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1. [bookmark: _Toc203126914]Abstract
This report outlines and records the processes used to develop the group project, including the design, manufacture and testing of a small-scale, air monitoring and filter system aimed at hobbyists and home applications. The write-up also includes additional project topics such as budget and group decisions.
The project aims to help and improve the environmental conditions of hobbyist workshops and other small-scale manufacturing setups by providing air quality monitoring and filtration. CB


2. [bookmark: _Toc203126915]Introduction
This report details the development of a compact filtration system to filter pollutants created in hobbyist and 3D printing environments. The product was designed to incorporate an ESP32, USB-C connection, a digital screen, and sensors for gas, temperature, and humidity. Regular team meetings, good documentation and team coordination were maintained throughout the project.
A prototype circuit was created where testing was performed. An enclosure was 3D printed in addition to having a PCB Manufactured.
Testing confirmed the functionality of the product, which proved a reduction in airborne pollutants and particulate matter. LS

2.1 [bookmark: _Toc203126916]Problem Statement
DIY is increasingly popular [1], with its’ popularity predicted to increase further. In this report, 3D printing will be discussed as an example of at-home DIY, however the concepts discussed can be applied to many other hobbyist equipment. 3D printing’s use is increasing across all demographics [2]; the key issue arising from this increased popularity is air quality [3]. Both FDM and Resin printers can produce emissions of Ultrafine Particles (UFP) and Volatile Organic Compounds (VOC) [4] [5]. SH
VOCs can be toxic both to the environment and to health. They can contribute to the effect of global warming and can contaminate groundwater if not filtered correctly [6]. If inhaled, VOCs can cause headaches, nausea, and breathing difficulties; some are carcinogens [7]. LS
UFPs can be equally dangerous, worsening symptoms of cardiovascular and respiratory disease [8]. Exposure has a high correlation to lung cancer, heart disease, and diabetes [9]. It can cause lung inflammation and has also been shown that children and pregnant women are more vulnerable to these emissions [10]. JT


3. [bookmark: _Toc203126917][bookmark: _Toc153190672]Literature Review
[bookmark: _Toc203126918]3.1 Problem Analysis 
Current solutions include ventilation control systems such as fume hoods or ventilated exhaust racks [3], which cannot be applied easily to an at-home scenario. Solutions also involve HEPA and carbon pellet filters [5]; however, these require two separate products, not being space or cost effective. There is a need for a portable, cheap, and easily implemented air filtration system which has the benefits of both filters. CB

[bookmark: _Toc203126919]3.2 HEPA filters	
An article by Dubey et.al. [11] looked at the effectiveness of HEPA filters in removing pollutants. It was found to greatly reduce the concentration of particulates in both general indoor air (GID) and candles and incense smoke (CIS), their results are shown below in Figure 1.
[image: A graph of different colored bars

AI-generated content may be incorrect.] [11]
[bookmark: _Toc203127009]Figure 1: Particulate concentration with HEPA filters on/off
Another study by the University of Melbourne [12] came to a similar conclusion that “portable air cleaning devices were very effective for removal of aerosols”. While the study was within a medical context, the theory can also apply to a workshop environment.
These filters are an efficient way to separate UFPs and dust from the air, removing up to 99.9% of these particles [13].
HEPA filters are typically rated to remove particles at sizes around 0.3 microns, however, can remove particles smaller and larger than this [14], by physically trapping particulates, shown in Figure 2. CB
[image: Picture 1046600695, Picture] [14]
[bookmark: _Toc203127010]Figure 2: HEPA filters removing particulates

[bookmark: _Toc203126920]3.3 Carbon Filters
The performance of activated carbon filters has been looked at: a peer-reviewed article from Savitribai Phule Pune University [15] studied charcoal filters’ effectiveness to combat indoor air pollution.  They found a “noticeable improvement in air quality” and suggested that in future, could be integrated into smart home systems [15], which could be in explored in this project.
These results are supported by findings from a study by Mondal et.al. [16] in which charcoal based activated carbon pellets had an adsorption efficiency of around 50%, and the highest surface area of the materials tested.
Carbon pellets have excellent adsorbent characteristics, allowing them to adsorb gases and chemicals through pores, either from a chemical reaction or physically trapping gas particles [17]. This process is shown in Figure 3. SH
[image: A white and grey spotted lizard

AI-generated content may be incorrect.] [17]
[bookmark: _Toc203127011]Figure 3: Carbon pellet adsorption of particles

3.4 [bookmark: _Toc203126921]Other alternatives
A study by Tseng et.al. [18] found that nanogold-silver, coated activated carbon filters were at least 15% more effective that uncoated filters in removal of pollutants. This cannot be easily implemented simply or cheaply to an everyday consumer product.
Other suggested filtration techniques include:
· UV technology – using UV lamps to disinfect the air
· Negative Ion technology – negative ions are generated, which attach to particles in the air
· Transparent PAN filter – uses polyacrylonitrile nanofibers		[19]
These each have difficulties in implementation in this context, including price, complexity, and range of effectiveness [20]. LS


[bookmark: _Toc203126922]3.5 Market Research 
Current solutions include a range of different modules, both plug-and-play and Do-It-Yourself (DIY). A selection of these can be found in Table 1 below [21] [22] [23] [24] [25].
[bookmark: _Toc203127062]Table 1: Current products on the market
[image: ]

The selected products available come at a range of prices and sizes; the more expensive lean towards industrial applications, while the smaller ones are focused on individuals. The products looked at are either air quality monitors or purifiers/filters. The AirWatch system uses a laser to detect particulate matter; meanwhile, the Amazon smart and Temtop monitors use sensors built up of different compounds [26]. An example of this is the MQ-135 sensor, which has an  ceramic tube and . These monitors also sense temperature and humidity, making them useful for a broad range of applications. JT
The filter systems are similarly priced, both have HEPA filters however the BentoBox also uses carbon pellets, which is good for absorbing VOCs. These do not have sensors or a monitoring system; they are manually turned on/off. Neither filter has a user interface, but the BentoBox has the option to connect to a device, such as a 3D printer, or can use an external power supply. This also has limitations, as it is specifically designed for 3D printers with enclosures, which reduces its versatility. JT


4. [bookmark: _Toc203126923]Initial Project Planning
[bookmark: _Toc203126924]4.1 Objectives 
The product is to be designed to the following specifications: 
· Air monitoring system with temperature, humidity, & quality sensing capabilities
· Display for each sensor readout
· Fans activate past a threshold of air quality
· HEPA & carbon filters, with easy replacement
· Low profile & discrete, quiet fans
SH
Potential further specifications:
· Scent options
· Wireless connectivity to other modules
· Touch Screen as a user interface
JT

[bookmark: _Toc203126925]4.2 Budget 
The following budget estimate was created before continuing, as shown below in Table 2:
[bookmark: _Toc203127063]Table 2: Budget plan
[image: ]

It’s important to add a budget tolerance to account for unexpected issues, such as supply chain disruptions or cost increases. This was done in addition to creating a budget for miscellaneous materials that may not have already been included. LS

[bookmark: _Toc203126926]4.3 Gantt Chart
At the start of the project, a Gantt chart was created to help the team stay on track and to have performance indicators. This ensures that everything is made on time and gives a clear project timeline. The Gantt chart is show below in Figure 4. CB
[image: ]
[bookmark: _Toc203127012]Figure 4: Project Gantt chart
As shown above, some timeframes are overestimated to allow time for technical delays or supply chain issues [27].  CB

[bookmark: _Toc203126927]4.4 Impact & Ethical Considerations 
This project aims to being to improve general/respiratory health [28]. The device does not provide any dangers to humans or society; it aims to improve the health of the users by removing dangerous chemicals and VOCs [29] CB. There are ethical considerations in the production, the enclosure will be 3D printed, which can generate microplastics, however, 3D printed items can be ground up and used to create new filaments, that are recyclable [30] [31] JT. Easily changeable filters and carbon pellets will be used, allowing filters to be replaced, extending the overall lifespan, and reducing waste CB. British products will be used where possible, to reduce the carbon footprint of the supply chain. The use of AI will be minimised, as AI models use large amounts of energy [32], and can reduce the work available for humans. SH
COSHH and WEEE regulations will be followed in the production environment, meaning the separation and proper disposal of hazardous chemicals and electronic waste. LS
The aim is to have a net benefit on society, as the reduction of harmful gases and particulates will improve the health of the users which will offset environmental impact from production [33]. LS

[bookmark: _Toc203125139][bookmark: _Toc203126928]4.5 Work breakdown structure
Before the project design was started, a Work Breakdown Structure (WBS) diagram was created to have a better understanding of the overarching tasks required for project completion, shown in Figure 5.
[image: ]
[bookmark: _Toc203127013]Figure 5: Work breakdown structure
The WBS allows for more clarity on each of the project's constituent parts and the work required in each of them and allowed a logical process to be followed. LS







