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[bookmark: _Toc155966665]Introduction

Contained within this report is the design of a weather data logger to be used by amateur weather forecasters. Research has been carried out to see existing weather dataloggers on the market. From the use of reviewing existing dataloggers, a design could be carried out by researching different sensors on the market, and how they can be implemented together with the use of a PCB and microcontroller. Each sensor was specially chosen to be used before carrying out a schematic and PCB design that will be housed in a chosen enclosure. The product was required to be portable and read memory to a ROM (read-only memory) such as an SD card. With the scope of work that was given a fully portable weather datalogger was designed and documented within this report with detailed descriptions of sensors and the reasons for selecting them, the selection process of the microcontroller, the wiring of the PCB and the schematic diagram and the bill of materials for the whole project. A weather data logger is a great device for monitoring different conditions that can be present such as wind speed and direction, humidity and temperature, VOC levels in the atmosphere and airborne particles, UV levels and sunlight brightness and GPS to pinpoint the exact location of the datalogger. Weather dataloggers are beneficial as they can predict environmental hazards before they occur. This can cause people to prepare probably for potential bad weathers that may come or could simply be used to detect when rain is due for them to remove clothing from the line in the garden. 
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	Device -
	Intellisense MWS-C400
	ACCUR8 DWS7100 7-in-1 complete solar-powered
	Weather Data Logger PCE-FWS 20N

	Additional Info -
	Portable, Uses solar array and internal rechargeable batteries
Temp range of -40 to +60
	Weather console to easily read data
Solar powered, Temp range of -40 to +60, Max memory of 24 hours, 
	Backlit illuminated Display, adjustable alarms, Power Saving function, Solar panel

	Communication protocols -
	Wi-FI (cloud base logging)
	Wi-Fi
	USB Interface

	Price -
	Unspecified
	£299.99
	£159.60

	Measured Parameters -
	Temperature, Wind speed, Wind Direction, Barometric Pressure, Humidity, Precipitation, Angular Tilt, Lightning Distance
	Rainfall, Lux, Wind Strength, Wind speed, Wind direction, Temperature, Humidity, UV
	Temperature, Wind speed, Wind Direction, Humidity and Rainfall


Table 1 – Comparison table of existing data loggers



Table 1 shows different existing weather data loggers that are already on the market. Each datalogger has a wide variety of measuring parameters. The prices are reasonable for information that can be achieved from them. Wi-Fi is a common method of transmitting the collected data to devices or a PC. All dataloggers use solar power to keep the battery running for long periods where the devices will not be charged due to being left in remote locations. All these dataloggers are small and compact and therefore very portable which is great for the application that would be required for the amateur weather forecasters. Two of the three dataloggers have LCD screens on them which will not be required on the datalogger that is to be designed. This is due to the datalogger storing the collected data over the two weeks on an SD card. This data will then be transmitted to a PC via a USB cable for observation. 
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	Device -
	[image: A blue circuit board with white and black components
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Groove Digital Light Sensor [4]
	[image: A blue circuit board with several pins
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GY-30 BH1750FVI Light Sensor [5]
	[image: A purple circuit board with white text
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MAX44009 Ambient light sensor with ADC [6]

	Measurement Range - 
	0.1 to 40,000Lux
	0 to 65535 LX
	0.045 to 188,000 Lux

	Communication Method -
	I2C
	NXPIIc Communication Protocol
	I2C

	Price -
	£8.60
	£2.45
	£9.99

	Operating Range - 
	-40C to +85C
	Unspecified
	-40C to +85C

	Additional info -
	· 16 bit I2C digital output
	· Built in 16bit AD Convertor
· 3-5V Voltage Range
· Built ready for 5V microcontrollers
	· Operating Voltage of 1.7V to 3.6V
· ICC Operating current of = 0.65µA
· 22bit dynamic range
· Wide range of applications


Table 2 – Comparison table of Light Intensity modules



To monitor light intensity different modules were chosen to be compared shown in Table 2. Due to the range of the MAX44009 module, this was the chosen module. The range covers the range that’s acquired to be monitored. The operating voltage is within the voltage range that will be used. The module will be connected in the direct sunlight through a glass dome in the enclosure. 
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	Device -
	[image: A blue circuit board with white text
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Adafruit 2857 Sensiron SHT31-D Temperature & Humidity Sensor Breakout [7]

