reclamation
· Wastewater Facilities
· Water Budget Analysis
· Water Conservation
The standard data sets are as follows;
· Wind Speed Sensor
· Wind Direction Sensor
· Temperature Sensor
· Humidity Sensor
· Solar Shield
As well as these base data sets, the following optional sensors can be added on to the system if requested.
· Barometric Pressure Sensor
· Solar Radiation Sensor
· Flat Surface Temperature Sensor
· Water Level Sensor
· Evaporation Pan
· Rain Gauge 6", Tipping Bucket
· Rain Gauge 8", Tipping Bucket
· Solar Panel (80mA)
· Solar Panel (350mA)
Unfortunately a price is not available online for this system, a full requirements list must be submitted to the supplier who then evaluates the request and issues a price. This example can be seen in figure.1
[image: ]
Figure.1
MWS-C400
MWS-C400 is the weather machine used by the US military, although they use a system with much higher quality in component and accuracy in measurement. The MWS-C400 is the commercially available version of this system, and has the ability to measure;
· Temperature
· Pressure
· Humidity
· Precipitation levels
· Wind speed 
· Wind direction 
· Lighting levels
The main drawback of this system when compared to the WE800 is that it is not as customizable as well as it doesn’t have as good of a range of sensors. The sensors used in the MWS-C400 are also not as accurate as the WE800. Like the WE800 the price of this system is available on request. This example can be seen in figure.2
[image: ]
Figure.2

PCE-FWS 20N
The PCE-FWS 20N is a standard weather station available on the market for commercial use, only costing 179 euro including VAT, it is reasonably cheap when comparing price for the system designed in this assignment. This system has the ability to measure;
· Temperature
· Humidity
· Air pressure
· Rainfall 
· Wind speed
Unlike the other two systems this has no options to add different sensors, but unlike the other two systems this has a built in screen which allows the user to access and browse information remotely without removing the system from its required location. Another downside to this system is the accuracy, an example being where the first two systems measure wind speed to 0.1 m/s, this system can only measure to +/-1m/s. also unlike the other two, this system has an alarm function, when an inputted parameter is met, an alert is sent to the user to let them know that the conditions outside are exceeding what has been set as safe within the system. This example can be seen in figure.3
[image: ]
Figure.3


Memory selection 
SD card port was also utilized to allow for maximum storage of data, this allows the memory to be whatever size needed to increase the record time from 14 days to longer if required. 
Sensor selection 
VOC/Airborne Particle Counter
VOC stands for Volatile Organic Compounds, these are a large group of chemicals which are contained in typical items used to clean/build homes [1]. These items give off gas which can have an effect on people’s health. There are three main types of VOC level sensors are photoionization detector (PID), a flame ionization detector (FID), and a metal oxide semiconductor sensor (MOS)[2]. The VOC sensor selected was a PID sensor, PID-AR5 Photo Ionization detector and has a detecting range of 0-200 ppm. The same sensor was selected for use to sense the airborne particle count.