5. [bookmark: _Toc203126929]Design
[bookmark: _Toc203126930]5.1 System Block Diagram
An initial block diagram was created to lay out the basic system of our project.
[image: A diagram of a system

AI-generated content may be incorrect.]
Creating this block diagram allows the project to be easily split into segments, where the technical aspects of each can be broken down. CB

[bookmark: _Toc203126931]5.1.1 System Breakdown
Fan control - The fans need a 12V supply, so a boost circuit is needed, controlled by the ESP32
Display – The display is powered via the ESP32 GDI interface
Sensors – The sensors are powered by the ESP32 and relay data back to it
Micro controller – The ESP32 receives input data from the sensors, processes it, updates the display, and determines if the fans must be turned on or not. It requires a 5V input, regulating down to 3V3.  SH

[bookmark: _Toc203126932]5.2 Initial Concepts
Based on the market research, a concept sketch was created. This features a tray for the activated carbon, with the HEPA filters behind it, a screen on top and two fans to pull air through the purifier. The filters will slide in and out for easy replacements and are covered by a magnetised panel. There will be room for a PCB in the bottom. The basic diagram is shown in Figure 6. SH
[image: Diagram of a diagram of a house

AI-generated content may be incorrect.]
[bookmark: _Toc203127014]Figure 6: Concept sketch SH

A logo was created for the product, to better understand and visualize the brand concept, and allow continuity across different elements, by including the logo on each. The logo is shown in in Figure 7, and its’ inclusion to the final product in Figures 8 and 9. CB
[image: A logo with a circle and text

AI-generated content may be incorrect.]
[bookmark: _Toc203127015]Figure 7: VentraClear logo CB

[image: ]
[bookmark: _Toc203127016]Figure 8: VentraClear logo on the PCB
[image: ]
[bookmark: _Toc203127017]Figure 9: VentraClear logo on the enclosure

A CAD model shown in Figure 10 was created as a basic visualisation of the product. Allowing for easier design and communication across group members, as each had an idea of the final product. JT
[image: A screenshot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc203127018]Figure 10: Initial CAD concept model JT


[bookmark: _Toc203126933]5.3 Circuit Design & Hardware Research
[bookmark: _Toc203126934]5.3.1 Components 
PCB
The ESP32-E was selected as it provides opportunity for future development. It has Wi-Fi capability, allowing integration to networks using Wi-Fi [34]. It has lots of documented support, making development easier. It runs on 3.3V, so a linear regulator was added reduce the USB-C 5V down to 3.3V, with capacitors on the input and output improving stability and transient response JT.
 LEDs with current limiting resistors were added to indicate power and code outputs. A reset circuit was added to the reset pin, which charges the capacitor to 3.3V, and the resistors pull the reset pin high. When the button is pressed, the capacitor discharges (at the rate of the RC time constant) and the reset pin is pulled low, resetting the micro. The schematics are shown in Figures 11-13. LS
[image: ]
[bookmark: _Toc203127019]Figure 11: ESP32 schematic
[image: ]
[bookmark: _Toc203127020]Figure 12: LED and reset circuit schematic
[image: ]
[bookmark: _Toc203127021]Figure 13: 5V to 3V3 linear regulator

The ESP32 also can communicate through GDI which makes connecting other modules, such as an LCD display far simpler. The schematic is shown below in Figure 14 [35]. SH
[image: ]
[bookmark: _Toc203127022]Figure 14: GDI connector schematic

USB-C was selected as it is an industry standard across many devices [36]. It has 5.1k pull-down resistors for USB detection and power negotiation. It also uses a driver circuit using a CH340k, which controls reset and boot mode selection between the USB-C and ESP32, shown in Figure 15. CB
[image: ]
[bookmark: _Toc203127023]Figure 15: Schematic of USB-C circuit

The boost convertor is made with an inductor, N-channel MOSFET, diode, and the load. It boosts the 5V to 12V for the fans. The MOSFET's frequency is generated from the ESP32 PWM pin. The circuit has a potential divider to make a lower voltage for the microcontroller to read, acting as feedback for the output voltage of the boost. This allows the micro to adapt the frequency to keep a constant 12V. In series with the load is a low-side switch, used by the microcontroller to switch the fans on and off. The schematic is in Figure 16 below. JT
[image: ]
[bookmark: _Toc203127024]Figure 16: Schematic of boost converter circuit
Output devices
The output devices include 2 Noctua fans, a 3.5-inch LCD touchscreen display, and sensors. The fans selected were Noctua since they are known for being low noise. The 3.5-inch LCD was selected due to the size of the box. With a smaller screen, it would have looked out of place. Since the LCD has touchscreen capabilities, there are possibilities in the future for a touchscreen user interface. [37]The MQ-135 sensor was selected as it works at the USB-C input voltage and senses gases, alcohol, benzene and smoke. A DHT22 sensor was selected to reliably read the temperature and humidity values. CB

[bookmark: _Toc203126935]5.3.2 Circuit Block Diagram 
The diagram below in Figure 17 shows the basic circuit block diagram, which allows us to break them down into further steps, while knowing what parameters must be met. CB
[image: ]
[bookmark: _Toc203127025]Figure 17: Circuit block diagram CB


6. [bookmark: _Toc203126936]Development
6.1 [bookmark: _Toc203126937]Electronics, Circuit Design & Simulation

[bookmark: _Toc203126938]6.1.1 Circuit Breakdown:
The simplest method of providing 12V is a 12V DC wall adapter and use a linear voltage regulator to provide 5V for the ESP32. However, the team decided to use USB-C, to make it easier for the customer to replace the cable if it got lost or damaged, also reducing the risk of damage if they used a wall adapter that was not capable of supplying the current needed, or supplied too high a voltage. JT
The low side switch is a simple circuit, needed as the fans still run weakly when the PWM signal from the ESP32 was turned off (due to 5V being across them, not 12V). This switch will be controlled by a GPIO pin on the ESP32. LS

[bookmark: _Toc203126939]6.1.2 Boost converter design 
To design the boost converter, the following design parameters were defined.
· Vin – 5V
· Vout – 12V
· Iout – 160mA each fan runs at 80mA
The maximum frequency of the PWM pins on the ESP32 is 40Mhz [38]. When choosing a frequency to work at, higher is better, allowing smaller parts to be used [39].
As the frequency can be changed, and so can the duty cycle arbitrary values of 500Khz, and 50% were chosen, to allow other calculations to be completed. CB

Component selection
Capacitor value was selected using Equation 1 below. 
[bookmark: _Toc203127059]Equation 1: Equation to calculate capacitor value in Boost circuit


With D being the duty cycle, fs being the frequency, this gives a minimum value of 13nF. However, during simulation, the small resistor had an too ripple on the output, as seen below in Figure 18.SH
[image: ]
[bookmark: _Toc203127026]Figure 18: Ripple caused by capacitor value in the boost circuit SH

To decrease this to a reasonable value, the capacitance was increased to another standard value we had available, of 10uf, the results are shown below in Figure 19. SH
[image: ]
[bookmark: _Toc203127027]Figure 19: Output from the boost converter simulation SH

The inductor value was calculated using Equation 2 below, where IL = 
[bookmark: _Toc203127060]Equation 2: Equation to calculate the inductance value
 [40]
 so using 0.4, and Iout as 200mA, Iout = 192mA. This is rounded to 200mA for a better safety margin. Using this data, the inductor value is 29.16uH. An inductor value of 22uH was used, as there was a standard E6 value inductor readily available. LS
The diode must be able to handle the reverse voltage applied and the peak current. It must also be a fast-switching diode. The diode picked was a 1N5817, as it was available to order in small quantities for a low price, and fast to ship. It has a peak inverse voltage of 20V, a forward current of 1Amp, and is a fast switching diode [41]. JT
The switching device had to be capable of switching at 500kHz and be in saturation at 3V3. For this, a IRLZ34N logic-level power MOSFET was chosen, which can switch at over 500Khz, has a low gate capacitance (880pF), a low gate threshold voltage(1-2V), and is saturated when operating at 3V3 [42]. It was the only one available that had a low lead time and was able to be purchased in small quantities. CB

[bookmark: _Toc203126940]6.1.3 Simulations
A basic circuit diagram was created for testing, shown in Figure 20. The IRLZ34N is not on LTSpice by default, so a .lib file was found, and a symbol created using a SUBCKT model line. The V1 supply mimics the 5V from the USB-C, and V2 mimics the PWM 3V3 from the ESP32, with a 62.5% duty cycle, which was found to give 12V output. However, due to parasitics, the duty cycle may need to be tweaked. The 75 Ω resistor was used to simulate the load of the fans. CB
[image: A diagram of a circuit

AI-generated content may be incorrect.]
[bookmark: _Toc203127028]Figure 20: Simulated circuit CB
Figure 21 shows the output voltage in green, the blue trace shows the power dissipation of the MOSFET, which peaks briefly at 44W, still below its max, but in typical usage bounces between 0-8W. JT
[image: ]
[bookmark: _Toc203127029]Figure 21: Simulated results of output voltage and power JT