	[image: A blue and white electronic device
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Seeed Studio Grove – I2C High Accuracy Temperature Sensor [8]
	[image: A blue circuit board with black and white components
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BME280 I2C or SPI Temperature Humidity Pressure Sensor [9]

	Measurement Range - 
	-40°C to +125°C

	-40°C to +125°C

	-40°C to +85°C

	Communication Method -
	I2C interface
	I2C interface
	I2C or SPI

	Price -
	£14.11
	£4.49
	£10.75

	Operating Range - 
	-40°C to +125°C
	-40°C to +125°C
	-40°C to +85°C

	Supply Voltage -
	-2.4V to 5.5V
	5V or 3.3V
	1.71V-3.6V

	Additional info -
	· 8-pin DFN Package
· Average Supply current 5A
· Resolution = 0.015°C
· Fast start up and measuring time
· Accuracy of  0.3°C
	· High Accuracy of ±0.25 (typical) from -40°C to +125°C
· User selectable measurement resolution
· Compact Design
	· 2.8A Current consumption while monitoring humidity and temperature
· ±3 % relative humidity
· 1s Response Time


Table 3 – Comparison table of Temperature Sensor Modules



Within Table 3, different temperature sensor modules were chosen. The prices range from £4.49 to £14.11. Each of the sensors uses I2C with one of them using SPI too. The chosen module was the BME280 due to it being able to use SPI too. The voltage range is what was required and the temperature measurement range. The low current consumption is suitable for the datalogger.
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	Device -
	[image: A blue circuit board with white text
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Adafruit 2857 Sensiron SHT31-D Temperature & Humidity Sensor Breakout [7]

	[image: A close-up of a blue circuit board
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Digilent PMOD Hygro: Digital humidity and temperature sensor expansion module [10]
	[image: A small black and silver electronic device
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Honeywell Temperature & Humidity Sensor [11]

	Measurement Range - 
	0 to 100%RH

	Unspecified
	0 to 100%RH


	Communication Method -
	I2C interface
	I2C interface, PMOD or SPI
	Digital I2C or SPI

	Price -
	£14.11
	£12.91
	£9.99

	Operating Range - 
	-40°C to +125°C
	Unspecified
	-40°C to +100°C

	Supply Voltage -
	-2.4V to 5.5V
	3.3V or 5V
	3.3V or 5.5Max

	Additional info -
	· 8-pin DFN Package
· Average Supply current 5A
· Resolution = 0.015°C
· Fast start up and measuring time
· Accuracy of  2%RH
	· 14-bit measurement resolution
· Relative humidity accuracy of  2%RH
· Temperature Accuracy of  0.2°C
	·  3.0 %RH Humidity accuracy
·  0.5°C Temperature accuracy
· 650A in full operation mode and 1A in Sleep mode
· 14bit ADC Resolution


Table 4 – Comparison table of Humidity Sensor Modules



Table 4 shows numerous different modules to measure humidity. Each is great for what’s needed within the datalogger with suitable ranges and prices. Due to already using a module that can measure temperature and humidity in Table 3, that module will be used to cover both the measurements required. 
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	Device -
	[image: ]
1LPM Laser Particle Count Sensor Module
PM5000S [12]
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DF Robot Gravity: PM2.5 Air Quality Sensor [13] [14]
	[image: ]
Honeywell HPM Series Particle Sensor [15] [16]

	Measurement Range - 
	0 to 10,000,000 pcs/L

	0.3 to 1.0 μm, 1.0 to 2.5 μm, 2.5 to 10 μm
	PM 2.5, (PM10 in µg/m3 with additional programming)

	Communication Method -
	UART_TTL/IIC (3.3V/5V)
	I2C interface
	UART

	Price -
	Not specified
	£34.78
	£61.24

	Operating Range - 
	-30°C to +70°C
	-10°C to +60°C
	-30°C to +65°C

	Supply Voltage -
	5V
	5V
	5V

	Additional info -
	· Average working current of 250mA
· Resolution = 1pcs/L
· 1 second data refresh time
· 6 channel simultaneous particle number output
	· Maximum working current of 100mA
· Standby current: <=2mA
· Minimum recognizable particle size 0.3µm
· Response time of <1s
· Particle counting efficiency - 50 % at 0.3 μm and 98 % at ≥ 0.5 μm
	· Supply current of 80mA Max
· Response time of <6s
· Standby current: <=20mA
· 3.3V Power Output