TEMPERATURE
There are four of the most commonly used types of temperature sensors used in modern-day electronics [3]: 
· Thermocouples
· RTDs (resistance temperature detectors)
· Thermistors
· semiconductor based integrated circuits 
The temperature sensor selected was the PPC RTD, this is a Platinum Resistance Thermometer Resistance Temperature Detector with a 3mm probe, and the PN selected was PPC-3.0-S-100-3-B-2000 MM PT2320 FMPTU and has the following specs;
· 3mm probe
· Simplex
· 100mm NVC
· 3 wire
· 0.3degrees accuracy
· PVC INSULATED 6mm CABLE 
· 12 V OPERATION 
UV/SUNLIGHT LEVEL SENSOR
There are three main types of UV detectors which are as follows [4];
· fixed wavelength
· variable wavelength
· photodiode array detectors
The UV sensor selected for this was the ML8511 from Lapis Semiconductors, this is a photodiode array detector.
HUMIDITY SENSOR
Humidity is the term used to describe the amount of water vapor in the air [5]. There are three basic types of sensor used to detect humidity levels, these are as follows [6];
· capacitive sensors
· resistive sensors
· thermal sensors
The sensor selected for this system was the HPP801A031, this is a capacitive sensor manufactured by TE connectivity. 
WIND SPEED SENSOR
Wind speed is measured using anemometers, these come in many different types such as hot wire anemometers, vane anemometers, hot wire anemometers and pressure anemometers [7].
The sensor selected for this system was a hot wire anemometer.
WIND DIRECTION SENSOR 
Wind speed can be detected using wind vanes, anemometers and LIDAR [8]. Selected for this system was the WE570 Wind Direction Sensor wind vane from YSI. The wind moves the fin changing the internal resistance of the sensor and the output voltage, the PIC then reads the voltage and determines a direction from a preset. 
GPS
GPS stands for Global Positioning System, this is a space based radio navigation system that can pinpoints somethings global position to within a meter. [9]. The GPS selected was the GPS-13740 from mouser electronics. 
PIC SLECTION
After selecting all the sensors it was possible to determine the maximum requirements for the PIC, those are as follows;
· 8 analogue   input for sensors
· 2 digital	inputs for sensors
· Clock frequency 40Mhz
· 4 digital pins for SD card
· 4 pins for power
· 2 digital output for LED tell
· 1 digital input for start button
· 4 digital pins Vdd, Vss, D+, D-
· 28pins
· 8 analogue
· 9 digital I/O
· 4 power
· 1 USB
· 2 digital bits of debug
Using these requirements and the microchip selection tool on microchip.com it allowed for a suitable chip to be selected, this was the Pic18f24k50 as it included all the required I/Os plus it had capabilities to support an SD card and also a USB connection.
Connector selection
The connector selected were 3, 4 & 5 pole metal cased XLR with gold plated inserts, these connectors are extremely durable and come with a self-locking feature, and are also capable of supporting low voltage with the smallest wire supported being 24AWG. They are typically used in automotive, military and aerospace applications making them one of the best connectors available commercially for undertaking small connections with maximum of 5 wires. To ensure no cross connections a poka yoke exercise was done and the outcome determined that color coding would be an efficient enough system to achieve this as due to the nature of the sensors some can be connected wrongly and not affect the system, i.e. the suspension travel sensors. The color coding system will have 10 different colored heat shrink wraps positioned on the end of each connecting lead and the mating connector from the board. 
Solar panel and battery 
To power the system a 12V 7aH battery was selected from RS components aswell as a solar panel charging kit from amazon, this would be sufficient to run the system for longer than the required 14 days due to the recharging capability of the solar panels.
Casing selection
After extensive research a suitable case was not found which was able to cater for all the sensor requirements as well as environmental requirements, such as air access for the VOC sensor, then meeting the requirement of being water proof to protect the electrical components, as well as having enough structure and support to house the weather vane used to measure wind speed and direction. Due to these overlapping requirements a suitable case was not found or selected. Peli cases were considered but not found to be suitable enough to house all the components effectively, the main limitation for this selection criteria was airflow and structure. A possible idea for casing would be for a custom made box which would allow for housing all components, providing sufficient structure and airflow to allow the sensors to function efficiently.
METHOD
Shown in figure.4 is the chip view from the easy-pc design which was later translated to the PCB. Throughout the next section of the report are detailed snips of the circuit design with small descriptions for each. A full copy of the circuit design and PCB design are available in the zipped assignment folder.
[image: ]
Figure.4
Temperature sensor
The temperature sensor design is shown in figure.5, this utilizes operational amplifier to determine a voltage signal which is then transmitted through the clamp into the chip where a temperature is given from the voltage.