[bookmark: _Toc203126941]6.1.4 USB-C implementation 
The USB-C power circuit required some extra circuitry around it. As the product draws over 500mA some USB-C negotiation was needed because as default, USB-C will supply 500mA@5v [43]. To negotiate a higher current, a set voltage must be read on the CC1 or CC2 pins of the USB-C header. The wall power supply is the DFP (downward facing port [43]) and has resistors on its CC1/2 pins, and complementary resistors must be added to our USB-C, which is the UFP (Upward facing port [43]),CC1/2 pins to create a voltage divider, reading between roughly 0.9V and 1.7V (for 1.5A or 3A). To do this, 5.1kΩ resistors were added on the pins, going to ground [43].  CB

[bookmark: _Toc203126942]6.1.5 Low side switch
The low side switch shown in Figure 22, uses an N-Channel MOSFET, with two resistors. The MOSFET was the same as we used in the boost converter, to save on buying extra parts. R2 (12kΩ) is a pull-down resistor, to make sure that the ESP32 pin was dropped low when it was off, turning the MOSFET fully off. R3 (120Ω) was used to ensure the MOSFET was fully turning on when the ESP32 pin went high. LS
[image: A diagram of a circuit

AI-generated content may be incorrect.]
[bookmark: _Toc203127030]Figure 22: Low side switch simulation LS

[bookmark: _Toc203126943]6.1.6 Prototyping 
To test these circuits, they were laid out on Veroboard, tested first using a lab power supply, and then a USB-C cable with a USB power monitor attached. This is shown in Figure 23 below .SH
[image: ]
[bookmark: _Toc203127031]Figure 23: Veroboard testing with oscilloscope and bench power supply SH

Before powering the boost converter from USB-C, it was tested to ensure it could draw over 500mA. This was done using an electronic load, set to 5V 1A, which the USB-C was able to supply, verified by both the electronic load, and the USB power monitor. JT
The boost converter was tested first using a bench-top power supply, limited to 5V 1A , and a signal generator to mimic the ESP32 (square wave signal, 3V3, offset 1.65V, 500kHz, duty cycle 62%). An oscilloscope was used to measure the output of the boost converter, shown in Figure 24. SH
[image: ]
[bookmark: _Toc203127032]Figure 24: Oscilloscope output of the boost converter SH

The full system was then tested. The ESP32 controlled the low-side switch and provided a PWM signal to the boost converter. Functionality was confirmed by toggling the fans, adjusting PWM, and reading sensor data via the screen. Voltage readings showed a stable 12V output with ~0.5V ripple. CB
[image: A white device with a screen and buttons

AI-generated content may be incorrect.]
[bookmark: _Toc203127033]Figure 25: USB power monitor CB
[image: A computer with wires on a table
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[bookmark: _Toc203127034]Figure 26: Full prototype testing CB

[bookmark: _Toc203126944]6.1.6 Safety considerations
The product uses low voltage and the USB-C plug itself is fused. It is limited to 1.5A via the CC pins and plug. There are safety considerations when building and prototyping JT. While soldering, there is exposure to burn threats from the iron, respiratory issues from solder and flux fumes, and sharps related injuries from tools. To mitigate this, each team member completed a relevant risk assessment and employed all mitigations, including using extraction fans and ensuring no-one was working alone in case of injury. CB

[bookmark: _Toc203126945]6.2 Additional Peripherals
A pinout diagram of the ESP32 was made on excel to better visualize and wire the prototype board, shown in Figure 27 below. SH
[image: A screen shot of a device
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[bookmark: _Toc203127035]Figure 27: Pinout diagram of the ESP32 SH
[bookmark: _Toc203126946]6.3 Coding & Software
[bookmark: _Toc203126947]6.3.1 Flow Chart
Before any coding was started, a flow-chart was created to understand the logical flow of the system. This is shown in Figure 28. SH
[image: A screenshot of a diagram
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[bookmark: _Toc203127036]Figure 28: Coding flow chart

[bookmark: _Toc203126948]6.3.2 Setting up 
The code was made modular for better organisation, easier debugging, and greater efficiency. To start the code, all variables, functions and libraries etc. had to be defined, shown below in Figure 29. JT
[image: A screenshot of a computer program
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[bookmark: _Toc203127037]Figure 29: Code defining variables, functions and libraries

This defines each input and output pin, and sets the values for the PWM channel, as well as initialising the screen. Below, Figure 30 shows the setup code, which includes the loading time for pins and PWM to initiate, assigning the pin functions, and displaying the icons and title. LS
[image: A screenshot of a computer program
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[bookmark: _Toc203127038]Figure 30: Code with the initial set up function
For the main program loop, it had a refresh rate of 5 seconds. It obtains the gas, temperature, and humidity values, then outputs them to the screen. It compares the gas ppm values to the threshold set at 800ppm, at which point it will turn the PWM on to control the fans, which then only turns off when it goes below 750ppm, ensuring it doesn’t immediately turn off, shown in Figure 31. SH
[image: A screenshot of a computer program

AI-generated content may be incorrect.]
[bookmark: _Toc203127039]Figure 31: Code of the main function loop

[bookmark: _Toc203126949]6.3.3 Fan Interfacing
The fans are turned on and off using the PWM output on GPIO pin 12 of the ESP32. When on, it sets the duty cycle to 10, as with a 16-bit resolution, this makes the duty cycle around 60%, using Equation 3 (Vin = 5V, Vout = 12V, Efficiency = 80%).
[bookmark: _Toc203127061]Equation 3: Calculating PWM duty cycle value
   [40]
The code in Figure 32 shows how the duty cycle is set at 10 when the fan_on() function is called and then set to 0 in the fan_off() function. CB
[image: A computer code with black text

AI-generated content may be incorrect.]
[bookmark: _Toc203127040]Figure 32: Code of the fan on and off function

[bookmark: _Toc203126950]6.3.4 Sensor Interfacing
The sensors were communicated with by reading the value on the pin they were each connected to. For the gas sensor, this was done with the analogRead() command, while the temperature/humidity sensor used a dht22 library, shown in Figure 33.
[image: A computer screen shot of text
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[bookmark: _Toc203127041]Figure 33: Code to retrieve sensor values

Their values are displayed to the screen as shown in Figure 34 below, with the units printed separately to keep them from moving if the number of digits change. CB LS JT
[image: A screenshot of a computer code
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[bookmark: _Toc203127042]Figure 34: Code to display the sensor reading values and units

[bookmark: _Toc203126951]6.3.5 Screen’s User Interface
The user interface of the screen was designed to be simple, and easily readable. A rough sketch was created first, which could then be used as reference when coding, this can be seen below in Figure 35. SH
[image: A screenshot of a weather forecast
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[bookmark: _Toc203127043]Figure 35: Mock-up of the screen display layout

A function to draw a curve was created, where the start, end, and middle coordinates were given, and an array of circles are generated along the line plotted. This was used in many of the icon displays and is shown in Figure 36. SH
[image: A white background with black and blue text
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[bookmark: _Toc203127044]Figure 36: Code to draw a curve on the screen

The icons created were a leaf, two water droplets, and a thermometer, for gas particles, humidity, and temperature respectively, their creation is shown in Figures 37-39. SH
[image: ]
[bookmark: _Toc203127045]Figure 37: Code creating the leaf icon
[image: A screenshot of a computer
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[bookmark: _Toc203127046]Figure 38: Code creating the thermometer icon
[image: A computer screen shot of a computer code
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[bookmark: _Toc203127047]Figure 39: Code creating the humidity icon


[bookmark: _Toc203126952]6.4 Hardware & Mechanical
The box was designed in 3 layers and printed on a BambuLabs X1C 3D printer in ABS. ABS was selected as it is impact resistant and can withstand higher temperatures compared to other filament alternatives [44]. JT
The final CAD model, based off of the dimensions of the fans, filters and screen is shown in Figures 40 and 41.
[image: A grey box with a hole in the middle
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[bookmark: _Toc203127048]Figure 40: Complete CAD model
[image: A grey box with a open lid
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[bookmark: _Toc203127049]Figure 41: CAD model showing each element

The final printed box is shown in Figure 42 below
[image: A black box on a table
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[bookmark: _Toc203127050]Figure 42: 3D printed enclosure

The Top of the box has a cutout designed for the screen to fit inside and be flush to the surface, shown in Figure 43. LS
[image: A black square frame with a blue logo
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[bookmark: _Toc203127051]Figure 43: Top panel of the enclosure

The Central section is split into three: the fan mounts, carbon filter and HEPA Filter. The fan mounts are designed to take two Noctua fans with M3 heat set inserts to bolt them in. The HEPA filters are slid along guide rails inside of the box, kept flush with the mesh, shown in Figure 44 below. JT
[image: ]
[bookmark: _Toc203127052]Figure 44: Internal view of the final enclosure
The carbon filter is a separate tray with a hexagonal mesh that can slide in and out of the case for ease of changing and disposal shown in Figure 45. CB 
[image: A black rectangular object with a open drawer
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[bookmark: _Toc203127053]Figure 45: Carbon pellet tray