Table 5 – Comparison table of Airborne Particle Modules



Table 5 is a comparison of different airborne particle monitor modules. Each of the modules was suited for the task with the correct operating ranges and measurement ranges. The chosen module is the Honeywell HPM Series. The price is a lot more than the others, and also specification isn’t as good as the DF robot particle sensor, but the UART communication method was required due to having too many I2C modules.
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	Device -
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DFROBOT SEN0175 – Ultravilot Sensor [17]
	[image: A blue electronic device with a hole
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UV Ultraviolet Sensor module [18]
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LTR390-UV Digital Ultraviolet Sensor I2C Direct UV Index Value Output [19]


	Measurement Range - 
	280-390nm and Sensitive to UVA + UVB

	200-370nm Wavelength
	280nm – 430nm

	Communication Method -
	Analog Voltage Output
	Analog signal output port
	I2C

	Price -
	£9.55
	£5.90
	£10.64

	Operating Range - 
	-20°C to +70°C
	-20°C to +85°C
	Unspecified

	Supply Voltage -
	5VDC
	3.3V to 5V
	3.3V to 5V

	Additional info -
	· Low Supply current of 300µA
· Low standby current of 0.1A
	· Less than 0.5 Response Time
· Working Current typical value 0.06mA, max value 0.1mA
	· Low noise interference
· Programmable upper and lower threshold
· Embedded ADC
· Compact Design


Table 6 – Comparison table of UV Level Sensor Modules



Table 6 compares different UV-level sensor modules. All of the modules were reasonably priced and had large measurement ranges to suit the datalogger's needs. The chosen UV sensor was the DFrobot Sen0175 module. The analogue output was a useful form of communication and also it has a low supply current of 300 µA and a low standby current of 0.1A.
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	Device -
	[image: A small square object with a black and white border
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Quectel L86-M33 GPS Module [20]
	[image: A small square white and green device
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Wurth Elektronik GPS Module [21]
	
[image: A blue circuit board with a white square and black pins
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Adafruit Industries 746 GPS Module [22]

	Measurement Range - 
	-165dBm (tracking)
	-148dBm Acquisition Sensitivity, -164dBm Tracking Sensitivity
	-145dBm Acquisition Sensitivity, -165dBm Tracking Sensitivity

	Communication Method -
	UART
	UART and I2C
	I2C

	Price -
	£9.56
	£33.84
	£39.82

	Operating Range - 
	-40°C to +85°C
	-40°C to +85°C
	Unspecified

	Supply Voltage -
	3.0V-4.3V
	3.3V
	3.3V-5V

	Additional info -
	· Low Power consumption
· Always Locate Technology
· 33 Tracking Channels
· Supply current of 100mA
	· 33mA current consumption
· 52 Channel with integrated patch type antenna connector

	· Track up to 22 satellites on 66 channels
· 20mA Current draw
· 


Table 7 – Comparison table of GPS Sensor Modules



Table 7 displays a comparison of different GPS modules. Each of the modules is suited for the application. The prices have a large range, from the cheapest at £9.56 and the most expensive at £39.82. The chosen module is the Quectel L86-M33. The module is the cheapest and with the necessary specifications for the datalogger. It has a large operating range and uses UART to communicate.
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	Device -
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Seeed Studio Grove – VOC and eCO2 Gas Sensor [23]
	[image: A blue circuit board with white connectors and a white connector
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Digital SGP40 VOC Gas Sensor [24]
	[image: A close-up of a purple circuit board
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AMS Module CCS811 VOC and eCO2 Sensor [25]

	Measurement Range - 
	TVOC- 0 ppb to 60000ppb / CO2eq – 400 ppm to 60000ppm
	0-1000 ppm
	Unspecified

	Communication Method -
	I2C Interface
	I2C Interface
	I2C

	Price -
	£14.95
	£16.20
	£14.38

	Operating Range - 
	-40°C to +85°C
	Unspecified
	-5°C to +50°C

	Supply Voltage -
	3.3V-5V
	3.3V-5V
	1.8V-3.6V

	Additional info -
	· Low power consumption
· High Sensitivity
· 1Hz sampling rate
	· <10s Response time
· Low Heat Dissipation
	· Track up to 22 satellites on 66 channels
· 26mA Current draw during measurement