[image: ]
Figure.5
VOC / humidity / airborne particle Sensors
The VOC sensor, humidity sensor and airborne particle counter sensor shown in figures.6, 7 & 8 respectively are connected to a 5V power supply through pin 1 and ground through pin 3, the signal is then clamped at 5v to limit the voltage intake of the PIC to prevent damage.

[image: ]
Figure.6
[image: ]
Figure.7
[image: ]
Figure.8

Wind speed & direction sensors
The wind speed sensor is connected to a potential divider on pin one and a clamp on pin three to allow the sensor to read the speed of the weather vane. The wind direction sensor only requires a clamp on the signal, both sensors operate on 5v. these sensors are shown in figure.9 & figure.10.
[image: ]
Figure.9
[image: ]
Figure.10
GPS
The GPS connection is one of two five pin connection and utilizes serial data input and outoput through RX and TX respectively, due to TX being the data out to the PIC it requires a clamp on the signal. This can be seen in figure.11
[image: ]
Figure.11
UV Sensor
The second five pin connection is used for the UV sensor, this was connected following the pin configuration in the data sheet. Pin five was connected to a capacitor and the 5V supply, pin three was then connected to ground with a capacitor in parallel to pin four. The connections for this sensor can be seen in figure.12
[image: ] 
Figure.12

SD Card reader and USB connection 
The system requires an SD card reader to store the large amount of data recorded over time as well as a USB connection to allow the user to connect and download the data, as well as access the software on the PIC and sensor settings/calibration. These were done using typical off the shelf parts and the connections in easy PC are shown in figure.13.

[image: ][image: ]
Figure.13
Power button & LED indicator
One of the system requirements was an LED indicator which flashed every 10 seconds for 1 second to indicate operation, this was done by using a simple LED connected to a resistor. A push button was also added to turn the system on and off. These are shown in figure.14
[image: ]
Figure.14

Battery & 12V invertor 
A Lead Acid battery will be connected to a 5v convertor to supply the chip and most of the sensors. The battery itself will be connected to a solar panel to recharge the battery if needed. A 12V invertor is also connected directly to the battery, this is used for the temperature sensor. Both of these connections can be seen in figure.15.
[image: ][image: ]
Figure.15

PCB Design 
The PCB design was done using easy-pc. The circuit diagram was produced then translated to the PCB, the components are then added to the component bin ready for layout, each connection is added near the edge of the board with the chip in the center. There are two layers between the top and bottom copper which act as buses for the 5V power and 0V ground connections, this frees up space on the board and allows for less tracks making routing easier. This system requires a 12v + -12v supply, this was achieved by using a 12v invertor, and the positive and negative 12v carrying lines on the PCB schematic in figure.16 are shown as thicker lines. A color scheme is used to indicate the layer which the routing path are on, these layers are used to stop cross connections and are shown using red and light blue for top and bottom copper. Figure.17 shows the finished 3D PCB design with all components and tracks on it.
[image: ]
Figure.16
[image: ]
Figure.17


Costing
A basic costing exercise was done but found to be difficult  and table produced shown below;
	PURPOSE
	SENSOR
	QTY
	COST (£)
	TOTAL

	VOC
	PID-AR5
	1
	On request
	

	Airborne Particle
	PID-AR5
	1
	On request
	

	Temperature 
	PPC-3.0-S-100-3-B-2000 MM PT2320 FMPTU
	1
	49
	49

	UV
	ML8511
	1
	15
	15

	Humidity
	HPP801A031
	1
	7.52
	7.52

	Wind Speed
	MD0550
	1
	19.95
	

	Wind Direction
	WE570
	1
	On request
	



Improvements
During the exercises I have found many ways to improve on this process/design but the main three are;
· PCB arrangement could have been better, theres free space throughout which could have been utilized for passive components moving everything tighter reducing size
· Struggled to calculate memory size required as well as power consumption making battery selection as well as PIC selection difficult.
· Was unsure on how to house all the different sensors together in one case/housing, this made selection difficult.
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