The bottom tray has mounting points for the PCB, as well as cut outs designed in the sides of the walls for the USB-C to be accessible and the sensors to fit outside of the box to provide data of the environment, seen in Figure 46. SH
[image: ]
[bookmark: _Toc203127054]Figure 46: Mounting holes for sensors and bottom of enclosure

[bookmark: _Toc203126953]6.4.1 Safety features
Future revisions should include a protection mesh for fans so users cannot touch or poke them, reducing the risk of injuring themselves and prevents potential damage to the fans. JT


7. [bookmark: _Toc203126954]Implementation
The mechanical box, with the magnets installed, came together easily, and most tolerances appear to have been befitting JT. The Carbon tray required some filing before it was glued together, for it to be easier to remove CB. The carbon tray side panel cover was easy to take off with the help of an added notch JT. The PCB tray has the outputs labelled for the ESP engraved in its base. The PCB fit inside the box perfectly, and the USB-C was flush to the outside wall for a sleek appearance. The sensors press fit inside of the case for a snug fit, with optional mounting holes for screws SH. 
The PCB, once assembled, could have been better since there were parts of the circuit which had been overlooked and needs revising. Further information can be found in the improvements section of this report LS. The sensors, screen and ESP32 communicated well, and readouts are produced on the LCD as intended. The LCD GDI cable has a channel that runs through the case for a seamless connection. The cables powering the fans were routed through a slot in the case for an efficient path to the connector ALL.


8. [bookmark: _Toc203126955]Testing
Note – Testing had been carried out on the prototype, due to the PCB not yet finished manufacturing; however, the components from the prototype were then used on the PCB once it was completed and delivered.
[bookmark: _Toc203126956]8.1 Scope
· Sensors (Gas, Temperature & Humidity)
· Air Flow through fan
· Change in air conditions after filtering
[bookmark: _Toc203126957]8.2 Objectives
· Test Functionality of each of the key sensors
· Test User Experience, how easy it is to operate
LS
[bookmark: _Toc203126958]8.3Test Methods 
[bookmark: _Toc203126959]8.3.1 Gas Sensor
Testing the gas sensors consisted of placing the product in various atmosphere conditions, and test how the sensors and readouts change in response to environment. Testing data is shown in table 3 below. SH

[bookmark: _Toc203127064]Table 3: Air Quality sensor test results
[image: ]

[bookmark: _Toc203126960]8.3.2 Temperature Sensor
Testing of the temperature sensor was performed by using a calibrated Fluke thermometer sensor in the same conditions as the sensor under test, shown in the table below:
[bookmark: _Toc203127065]Table 4: Temperature test results
[image: ]
From the results table, the temperature sensor is fairly accurate, at most being 0.11°C from the Fluke thermometer reference. LS

[bookmark: _Toc203126961]8.3.3 Humidity Sensor 
Testing the humidity sensor consisted of placing the sensor and product in various conditions and reading the displayed sensor reading, results are shown in Table 5.
[bookmark: _Toc203127066]Table 5: Humidity sensor test results
[image: ]
When testing the humidity sensor, the reading changed to a percentage that is expected of the conditions it was placed in. CB
[bookmark: _Toc203126962]8.3.4 Air Flow
Testing the unit’s air flow/throughput involved suspending a piece of paper in front of the fan's output held perpendicular to the unit, then with each of the different filter combinations, the change in the papers angle was recorded in Table 6 whilst it was running.
[bookmark: _Toc203127067]Table 6: Air through-put test results
[image: ]
This was to give a quantifiable description of how the different filters impact the air flow through the unit. CB

[bookmark: _Toc203126963]8.3.5 Air Quality Change
Change in air quality was also tested and recorded in Table 7 with each of the filter combinations and the change in PPM from the no filter baseline. JT
[bookmark: _Toc203127068]Table 7: Air quality improvement testing
[image: ]



9. [bookmark: _Toc203126964]Results
Each test had an estimated result, and were compared to recorded results, if the test values were close to estimates or within the range, it was considered a pass, this is shown in Table 8. LS
[bookmark: _Toc203127069]Table 8: Analysis of test results compared to expected
[image: ]


10. [bookmark: _Toc203126965]Evaluation
Overall, the project was a success, it was successfully planned and prototyped, however when the design for manufacturing began some issues were encountered. Due to the short time frame, only one PCB design was ordered. There were some PCB routing errors that caused the board to draw too much current, design errors that caused the ESP to reset (PWM signal was sent to RST pin), and feedback was not correctly implemented. This meant that the first PCB did not function as expected, but provided valuable insight into PCB and circuit design, and provided experience in debugging and improving designs. CB
Pictures of the final product, which used the original working prototype can be found below in Figures 47-49:
[image: ]
[bookmark: _Toc203127055]Figure 47: Final product - top view
[image: ]
[bookmark: _Toc203127056]Figure 48: Final product - side view
[image: ]
[bookmark: _Toc203127057]Figure 49: Final product - screen display


[bookmark: _Toc203126966]10.1 Reviewing Objectives and Requirements  
The project achieved all main objectives, with only the non-essential specifications not being met, but possible in the future with the design. The specifications met are in Table 9. JT
[bookmark: _Toc203127070]Table 9: Specifications met
[image: ]

[bookmark: _Toc203126967]10.2 Comparison to research 
Looking at products currently on the market, such as the Blueair Purifier [22] and the Bentobox [25], our product matches the features they advertise. Our product contains both a carbon and HEPA filter, so has double the filters compared to the Blueair purifier, and, while the Bambu Bentobox has both filters, our product is less bespoke and can be used in wider contexts than 3D printing enclosures. CB
Our air quality monitoring system is currently less advanced than the monitors in the market research, as there is not currently capability to connect to a smartphone app. As the ESP32 has wireless capability however, this option can be explored in future developments. 
The results collected are not as detailed as the peer-reviewed articles, as the more advanced scientific measuring equipment was inaccessible. With the measurements and tests undertaken however, our initial findings do match the suggestions from these papers, with the air through-put and quality difference suggesting that our HEPA and carbon filters greatly improve air quality when active.  SH

[bookmark: _Toc203126968]10.3 Improvements
There are a couple of improvements that could have been made to our current design. These do not include fixing errors in our PCB, but include things that would make our design more efficient. 
· MOSFET had no gate pull-down resistor, which helps reduce instability and interference from noise 
· Mechanical tolerance made the assembly too tight
· Some PCB labels had been left off the silk screen, making assembly difficult 
· Charcoal container needs a handle to remove it easier 
· Larger Test point pads
CB

[bookmark: _Toc203126969]10.4 Difficulties/problems faced
Some of the minor problems included ordering the incorrect cable for the GDI interface. The backlight came on showing it had power, but the screen wouldn’t change. We discovered that a reverse/B-type cable was required, which was easy to order but created unnecessary costs.
The first error with the code occurred when trying to program the screen. After researching the error and having a second person review the code, we realised that it was being compiled for the wrong version of the Firebeetle – a Firebeetle ESP32, when we were using a Firebeetle 2 ESP32-E. SH
Another issue we faced when programming the board was the IDE was presenting us with “error code 2” which we discovered was caused by the boost circuit turning on while programming. This was initially resolved by disconnecting an inductor when programming, however this became inefficient. During later inspection with a multimeter we removed a MOSFET from the PCB which had been wired incorrectly in the schematic, which resolved the issue. CB
A current problem we are facing is the overheating of the MOSFET Q2, which in some test scenarios on the PCB, has broken completely and needed to be replaced. We are still investigating the source of this, however found that the boost circuit was providing close to 50V instead of the 12V we had calculated. Our next steps are to review the libraries used for generating the PWM duty cycle, and to attempt to change this if possible; we also intend to create a new iteration of the PCB, in which the schematic for Q2 is wired correctly, allowing us to more securely switch the boost circuit. Additionally, a feedback input will be connected to the ESP32 to adapt the duty cycle according to the current output of the boost converter. JT
There are some issues which are still being resolved, such as the boost circuit providing too much voltage. However, with such an inflexible timeframe it was impossible to have another iteration of the PCB made and delivered, even if it was designed in time. LS

[bookmark: _Toc203126970]10.5 Total Expenses
The total expenditure for the project was recorded in Table 10 below:
[bookmark: _Toc203127071]Table 10: Recorded expenses
[image: ]
Whilst total expenditure was less than the estimated budget, some items such as the PCBs, were more expensive than anticipated. This further reinforces the importance in accounting for unexpected expenditure. LS


11. [bookmark: _Toc203126971]Group Admin
[bookmark: _Toc203126972]11.1 Group Operation & Organisation
When the group was first formed, certain ways of working were established to allow cohesion between team members during the project.