Table 8 – Comparison table of GPS Sensor Modules



Table 8 compares three different VOC-level modules. Each of the modules has a wide range of functionality and are relatively similar prices. They all use I2C communication protocol and a low power consumption. The chosen module is the Seeed Studio Grove. This is due to the reasonable price, large operating range and large measurement range. 
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	Device -
	[image: A white and black wind vane
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Sky View RMY-05103 Wind Monitor [26]
	[image: A black round object with a round top
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WindSonic Solid State Wind speed and Direction sensor Ultrasonic Anemometers 1405-PK-301 [27]

	Measurement Range - 
	Wind Speed = 0-224mph
Azimuth=355° (5° open)
	Wind Speed = 0-60m/s (116 knots)
Wind Direction = 0-359°

	Communication Method -
	4-20mA current signal analog signal
	RS232, RS422, RS485, 0-5V or 4-20mA

	Price -
	Unspecified
	£1,479.00

	Operating Range - 
	-50°C to +50°C
	-40°C to +70°C

	Supply Voltage -
	8-30Vdc (40mA max)
	5-30VDC (5.5mA @ 12V)

	Additional info -
	· 0.6mph Wind speed accuracy
· + or - 3° Wind Direction
	· Wind speed accuracy of ±2%
· Wind speed response time of 0.25 seconds
· Wind direction accuracy of ±2°%


Table 9 – Comparison table of Wind Speed and direction modules



Table 9 shows two different wind speed and direction modules. Only one of the modules prices are available. They both have great measurement ranges and operating ranges suitable for the datalogger. The voltage ranges are suitable also. The chosen equipment was the wind sonic solid-state anemometer. The equipment will be measured using a 4-20mA analog signal.
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	PIC18F87J50 [28]
	PIC18F67J50 [29] 
	PIC18F97J94 [30]

	Family
	8-bit MCU
	8-bit MCU
	8-bit MCU

	CPU Type
	8-bit PIC MCU
	8-bit PIC MCU
	8-bit PIC MCU

	Max CPU Speed (MHz)
	48 MHz
	48 MHz
	64 MHz

	Operation Voltage
	(2-3.6V)
	(2-3.6V)
	(2-3.6V)

	 Temp Range
	(-40 to 85)
	(-40 to 85)
	(-40 to 85)

	Pin Count
	80
	64
	100

	Program Memory Size (KB)
	128 Flash
	128 Flash
	128 Flash

	SRAM
	3.8125 KB
	3.8125 KB
	3.771484375 KB

	Low Power
	Unspecified
	Unspecified
	Yes

	ADC Input
	12
	8
	24

	Max ADC Resolution (bits)
	10
	10
	12

	UART
	2
	2
	4

	SPI
	2
	2
	2

	I2C
	2
	2
	2

	No of USB Modules
	1
	1
	1

	USB Interface
	FS Device
	FS Device
	FS Device

	Max 8-bit Digital Timers
	2
	2
	4

	Max 16-bit Digital Timers
	3
	3
	4

	Hardware RTCC/RTC
	Unspecified
	Unspecified
	Yes


Table 10 – Comparison table of Different Microcontrollers


Table 10 is a comparison of different microcontrollers that could be used for the designed circuit. Each has the program memory size to cover what’s required, a large amount of CPU speed and Max ADC resolution that will cover the number of bits that will be measured. Each has different communication protocols that will be used within the design. The chosen PIC is the PIC18F87J50. This has many pins available, 12 ADC inputs and has room for expansion if ever needed in future. 
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Once the main components had been chosen, additional components had to be chosen to aid with designing the PCB, housing the PCB and additional components. Additional components also included switches, LEDs, cables and cable entry components. 
[bookmark: _Toc155966677]Cables
To wire between the female connectors that will be used to plug into the PCB and module-mounted male connectors 0.75mm tri-rated cable was used, and multiple colours were allowed for to build the datalogger. A 4-pair screened cable has been used to connect the wind speed and direction kit to the PCB.
[bookmark: _Toc155966678]Connectors 
ST Sales EH Connectors were used which will connect the modules to the PCB board. Each connector size that is required has been chosen and specified in the bill of materials using both male and female ends. Any Module that is to be mounted directly onto the board has been specified and shown in the PCB design in figure 7.
Connector sizes required were 1x 8-way connector, 2x 6-way connectors, 5, 2x 4-way connectors 2x 3-way connectors and 3x Two-Way connectors.
B8B-EH-A Male JS Sales Connectors – 8-pin connector used to be mounted on the PCB. The same model is used for all different pin sizes [31]
EHR-8 Female JS Sales Connector – 8-pin connector used to connect wires from the Module to the PCB. A female connector will be mounted on both ends of most of the leads for connection. [32]