[bookmark: _Toc203126973]11.1.1 File Storage & Data Transfer
A shared OneDrive folder was created and set up to provide all team members with constant access to all project files and the ability to work on them whenever needed, shown in Figure . CB
[image: A screenshot of a computer
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[bookmark: _Toc203127058]Figure 50: Shared OneDrive for exchanging files

Each file was organised into folders for the diagrams, specifications for the assignment and project documents. In doing so, members could easily and quickly access relevant documents, reduce the risk of confusion as well as aiming to prevent file duplication or variations of the same document. LS

[bookmark: _Toc203126974]11.2 Group Responsibilities
Project tasks were determined and divided equally among team members in accordance with their strengths, ensuring both fairness and efficient working. This was then kept as a record in Table 11: ALL
[bookmark: _Toc203127072]Table 11: Group responsibilities breakdown
[image: ]


[bookmark: _Toc203126975]11.3 Logbook & Team Decisions Record/Minutes 
Regular team meetings were held on Mondays, aimed at settling on decisions (major & minor), updating the team on the previous week’s progress & each member discussing their upcoming tasks. See appendix for full records. ALL


12. [bookmark: _Toc203126976]Conclusion
[bookmark: _Toc203126977]12.3 Further work
Further functions to be implemented could include:
· Boost Circuit on a separate board, that plugs into the main board, allowing for easier testing and debugging. Removal of the boost circuit would also allow for easier reprogramming. CB
· Mechanical assembly to change the orientation of the screen to suit the user’s preferences. JT
· Utilise the ESP 32’s wireless connectivity to facilitate LS
· Connection to the internet to check levels remotely
· Create a network of multiple units that work together
· Local WiFi to check reading when in proximity
· Graphing for data readouts
· Filters on a ‘rail’ to slide out and stop to allow for easy replacement of the filters. SH

[bookmark: _Toc203126978]12.2 Benefits of Final project 
The testing on the prototype board showed that this product combined the functionality of air purifier and air quality sensors on the market into one overall product that has a wide range of available future developments possible. The HEPA filter reduces indoor allergens (pet dander, pollen and dust) and removes airborne particles, reducing the risk of allergic reactions and provides relief for people suffering from asthma. The carbon filter absorbs unpleasant odours and VOCs, improving the smell of homes. These benefits improve consumers’ health, contributing to their wellbeing. ALL


13. [bookmark: _Toc203126979]Reflections 
[bookmark: _Toc203126980]13.1 Louis
Reflecting on the project, I feel as if I’ve gained valuable experience in operating as a team and insights into how different aspects of a project come together. The benefit of having other team members to exchange ideas within all parts of the project I found to be particularly useful as others may have suggestions or alterations that you may have not considered, ultimately resulting in a better outcome than a single person may have reached.
Thanks to other team members, I could improve the area less suited to my skill sets (such as coding), whilst helping others with organisation, documentation, as well as data and record keeping.
I am quite satisfied with the outcome of the product, both in design and in its functionality in addition to adhering to the specifications 

[bookmark: _Toc203126981]13.2 Saffina 
I have learnt a lot during this project, with the key takeaway for me being able to work as a team. I learnt about the importance of consistent communication with our weekly meetings, which helped us to stay on track with the timeframe. I also learnt how to effectively debug a board, with one of the most helpful things being to get a fresh set of eyes to look at it. I was able to lead the team on the coding aspect, which allowed me to gain confidence in presenting and helping others to learn new skills. I enjoyed working as a team, especially in the initial planning stages, as the wide diversity of ideas allowed us to choose a project that would cater to each of our unique skills sets, Practically, I have also gained experience using oscilloscopes, multimeters, prototyping on Veroboard and breadboard, and using the Arduino IDE to develop my C programming skills. I am overall very proud of our finished product, which fits our specifications, and look forward to developing it further.

[bookmark: _Toc203126982]13.3 Chris
In this project, I learnt the importance of simulating your specific components and carefully considering the information available in the datasheets, I also learnt the importance of working together with your team to peer review things and gather new ideas. This allowed me to get outside perspectives, and identify issues that I may have overlooked. I also was able to present and lead the team through my ideas, allowing me to function as a leader for periods of time , while also providing input when other members lead me through their ideas. This project also allowed me to determine my skill sets(mechanical design and electronics) while also giving me valuable practice in things I am less capable of, for example coding.

[bookmark: _Toc203126983]13.4 James
During our work on this project, I learnt to reverse engineer an ESP32, looked into ways of improving the ESP32 design, the importance of checking datasheets and communicating with your team throughout. This made the project more efficient and work off each other’s different skills, allowing me to work on my weaknesses, such as coding. I was able to design part of the case and PCB and with the peer review from the team, was able to get less potential for issues to arise. Unfortunately, we still had issues with the PCB due to the limited time and caused the PCB to be made faster than ideal. Overall, working as a team has been a useful experience to develop my skills and helping the team.
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[bookmark: _Toc203126986]Appendix A - Tools and software used
[bookmark: _Toc203126987]Louis
[bookmark: _Toc203126988]Hardware
· Soldering Station + Extractor Fan 
· Breadboard + Jumper Leads
· Wire Cutters & Strippers
· Veroboard
· MultiComp 
· Multimeter
· Oscilloscope
[bookmark: _Toc203126989]Software
· Draw.io
· Excel
· Word
· Notepad
· LTSpice
· Proteus

[bookmark: _Toc203126990]Saffina
[bookmark: _Toc203126991]Hardware
· MultiComp USB Tester
· Oscilloscope 
· Signal generator 
· Breadboard and jumper leads
· Multi-meter
[bookmark: _Toc203126992]Software
· Arduino IDE
· Proteus
· Microsoft Word
· Microsoft Excel 

[bookmark: _Toc203126993]Chris
[bookmark: _Toc203126994]Hardware
· Solder station and hot air station
· Extractor fan
· Microscope 
· Tweezers for SMD parts
· Heat shrink for custom Y split cable
· Wire cutters
· Wire strippers
· MultiComp USB Tester
· Signal generator
· Multimeter
· Oscilloscope 
· Ender3pro 3d printer
[bookmark: _Toc203126995]Software
· Word 
· Excel
· Draw.io
· LT spice 
· Fusion360 
· Arduino IDE
· Cura slicer
· easyEDA

[bookmark: _Toc203126996]James
[bookmark: _Toc203126997]Hardware
· BambuLabs X1 Carbon Combo
· BambuLabs ABS reusable spools
· Solder station and Hot air station
· Extractor Fan
· Microscope
· Wire strippers
· Wire cutters
· MultiComp USB Tester
· 
[bookmark: _Toc203126998]Software
· Autodesk Fusion 
· EasyEDA
· BambuLabs Bambu Studio
· LT spice 
· Microsoft Word 
· Microsoft Excel 

[bookmark: _Toc203126999]Appendix B - Logbook
[bookmark: _Toc203127000]19/05 
LS
Previous Week Progress
· N/A, First Project Week
Major Decisions
· Determined Group Members
· Determined Project idea, Consumer Scale Filter Unit aimed at hobbyists
· Determined the Product Project Specifications
· Components to be used; USB-C, ESP 32, Screen 
· Filters Types to be used
· Determined Budget Estimates of ~ £270 for production, based on the required components' rough pricing
Minor Decisions
· Make Y Split cable to save costs
[bookmark: _Toc203127001]26/05
SH
Previous Week Progress
· Created & Presented Project Proposal Presentation
· Submitted Proposal Paperwork
· Research into Existing Systems, Components & Started 
· Project Block Diagram 
Major Decisions
· Circuit Design & Sub Circuits (Boost Circuit, Highside Switch)
· Which Design Specifications can be done via Code
Minor Decisions
· Changed brands of some components due to some original selections being out of stock/ newer versions being more suitable.
[bookmark: _Toc203127002]02/06
CB
Previous Week Progress
· Ordered Components for the prototype
· Finished building the boost circuit prototype
Major Decisions
· Testing Plan for Sensor Modules
· Switched from high side switch to low side switch for simplicity, and to reduce unnecessary complexity
· Determined the Design of the enclosure
Minor Decisions
· Determined the test print material

[bookmark: _Toc203127003]09/06
JT
Previous Week Progress
· Ordered the Circuit Components
· Started designing the enclosure in CAD
Major Decisions
· Layout/Design for the PCB
Minor Decisions
· FPC 18 Pin Cable A was swapped to B & a longer length cable.