[bookmark: _Toc155966679]Enclosure
The enclosure to be used will be a Hylec IP65 weatherproof GRP box that can withstand harsh environments. The enclosure size will be 250mm(Width) x 150mm(depth) x 350mm(height) which is suffice to house the PCB, two batteries and all of the modules. [33]
A glass dome will be mounted onto the top of the enclosure to allow the sunlight brightness and UV levels to be monitored. 
A 20mm IP68 stuffing gland will allow the 4-pair cable from the wind speed and direction sensor into the panel and onto the PCB. [34]
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An LED will be used to flash every 10 seconds while the datalogger is active due to a signal from the clock of the microcontroller. A switch was used to turn the datalogger on and off externally. The switch and LED will be IP-rated to adhere to the harsh environments it will be exposed too. The parts used were –
· RS PRO, Panel Mount Red LED Pilot Light, 22mm Cutout, IP65, Round, 24V ac/dc  [35]
· Sinolec Waterproof Round Rocker Switch, On-Off Single Pole [36]

[bookmark: _Toc155966681]PCB Modules
Different PCB modules had to be used for the components to be compatible with one another. As the voltage that was provided by the battery is 12V, modules had to be used to step down and regulate the voltage to voltages required by some of the sensors. Commonly needed voltages were 5V and 3.3V therefore the modules used were:
· RS PRO Switching Regulator, 5V dc Output Voltage, 6.5 → 36V dc Input Voltage – This was used to regulate 12V down to 5V. [37]
· RS PRO DC-DC Converter, 3.3V dc/ 303mA Output, 10.8 → 13.2 V dc Input, 1W, PCB Mount – This module was used to step down 12V to 3.3Vdc [38]
· Weidmuller Receptacle, USB, Type A, Panel, IP65 – For connecting a USB to the datalogger to read the data to a PC [39]
· Micro SD Memory Card Reader Module - Used will be used to store data onto an SD card over the 2 weeks. [40]

The PCB will be mounted on the back board of the enclosure. Using leads from connector plugs the other modules and sensors will be installed in the right locations within the enclosure. The PCB will be fixed down securely to ensure its safe upon transportation to other locations.

[bookmark: _Toc155966682]SD Card

Using the value in equation 1 an SD card was specified to be used of 32GB which was shock and waterproof to adhere to the harsh conditions if it ever got exposed to them. The memory size was more than what was required of the datalogger. [41]
[bookmark: _Toc155966683]Batteries

Multiple batteries were looked upon to be used for the project. The most common method was to use solar to ensure the battery was receiving charge from sunlight. Due to the uncertainty of sunlight, I went with a method of having two batteries in parallel which would cover the amps per hour required to run the datalogger over the 2 weeks. The calculation for the amp-hour is shown in Table 11.
The Batteries I went for are 2x 12V 30Ah LiFePO4 Lithium Battery – These batteries were put in parallel to give 60ah of battery life. Lithium batteries aren’t to be charged under 0 degrees therefore the solar option would not work with these batteries. The batteries are 6kg each therefore not too heavy to keep the device portable. [42]
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	Sensor
	Current Consumption

	Temperature and Humidity
	1.8uA at 1Hz

	UV Sensor
	300uA and 0.1A Standby

	Light Intensity/Brightness
	0.6uA

	Airborne Particles
	80mA and 20mA Standby

	GPS
	100mA

	VOC Levels
	Unspecified

	Windspeed and Direction
	49mA at 1Hz

	Total Amp Hours =
	229.3mA


Table 11 – Current Consumption of all sensors


Table 11 gives the current consumption of all the sensors running at 100% capacity over the 2 weeks. The figure calculated isn’t accurate due to the current consumption varying at different temperatures and at different frequencies of sampling. By calculating the total amp hours by 24 hours and 14 days we get 77Ahours of consumption. Due to all the sensors being put into sleep mode when not sampling the figure calculated will become down below what the capacity of the batteries are.
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Table 12 – Sensor resolutions, bits, bytes and sample rates