[bookmark: _Toc203127004]16/06
LS
Previous Week Progress
· USB-C Connection functional for power
· Ordered Fans & Other Peripherals required, components selected to fit the design specifications (i.e. Quiet fans)
Major Decisions
· Determining Layout of Information Displayed to the screen, what potential graphical elements may be included for a better user experience
Minor Decisions
· GDI over SPDI for the screen connections, simpler requires less connections

[bookmark: _Toc203127005]23/06
SH
Previous Week Progress
· Screen Functional, displays real-time data from sensors via the ESP
· Boost Circuit functional and powers Fans Sufficiently
Major Decisions
· Determined PCB Manufacturer JLC, (would’ve used British manufacturing but weren’t able to in the given timeframe)
Minor Decisions
· Analog over digital for gas sensor, exact value for PPM and allows modification in code

[bookmark: _Toc203127006]30/06
CB
Previous Week Progress
· All modules tested together, functional, performed run time testing
· PCBs Manufactured, started connecting Modules
Major Decisions
· Final Tests to perform with the completed product
Minor Decisions 
· Structure and layout of the report

[bookmark: _Toc203127007]07/07
JT
Previous Week Progress
· Manufactured and assembled enclosure
· Testing the product according to the test plan
Major Decisions
· 
Minor Decisions
· Small Tweaks to report before upload













[bookmark: _Toc203127008]Appendix C - Code
#include "DFRobot_GDL.h"    // screen library

#define TFT_DC  D2      // defining screen pins (for SPI connection)
#define TFT_CS  D6
#define TFT_RST D3

DFRobot_ILI9488_320x480_HW_SPI screen(TFT_DC, TFT_CS, TFT_RST);     // initialising screen


#include <DHT22.h>      // library for temperature sensor
#define pinDATA D11     // set temperature sensor on pin D11
DHT22 dht22(pinDATA); 
 

const int PWM_CHANNEL = 15;        // initialise pwm channel
const int PWM_FREQ = 500000;      // set frequency to 500kHz
const int PWM_RESOLUTION = 4;     // resolution of 4 bits, affects the range of frequencies
int MAX_DUTY_CYCLE = (int)(5);   // initial duty cycle of 10/16


int gas_sensor = A0;      // set gas sensor pin
int value = 0;          // initial ppm value is 0
float h = 0;              // initialising humidity and temperature values as 0
float t = 0;


int switchPin = D9;    // setting the switching output pin




void setup() {
  Serial.begin(115200);     // setting baud rate
  screen.begin();         // starting screen 
  screen.setRotation(3);      // landscape mode


  ledcAttach(PWM_CHANNEL, PWM_FREQ, PWM_RESOLUTION);    // starting the pwm channel
  fan_off();


  screen.fillScreen(COLOR_RGB565_BLACK);    // making a black background
  loading();
  delay(5000);
  screen.fillScreen(COLOR_RGB565_BLACK);    // making a black background


  iconDisplay();        // display the icons


  pinMode(gas_sensor, INPUT);         // set gas sensor pin as an input
  pinMode(switchPin, OUTPUT);       // set switchPin as an output 
  
  testDisplay();        // writing the title to the screen

}



//MAIN PROGRAM LOOP--------------------------------------------------------------------------------------------------------------------------------
void loop(){

  value = analogRead(gas_sensor);     // retrieve ppm value

  float t = dht22.getTemperature();     // retrieve temperature value
  
  char result[50];                // string to store temperature value in 
  sprintf(result, "%.1f", t);    // rounds temperature to 1dp and stores it in the string

  int h = dht22.getHumidity();        // retrieve humidity value
  if (h == 100) {h = 99;}           // keeps it two digits to display
  
  tempDisplay(h, result);        // display temperature and humidity
  gasDisplay(value);        // display ppm


  if (value > 800) {        // turns on when ppm is above 500
    fan_on();
  } else if (value < 750) {      // if its above 480 and already on - stays on - hysterisis
    fan_off();
  }

  delay(5000);

}






//FAN CONTROL FUNCTIONS-----------------------------------------------------------------------------------------------------------------------------
void fan_on(void) {
  MAX_DUTY_CYCLE = (int)(5);    
  ledcWrite(PWM_CHANNEL, MAX_DUTY_CYCLE);    // turns pwm on
  digitalWrite(switchPin, HIGH);   // output switch high
}

void fan_off(void) {
  MAX_DUTY_CYCLE = (int)(0);    
  ledcWrite(PWM_CHANNEL, MAX_DUTY_CYCLE);    // turns the pwm off
  digitalWrite(switchPin, LOW);     // output switch low
}




//DISPLAYING TEMPERATURE AND HUMIDITY-----------------------------------------------------------------------------------------------------------------
void tempDisplay(float hum, char* result) {

  screen.setTextColor(COLOR_RGB565_WHITE);
  screen.setTextSize(5);

  screen.fillRoundRect(83, 90, 150, 50, 1, COLOR_RGB565_BLACK);     // overlay the old value
  screen.setCursor(83, 90);
  screen.print(result);       //display temp value passed
  screen.setCursor(137, 90);
  screen.print("   C");     // units

  screen.setTextSize(3);
  screen.setCursor(205, 84);
  screen.print("o");         // degree symbol

  screen.setTextSize(5);

  screen.fillRoundRect(350, 90, 100, 50, 1, COLOR_RGB565_BLACK);    // overlay the old value
  screen.setCursor(350, 90);
  screen.print((int)hum);         // display humidity value passed
  screen.setCursor(350, 90);
  screen.print("  %");      // units

}


//DISPLAYING PPM VALUE------------------------------------------------------------------------------------------------------------------------------------
void gasDisplay(int value) {
  
  screen.setTextSize(5);

  screen.fillRoundRect(160, 220, 130, 50, 1, COLOR_RGB565_BLACK);   //overlay old value
  screen.setCursor(160, 220);
  screen.print(value);          //display gas ppm value
  screen.setCursor(280, 220);
  screen.print(" ppm");

}


//LOADING SCREEN------------------------------------------------------------------------------------------------------------------------------
void loading() {

  screen.setCursor(250, 50);
  screen.setTextColor(COLOR_RGB565_WHITE);
  screen.setTextSize(2);
  screen.print("LOADING...");     //main title

}


//USER INTERFACE ICONS AND DISPLAY--------------------------------------------------------------------------------------------------------------------------
void testDisplay() {

  screen.setCursor(0, 0);
  screen.setTextColor(COLOR_RGB565_WHITE);
  screen.setTextSize(2);
  screen.print("VENTRACLEAR AIR PURIFIER");     //main title

}

//function to draw a curved line, for the icons
void drawCurve(int x0, int y0, int x2, int y2, int cx, int cy) {

  for (float t = 0; t <= 1.0; t += 0.01) {
    float xt = (1-t) * (1-t) * x0 + 2 * (1-t) * t * cx + t * t * x2;
    float yt = (1-t) * (1-t) * y0 + 2 * (1-t) * t * cy + t * t * y2;

    screen.fillCircle((int)xt, (int)yt, 2, COLOR_RGB565_WHITE);       //creates a line of small circles
  }
}

void iconDisplay() {

  //gas display icon
  screen.fillCircle(80, 235, 50, COLOR_RGB565_DGREEN);    //green circle

  drawCurve(80,250, 80,195, 50,225);    //middle leaf
  drawCurve(80,250, 80,195, 110,225);
  drawCurve(80,275, 80,225, 80,240);

  drawCurve(80,270, 40,240, 60,235);     //left leaf
  drawCurve(80,260, 40,240, 50,275);
  
  drawCurve(80,270, 120,240, 100,235);   //right leaf
  drawCurve(80,260, 120,240, 110,275);


  //temperature display icon
  screen.fillCircle(50, 130, 15, COLOR_RGB565_LGRAY);     //gray shape
  screen.fillRoundRect(40, 70, 20, 70, 10, COLOR_RGB565_LGRAY);

  screen.fillRoundRect(45, 75, 6, 65, 3, COLOR_RGB565_MAROON);  

  screen.fillRoundRect(45, 80, 11, 6, 2, COLOR_RGB565_MAROON);  //measuring scale
  screen.fillRoundRect(45, 95, 11, 6, 2, COLOR_RGB565_MAROON);
  screen.fillRoundRect(45, 110, 11, 6, 2, COLOR_RGB565_MAROON);

  screen.fillCircle(50, 130, 10, COLOR_RGB565_MAROON);    //bottom circle


  //humidity display icon
  screen.fillCircle(290, 120, 15, COLOR_RGB565_BLUE);   //round part of droplet
  screen.fillCircle(315, 95, 10, COLOR_RGB565_BLUE);
  screen.fillTriangle(277, 111,    303, 111,    290, 80, COLOR_RGB565_BLUE);   //pointed part
  screen.fillTriangle(305, 91,    325, 91,    315, 70, COLOR_RGB565_BLUE);  

  screen.setTextSize(2);          //reflection effects
  screen.setCursor(294, 112);
  screen.print("`");

  screen.setTextSize(1);

  screen.setCursor(293, 100);
  screen.print(".");

  screen.setCursor(318, 90);
  screen.print("`");
    
}
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Product  Cost  Dimensions

Filter 

Type

Sensor Type User Interface Additional features

Temtop M10+ Air 

Quality Monitor

 £    119.99 

82mm x 82mm x 

31mm

N/A

PM2.5, AQI, CO2, 

TVOC, Temperature, 

Humidity

Screen, 

Smartphone App, 

Buttons 

Eye Caring Display, 60 

Days battery life, Poor 

Air Quality alert system

Amazon Smart Air 

Quality Monitor

 £       69.99 

65mm x 65mm x 

45mm

N/A

PM2.5, VOCs, CO, 

Temperature, 

Humidity

Smartphone app

Compatible with 

Amazon Alexa

Blueair Blue Pure Mini 

Max Air Purifier 

 £       79.00 

172mm x 172mm x 

280mm

HEPA,  N/A N/A

Removes 99.97% 

Particles, Pollen, Dust, 

Mould, Bacteria, Viruses 

KEMPER AirWatch Air 

Monitoring System

 £1,636.20 

128mm x 128mm 

x 340mm

N/A

Optical - Laser 

Operated for PM2.5 

and PM10

PC, Smartphone, 

Tablet, Visual 

Indicator

N/A

BentoBox v2.0 Carbon 

filter for Bambu Lab 

X1C

 £70-£90 

122.8mm x 52.8mm 

x 215.6mm

HEPA, 

Carbon

N/A

Connects to Printer 

or External PSU

N/A


image5.emf
Item Description Quantity

Estimated 

Cost Per

Estimated 

Total

Budget 

Tolerance

Estimated 

Total w/ 

Tolerance

Estimated 

Budget 

Total:

Gas Sensors 2 £10.00 £20.00 15.00% £23.00 £271.40

Humidity Sensor 1 £20.00 £20.00 15.00% £23.00

Air Quality Sensor 1 £20.00 £20.00 15.00% £23.00

Enclosure 1 £3.00 £3.00 15.00% £3.45

PCB 1 £10.00 £10.00 15.00% £11.50

Circuit Components 1 £40.00 £40.00 15.00% £46.00

Fans 2 £8.00 £16.00 15.00% £18.40

Carbon Filter 1 £12.00 £12.00 15.00% £13.80

HEPA Filter 1 £15.00 £15.00 15.00% £17.25

LCD Screen 1 £30.00 £30.00 15.00% £34.50

Misc 1 £50.00 £50.00 15.00% £57.50
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Project Planner

Select a period to highlight at right.  A legend describing the charting follows.  Period Highlight:

2

DAYS

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53

Deciding the Project/Problem 

Statement 

1 1 1 1

100%

Determining Project aims

1 2 1 2

100%

Project Proposal Presentation

2 2 2 2

100%

Market Research

3 1 3 1

100%

Ethical Considerations

3 2 3 2

100%

Project Breakdown

4 2 4 2

100%

Sensor Research

6 2 6 2

100%

Filter Research

6 2 6 2

100%

Fan Research

6 2 6 2

100%

Circuitry Breakdown

9 2 9 2

100%

Coding Breakdown

9 2 9 2

100%

Enclosure Breakdown

11 2 11 2

100%

Circuit Design & Prototype

11 8 11 7

100%

Software Development 

11 8 11 9

100%

Enclosure Design and Test Print

15 5 14 3

100%

PCB Design

20 5 18 3

100%

Enclosure Fitment Test

26 2 21 2

100%

Enclosure Tweaks

28 3 23 3

100%

Enclosure Production

32 2 26 2

100%

First Test

35 2 28 3

100%

Full Product Tweaks

37 2 31 3

100%

Respin/Final Product

39 2 34 2

100%

Testing

41 1 36 3

100%

Evaluation

42 4 39 4

100%

Final Write Up

46 6 44 6

80%

Presentation Creation

48 4 46 4

50%
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START
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DURATIO

N
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START
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N

%
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#include "DFRobot_GDL.h" // screen library

#define TFT_DC D2
#define TFT_CS D6
#define TFT_RST D3

DFRobot_ILI9488_320x486_HW_SPI screen(TFT_DC, TFT_CS, TFT_RST);

#include <DHT22.h>
#define pinDATA D11
DHT22 dht22(pinDATA);

// defining screen pins (for SPI connection)

// library for temperature sensor
// set temperature sensor on pin D11

const int PWM_CHANNEL = 15; // initialise pwm channel
const int PWM_FREQ = 500000; // set frequency to 500kHz

const int PWM_RESOLUTION = 4;

int MAX_DUTY_CYCLE =

int gas_sensor = AQ;
int value = 0;

float h = @;
float t = 0@;

int switchPin = D9;

// set gas sensor pin
// initial ppm value is ©
// initialising humidity and temperature values as ©

// setting the switching output pin

// initialising screen

// resolution of 4 bits, affects the range of frequencies
(int)(5); // initial duty cycle of 10/16
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32 void setup() {

33 Serial.begin(115200); // setting baud rate

34 screen.begin(); // starting screen

35 screen.setRotation(3); // landscape mode

36

37

38 ledcAttach(PWM_CHANNEL, PWM_FREQ, PWM_RESOLUTION); // starting the pwm channel
39 fan_off();

40

41

42 screen.fillScreen(COLOR_RGB565_BLACK); // making a black background
43 loading();

a4 delay(5000);

45 screen.fillScreen(COLOR_RGB565_BLACK); // making a black background
46

47

48 iconDisplay(); // display the icons

49

50

51 pinMode(gas_sensor, INPUT); // set gas sensor pin as an input
52 pinMode(switchPin, OUTPUT); // set switchPin as an output

53

54 testDisplay(); // writing the title to the screen

55

56}
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//MAIN PROGRAM LOOP - - - = = = = = = - m o o o oo o o o oo .
void loop(){

value = analogRead(gas_sensor); // retrieve ppm value
float t = dht22.getTemperature(); // retrieve temperature value
char result[50]; // string to store temperature value in

sprintf(result, "%.1f", t); // rounds temperature to 1dp and stores it in the string

int h = dht22.getHumidity(); // retrieve humidity value
if (h == 100) {h = 99;} // keeps it two digits to display
tempDisplay(h, result); // display temperature and humidity
gasDisplay(value); // display ppm
if (value > 800) { // turns on when ppm is above 800
fan_on();
} else if (value < 750) { // if its then gets below 750 - turns off
fan_off();
}
delay(5000);
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92 //FAN CONTROL FUNCTIONS= - === === === === oo oo
93 void fan_on(void) {

94 MAX_DUTY_CYCLE = (int)(10);

95 ledcWrite(PWM_CHANNEL, MAX_DUTY_CYCLE); // turns pwm on

96 digitalWrite(switchPin, HIGH); // output switch high

97  }

98

99 void fan_off(void) {

100 MAX_DUTY_CYCLE = (int)(0);

101 ledcWrite (PWM_CHANNEL, MAX_DUTY_CYCLE); // turns the pwm off
102 digitalWrite(switchPin, LOW); // output switch low

103 1
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value = analogRead(gas_sensor);

// retrieve ppm value

float t = dht22.getTemperature(); // retrieve temperature value

char result[50];
sprintf(result, "%.1f", t);

int h = dht22.getHumidity();

// string to store temperature value in
// rounds temperature to 1dp and stores it in the string

// retrieve humidity value
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108  //DISPLAYING TEMPERATURE AND HUMIDITY - - - - - m o m o oo oo o o o e e e
109 void tempDisplay(float hum, char* result) {

11e

111 screen.setTextColor (COLOR_RGB565_WHITE);

112 screen.setTextSize(5);

113

114 screen.fillRoundRect(83, 90, 150, 50, 1, COLOR_RGB565_BLACK); // overlay the old value
115 screen.setCursor(83, 90);

116 screen.print(result); //display temp value passed

117 screen.setCursor(137, 90);

118 screen.print(" C"); // units

119

120 screen.setTextSize(3);

121 screen.setCursor(205, 84);

122 screen.print(”o"); // degree symbol

123

124 screen.setTextSize(5);

125

126 screen.fillRoundRect (350, 90, 100, 50, 1, COLOR_RGB565_BLACK); // overlay the old value
127 screen.setCursor(350, 90);

128 screen.print((int)hum); // display humidity value passed
129 screen.setCursor(350, 90);

130 screen.print(” %"); // units

131

132}

133

134

135 //DISPLAYING PPM VALUE - - - - = = - o o o e o e e e e e e e e e e e e e e e e e
136 void gasDisplay(int value) {

137

138 screen.setTextSize(5);

139

140 screen.fillRoundRect (160, 220, 130, 50, 1, COLOR_RGB565_BLACK); //overlay old value
141 screen.setCursor(160, 220);

142 screen.print(value); //display gas ppm value

143 screen.setCursor(280, 220);

144 screen.print(" ppm");