Table 12 was used to calculate the required memory of the SD Card. Each of the used sensors were placed within the table and were given ranges to calculate. The ranges were chosen based on real life ranges that the datalogger will potentially be exposed to while in use. With the use of the ranges the number of bits and bytes required could be calculated. Sample rates were chosen for each of the sensors based on how often the data will be collected. The storage needed for the SD was calculated using Equation 1. The data was stored for over 14 days.








Equation 1 – Calculation for the required ROM for selecting the SD Card







[bookmark: _Toc155966686]Microchip Pin Out

Using the datasheet of the microcontroller the pins required to be used for each sensor and additional modules were chosen. Selection was done by making sure the microcontroller had the required number of pins and the communication protocols required such as I2C, UART and SPI. Using Figure 1 allowed the pinout to be made which is shown in Table 13
[image: A computer chip with many small letters

Description automatically generated with medium confidence]Figure 1 displays the pinout from the datasheet. Each of the pins was configured to be used for the relevant sensor, module, or LED. In table 13 the pins were chosen that were required to be used. Each I2C port was occupied, UART as well as digital and ADC (analog-digital-convertor) pins. 80 pins were chosen due to having enough pins and enough room for expansion.Figure 1 - Microchip Pin out from datasheet
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Table 13 – Microchip chosen pins for each sensor and module



[bookmark: _Toc155966687][image: A yellow circuit board with red dots

Description automatically generated]Schematic designFigure 2 - Weather Datalogger Schematic Overview

Using a software called Easy PC a schematic diagram was designed shown in figure 2. Within the schematic are all the components connected to the chosen pins on the microcontroller. Modules such as the VOC level, Airborne particle, UV levels, 12-5V convertor, Wind speed and Direction will be connected to the PCB via connectors and then installed elsewhere in the enclosure. The batteries will also be connected via a connector.
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Figure 3 - Magnified image of the top left of the schematic
Within figure 3 is a magnified image of the top left section of the schematic. Within this section shows the 6- way connector for the light brightness which goes through a low pass filter before leading to the correct pin. The connection lines to the microcontroller within the schematic have over-voltage protection by using 3.4V Zener diodes. The micro-SD module and the pressure and humidity module are also shown in Figure 3.  The low pass filter values were calculated correctly with the use of the frequency cut-off chosen. 

[image: A computer screen shot of a circuit board

Description automatically generated]Figure 4 is a magnified image of the bottom left of the schematic diagram displaying the USB connector, airborne particle connector and the LED connector. The airborne filter goes through low pass filters before the pic to filter out any unwanted noise. The calculation to work out the needed RC values was done using Equation 2.







Equation 2 – Low pass filter for airborne particle monitor
Figure 4 - Magnified image of the bottom left of the schematic
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Figure 5 - Magnified image of the right side of the schematic
Figure 5 is a magnified image of the right side of the schematic diagram. Within this area is the 5-3.3V regulator. The GPS chip is also shown. There’s a 12V battery charging module that charges the battery using USB C. The 12-5V converter is connected via a 3-way pin connector and the VOC levels are connected via a 4-way pin connector.
[image: A yellow circuit board with red and yellow lines

Description automatically generated]Figure 6 is a magnified image of the bottom right of the schematic. Within this area of the schematic, the 3-way pin connector for the UV levels module is shown, with the Dataline going through a voltage divider, an RC set up for a low pass filter and over-voltage protection. The wind speed and direction module required a 6-way pin where an analogue signal for both sensors is given off, as well as a transmit and receive line. 
Figure 6 - Magnified image of the bottom right of the schematic diagram
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Description automatically generated]PCB Design
After the schematic was designed within Easy PC this could be translated to a PCB design as shown in figure 7. The tracks had to be drawn to connect each of the components. Within this PCB design, there are 2 layers to stop any tracks from crossing over each other and connecting with another net causing this system not to work. The red outline displays where the copper pour will be filled to connect all the 0V’s in the design. The green outline displays the board outline.


