145

146 )}
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//function to draw a curved line, for the icons
void drawCurve(int x@, int y@, int x2, int y2, int cx, int cy) {

for (float t = @; t <= 1.0; t += 0.01) {

}

float xt = (1-t) * (1-t) * x0 + 2 * (1-t) * t * cx + t * t * x2;
float yt = (1-t) * (1-t) * yo + 2 * (1-t) * t * cy + t * t * y2;

screen.fillCircle((int)xt, (int)yt, 2, COLOR_RGB565_WHITE);

//creates a line of small circles
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//gas display icon
screen.fillCircle(

drawCurve (80,250,
drawCurve (80,250,
drawCurve (80,275,

drawCurve (80,270,
drawCurve (80,260,

drawCurve (80,270,
drawCurve (80,260,

80, 235, 50, COLOR_RGB565_DGREEN);

80,195, 50,225);  //middle leaf
80,195, 110,225);
80,225, 80,240);

40,240, 60,235); //1left leaf
40,240, 50,275);

120,240, 100,235); //right leaf
120,240, 110,275);

//green circle
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//temperature display icon

screen
screen

screen

screen

screen

screen

screen

.fillCircle(50, 130, 15, COLOR_RGB565_LGRAY);

//gray shape

.fillRoundRect (4@, 76, 20, 70, 10, COLOR_RGB565_LGRAY);

.fillRoundRect (45, 75, 6, 65, 3, COLOR_RGB565_MAROON);

.fillRoundRect(45, 80, 11, 6, 2, COLOR_RGB565_MAROON); //measuring scale
_fillRoundRect(45, 95, 11, 6, 2, COLOR_RGB565_MAROON);
_fillRoundRect(45, 110, 11, 6, 2, COLOR_RGB565_MAROON);

.fillCircle(50, 130, 1@, COLOR_RGB565_MAROON);

//bottom circle
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210 //humidity display icon

211 screen.fillCircle(290, 120, 15, COLOR_RGB565_BLUE); //round part of droplet
212 screen.fillCircle(315, 95, 10, COLOR_RGB565_BLUE);

213 screen.fillTriangle(277, 111, 303, 111, 290, 80, COLOR_RGB565_BLUE); //pointed part
214 screen.fillTriangle(305, 91, 325, 91, 315, 70, COLOR_RGB565_BLUE);

215

216 screen.setTextSize(2); //reflection effects

217 screen.setCursor(294, 112);

218 screen.print(™");

219

220 screen.setTextSize(1);

221

222 screen.setCursor(293, 100);

223 screen.print(”.");

224

225 screen.setCursor(318, 90);

226 screen.print(" "):
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image50.emf
Condition

Air Quality 

Reading 

(PPM)

Motorcycle Exhaust (Idling RPM) 23,572

3D Printing Enclosure 953

Outside 423

Air Conditioned Room 621

Air Quality Sensor Testing
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Condition

Fluke 

Thermometer

Temperature 

Sensor (°C)

Air Conditioned Room Temp 22.61°C 22.5°C

Non Air Conditioned Room Temp 24.38°C 24.3°C

Fridge 4.72°C 4.8°C

Outside 16.30°C 16.4°C

Temperature Sensor Testing
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Condition

Humidity 

Reading (%)

Sealed w/ Sillica Packs 32%

Open window (Sea Air) 73%

Recently used shower room 90%

Air Conditioned Room 52%

Humidity Sensor Testing
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No filters 97°

HEPA Filter only 68°

Carbon Pellets Only 57°

Carbon Pellets and HEPA Filters 35°

Air Through Put (Δ from 0 Paper 

Angle 

°

)
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Condition

Reduction 

in PPM

No filters 0

Hepa Filter only -47%

Carbon Pellets only -52%

Carbon Pellets and HEPA Filters -95%

Air Quality Sensor Testing (Δ Air Quality) 
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Testing Criteria Expected Result Recorded Result Passed Testing?

Air Conditioned Room Temp 22.61°C 22.5°C Y

Non Air Conditioned Room Temp 24.38°C 24.3°C Y

Fridge 4.72°C 4.8°C Y

Outside 16.30°C 16.4°C Y

Sealed w/ Sillica Packs 20% - 40% 32% Y

Open window (Sea Air) 65% - 90% 73% Y

Recently used shower room 80% - 100% 90% Y

Air Conditioned Room 40% - 60% 52% Y

Motorcycle Exhaust (Idling RPM) 20,000 - 30,000 23,572 Y

3D Printing Enclosure 600 - 1,200 953 Y

Outside 100 - 500 423 Y

Air Conditioned Room 400 - 700 621 Y

No filters 80° - 110° 97° Y

HEPA Filter only 50° - 90° 68° Y

Carbon Pellets Only 40° - 70° 57° Y

Carbon Pellets and HEPA Filters 20° - 60° 35° Y

No filters 0 0 Y

Hepa Filter only -40% -47% Y

Carbon Pellets only -50% -52% Y

Carbon Pellets and HEPA Filters -85% -95% Y

Air Through Put (Δ from 0 Paper Angle 

°

)

Air Quality Sensor Testing (Δ Air Quality) 

Temperature Sensor Testing (°C)

Humidity Sensor Testing (%)

Air Quality Sensor Testing (PPM)
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Specifications

Specification 

met?

Description

Air monitoring System with Temperature, 

Humidity, & Quality sensing capabilities

Y

We have MQ-135 and DHT22 sensors inside to read the temperature, 

humidty and air quality

Display for each sensor readout Y

The LCD displays the values from the MQ-135 and DHT22 sensors in an easy 

to read user interface

Fans activate past a threshold of Air 

quality

Y

Tests have been run to ensure the code enables the fans when the air quality 

surpasses 700 PPM

HEPA & Carbon Filters, with easy 

replacement

Y

HEPA filters and a Carbon tray for carbon pellet fits inside the case with a 

fan blowing the bad air through it

Low Profile & Discrete, Quiet Fans Y

The fans selected were Noctua for their quite noise. The fans were also 

checked to still have enough static pressure for the job

Scent options N N/A

Wireless connectivity to other modules N N/A

Touch Screen as a user interface N N/A
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Quantity Price Per Total

Grand 

Total:

2 £6.400 £12.80 £245.81

1 £10.800 £10.80

1 £10.200 £10.20

1 £8.490 £8.49

1 £29.470 £29.47

3 £2.080 £6.24

10 £0.048 £0.48

5 £1.570 £7.85

5 £0.240 £1.20

5 £0.610 £3.05

2 £14.950 £29.90

1 £6.790 £6.79

1 £100.000 £100.00

1 £9.950 £9.95

1 £8.590 £8.59

IRLZ34N N-Channel MOSFET (x10)

PCB & Mounted Components?

Carbon Pellet Filters (1Kg)

HEPA Filters (x3)

USB-C Ports

Resistor 5.1k

Ω

Inductor 22

µ

H 1.7A 280MΩ

Diode Schottky 50V 3A

Capacitor Ceramic 10µF 50V 

Fans (add proper name)

Graphic Display TFT RGB 3.5"

Item Description

MQ-135 Gas Sensor (Benzne, Alcohol & Smoke)

DHT22 Temperature & Humidity Sensor

FireBeetle 2 ESP32-E IoT Microcontroller (Female Header Pre-soldered)

FPC Cable 18 Pin 300mm (Pack of 10)
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Responsibility

Whole 

Group?

Primary Group 

Member

Secondary  

Group Member

Tertiary Group 

Member

Report Abstract Chris N/A N/A

Report Intro Louis N/A N/A

Report Problem Statement Saffina Louis James

Problem Analysis Chris N/A N/A

Research (HEPA Filters) Chris N/A N/A

Research (Carbon Filters) Saffina N/A N/A

Research (Other Alternatives) Louis N/A N/A

Research (Market) James N/A N/A

Objectives Saffina N/A N/A

Additional Objectives James N/A N/A

Budget Louis N/A N/A

Gantt Chart Chris N/A N/A

Impact & Considerations Y N/A N/A N/A

WBS Louis N/A N/A

System Block Diagram Chris N/A N/A

System Breakdown Saffina N/A N/A

Initial Concepts Saffina Chris James

Components Y N/A N/A N/A

Circuit Block Diagram Chris N/A N/A

Circuit Breakdown Y N/A N/A N/A

Additional Perhiphirals Saffina N/A N/A

Coding Flow Chart Saffina N/A N/A

Code Set-Up James Louis Saffina

Fan Interface Chris N/A N/A

Sensor Interface Chris Louis James

User Interface Saffina N/A N/A

Hardware & Mechanical Y N/A N/A N/A

Implementation Y N/A N/A N/A

Testing Y N/A N/A N/A

Results Louis N/A N/A

Evaluation Chris N/A N/A

Reviewing Objectives & Requirements James N/A N/A

Comparison to Research Chris Saffina N/A

Improvements Chris N/A N/A

Difficulties Y N/A N/A N/A

Total Expenses Louis N/A N/A

Group Admin Y N/A N/A N/A

Futher Work Y N/A N/A N/A

Benefits of Product Y N/A N/A N/A

Reflections Y N/A N/A N/A