Figure 7 - PCB design within Easy PC

[image: A computer screen shot of a circuit board

Description automatically generated] Figure 8 - PCB design within Easy PC magnified
Figure 8 is a screengrab of the PCB design within easy PC magnified. The connectors are all placed around the outside of the PCB to stop the possibility of damaging some of the passive components within the PCB.














[image: A red circuit board with black lines and dots

Description automatically generated]Figure 9 - PCB design within Easy PC with a copper pour in the circuit board
Figure 9 is the easy PC design with the copper poured on to the PCB which is the RED background displayed.
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Figure 10 - Manufacturing Cost of the PCB

Figure 10 shows the PCB design price to manufacture. The PCB design was converted into a Gerber file and uploaded to a manufacturing site to get a breakdown of the manufacturing costs of the PCB. [43]
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Table 14 contains the finalized bill of materials for the datalogger design. The table contains all the parts required and the labour cost. The final cost amounts to £2,135.34. The cost is higher than the dataloggers currently on the market but the quality of sensors within the datalogger are great and can withstand the conditions that the weather datalogger will be exposed to.





[bookmark: _Toc155966690]Suggested Improvements and Conclusion

The datalogger design was a good design with robust sensors used that can withhold the harsh conditions it would be exposed to. There are a lot of improvements that could be made to the datalogger if it were to be designed again. These improvements include the cost, where the users of this datalogger are amateur weather forecasters therefore cheaper sensors could’ve been used to bring the cost down lower. Secondly, the size of the datalogger could’ve been brought down to a smaller/compact size for ease of transportation. The data logger is still portable equipment but when compared to existing dataloggers, the size is marginally bigger than the others. Upon further review, mistakes were spotted within the tracking of the PCB design. These mistakes would be rectified and ensure that the PCB is designed correctly. Lastly, the sample rates of the sensor could have been slower on some of the sensors, this means that less current consumption could be used as the product could go into sleep mode more often. The product doesn’t need to be sampled as often as it does on some of the sensors due to the change of measurement being something that doesn’t happen frequently. In future when designing the datalogger a solar panel option would be looked at to keep the charge of the battery going during the duration of the 2 weeks. This will allow a smaller aH (amp-hour) battery to be chosen and that’ll be less weight on the datalogger making it a more portable device. Designing the datalogger allowed a lot of knowledge to be gained and to see what can be improved next time while carrying out a similar project. 
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Figure 11 - Cover of Honeywell Airborne Particle datasheet
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Figure 12 - Lithium Ion Battery datasheet
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Figure 13 - GPS Datasheet
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Figure 14 - Temperature and Humidity chip datasheet
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Figure 15 - Microchip Datasheet
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Figure 16 - Light Brightness Module datasheet
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Figure 17 - DF Robot UV Module Datasheet
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Figure 18- VOC Levels datasheet
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Figure 19 - Windspeed and Direction sensor datasheet
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Figure 20 - 24V LED Datasheet
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Figure 21 - 12V to 5V Convertor Datasheet
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e Ml st L86 Hardwaro Design

22. Key Features

‘Table 1: Module Key Features

Featuro Implementation
enss o GPsGLONASS
Power Supply ‘Supply votage: 30V~43V  typical: 33V

‘Acauisiton: 26mA @VCC=V_BCKP=33V (GPS)
Tracking: 22mA @VCC=Y_BCKP=3.3V (GPS)

‘Acauisiton: 30mA @VCC=V_BCKP=33V (GPS+GLONASS)
Tracking: 26mA @VCC=V_BCKP=3 3V (GPS+GLONASS)
‘Standby: 1mA @VCC=V_BCKP=33V.

Backup: 7uA @V_BCKP=3.3V

Power Consumption

'GPS L1 1575.42MHz C/A Code:

Racelver Type ‘GLONASS L1 1598.0625~1605.375MHz CIA Code

‘Acaquisiton: -148d8m
Re-acausilon: -16048m
Tracking:-16508m

‘Cold sart: 55 typ. @-130dBm.
Wam start: 55 typ. @-1300Bm
Hot sart: 15 yp. @-130d8m

TTFF (EASY enabled)

Cold start (Autonomous): 355 typ. @-1308m
Warm star (Autonomous): 30s yp. @-130d8m
Hot start(Autonomousy: 15 typ. @-13048m

TTFF (EASY disabied)

Horizontal Posiion
o <25mCEP @-130d8m

Accuracy (Autonomous) ¢

Max Update Rate Up 10 104z, 1Hz by default

Typical accuracy <15ns (Time service s ot supported)

Accuracy of 1PPS Signal oo

Velocty Accuracy Wiout aid:0.1mis
Acceleration Accuracy @ Wihout ai: 0.1mis®
© Maximum alttude: 18,000m
Dynamic Performance @ Maximum velocty: 515m/s Maximum
o Acceleration: 4G
© UART Port TXD1 and RXD1
ot @ Supports baud rate fom 4800bps to 115200bps, 9600bps by defaull

UART por is used for NMEA output, MTK proprietary commands.
Input and fimware upgrade

L86_Hardware_Design Confidential | Released Y
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Final data s

BME280

Combined humidity and pressure sensor

Bosch Sensortec.

'BME280: Final data sheet
Document evison
Document elease date.
Document number
Technical reference code(s)

© BOSCH

Invented for life

May 07", 2015
BST-8ME280-D5001-10
0273141185

ata in this document are subject to change without notice. Product
photos and pictres arefor llusraton purposes only and may dfer from
the eal product’s appearance.
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Part Number: SENO175

Description: Gravity: Analog UV Sensor (ML8S11)

INTRODUCTION

‘The ML8511 is a UV sensor, which is suitable for acquiring UV intensity indoors or
outdoors. iT is equipped with an interal amplifier, which converts photo-current to
voltage depending on the UV intensity. This unique feature offers an easy interface to
external circuits such as ADC. In the power down mode, typical standby current is 0.1A,
thus enabling a longer battery lfe.

‘This sensor detects 280-390nm light most effectively. This is categorized as part of the
UVB (burning rays) spectrum and most of the UVA (tanning rays) spectrum. It outputs a
analog voltage that s linearly related to the measured UV intensity (mWicm2). If your
microcontroller can do an analog to voltage conversion then you can detect the level of
w.

FEATURES

Photodiode sensitive to UV-A and UV-B
Embedded operational amplifier

‘Analog voltage output

Low supply current (30014A typ.) and low standby current (0.1Atyp.)

‘Small and thin surface mount package (4.0mm x 3.7mm x 0.73mm(0.16" x0.15" x 0.03"), 12-pin ceramic:
ar)
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GROVE - VOC AND ECO2 GAS SENSOR
(SGP30)

Description
‘The Grove-VOC and eC02 Gas Sensor-SGP30 s an ar quality detection sensor.This grove.
‘module i based an SGP30,we provide TVOC(Total Volatle Organic Compounds) and
COZeq output forthis module.

‘The SGP30 s a digital mult-pixel gas sensor designed for easy integration nto ai purifier,
demand.controlled ventiation, and 16T applications. Sensirion's CMOSens®technalogy
offes a completesensor system on a single chip featuring a digital 12C interface, 2
temperature controlled micro hotplate, and two preprocessed indoor air quality signals. As
the fist metal-oxide gas sensor featuring multple sensing elements on one chip the SGP30
provides more detailed information about theair qualy.
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Ultrasonic Wind Sensor
Aluminium Construction, Optional Heating System

Key Features

= Compact Wind Speed & Direction Sensor = Impact Resistance to UL2218 Class 1
= Hard Anodised Aluminium Alloy Construction = Solid-State - Maintenance-Free

= -40°C Operation (with optional heating) = NMEAOutput

= 1P66 Protection Class = Analogue Output (Optional)

Vibration BS EN 60945 : 2002

“The Gil WindSonic M utises Gis proven ultrasonictechnology tht has
an estabished perormance over many yearsof operation i the popular
Windsonic.

With an mpact esistat, conoson-re, hard anodised aluminium loy
housing ind optional heating ystem this wind senior s ecommended

for e n harsh envionmentalconditions and s partculary suted to both
marine and nd based installatons. The WindSoric M has no moving pats,
offeing mantenance-re cperation na wide range of appications.
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RS PRO, Panel Mount Red
LED Pilot Light, 22mm Cutout,
IP65, 24 V ac/dc
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Datasheet

RS Pro K78xxW-500R3 DC-DC Converter
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© Higheffciency up to 95%
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