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PLEASE NOTE: All non-initialled paragraphs are collectively written and reviewed by all members of the team.
[bookmark: _Toc235183961]Introduction
With increasingly challenging climate conditions affecting global agricultural production in the form of abnormal weather patterns. There's an increasingly important need to develop a new way to grow and produce crops. Greenhouses with controlled climate conditions are showing that maximum yields of crops regularly occur during the plants' most efficient conditions. Automatic greenhouse monitoring systems using microcontrollers can track more variables than a traditional greenhouse; some of these being soil, moisture and light intensity in real time and make changes in accord due to this, it reduces energy and water waste and lowers labour requirements [LH].
This report details the design and creation of a greenhouse monitoring system using a PIC16F877A microcontroller. The first portion of the report reviews the background literature and types of greenhouse monitoring systems. The next section outlines the components chosen and the design of a custom PCB. The prototype section includes a simplified system prototype on a breadboard before being moved to a Veroboard. The last section details the programming of the PIC microcontroller using the C language, along with any libraries created for the group to use with the sensors. The report concludes with the results of the product produced, changes which could be made for further revisions and additional suggestions, alongside learning points from the project [LH].
This project aims to design and implement an embedded greenhouse control system that monitors and regulates environmental conditions, including light levels, moisture, humidity and temperature, to optimise plant growth. Objectives set to aid the completion of this project include research on existing solutions, design of a system, implementation of automated outputs and design, testing and evaluation of the PCB/breadboard system.


[bookmark: _Toc235183962]Research & Literature Review
In recent times, global food production and agriculture are facing challenges due to the projected global population of 9.8 billion by 2050 [1], growing urbanisation, limited arable land, and extreme weather events induced by climate change [2][TM]. Food insecurity is often considered to be quite high, with roughly 2.3 billion people affected by malnutrition, with 720-811 million people considered undernourished [JH]. The integrated food security phase classification indicates that currently, 200,000 people are at a catastrophic food insecurity level (2022) [3]. The World Food Programme estimates that 7.8-8.8% of the world population is facing food shortages and that number is expected to rise as climate conditions worsen [LH]. There is growing concern about agriculture and food shortages, with over 360 million people at risk of acute hunger worldwide [4][JC]. The UK imports 80% and 50% of its fruit and vegetables, respectively [5], leading to rising prices and further shortages [6][JC].
These pressures make a compelling case for agriculture systems capable of producing reliable yields independently of climate. Local food production reduces dependence on global supply chains, and in a context of increasing climate disruption, efficiency in that production is no longer optional [7][JH]. Some critical issues in modern agriculture include over-fertilisation and over-irrigation, leading to nutrient leaching, soil degradation, groundwater contamination, and reduced crop productivity [8][TM]. One solution to combating this is by using greenhouses, providing a safe and controlled environment for people to be able to grow their own fruit and vegetables [6][JC], for people to grow their own produce [CH]. Greenhouses offer stable, year-round, fruit and vegetable production [5], using minimal land, which can be used for consistent produce at relatively little cost [JC].
With an increasing global population, land usage becomes progressively more critical [ [9], pp. 2-3] and as such, global issues like reaching the Paris and other climate agreement targets become increasingly significant [ [7], pp. 18-19, 61-67], especially considering recent patterns in weather, such as global temperatures setting dangerous records and becoming increasingly dangerous to life [10][CH]. Theoretically, local production minimises logistics chains, and improves local food security, ideal for sub-optimal or desolate climates such as deserts or underground. Micro-climate control allows optimised management systems based on local factors for the optimised growth of selected produce [11][CH]. Greenhouse vertical farming is a form of farming wherein plots are stacked vertically in a fully controlled environment [12][JC]. This creates a space-efficient solution for growing crops, allowing for the same number of crops as would be found in an ordinary field to be compressed into a building a fraction of the size, minimising the burden of capacity that would typically be found in an ordinary field, whilst also providing the perfect environment for micro-climate control [12][JC].
A study published in 2025 [8] presented an automatic irrigation and fertilisation system (AIFS) designed for smart greenhouse cultivation – utilising IoT sensors, automated control units, and real-time environmental data analytics to optimise water and nutrient delivery [8][TM]. This led to an energy reduction of 25% through dynamic climate and crop-specific adjustments [13][LH]. Sustainability was also improved through solar panel integration, decreasing energy dependence and electricity expenses by 40% [13][JH]. Another review on greenhouse monitoring methods and technologies by Yu Gao showed that compared to normal methods of growing tomatoes, those grown in automated greenhouses based on IoT monitored greenhouses, where environmental factors such as temperature and humidity were maintained at constant levels, improved the quality and quantity of plants and saved resources, growing twice as fast [14][LH]. Another study using intelligent control systems is a huge advancement in precision agriculture. The advances in intelligent and autonomous greenhouse systems study on smart greenhouses using an Arduino microcontroller found that there was a 38.54% reduction in energy consumption compared to conventional controllers and that the plants grown in the greenhouse showed better growth performance and used 16.5% less water than those cultivated in conventional pots [15]. Taken together, these studies indicate that automated monitoring and control consistently deliver meaningful gains in energy efficiency, resource use, and crop performance [15][JH].
Other control systems that could be used include the following: PID control, fuzzy control, model predictive control (some of the more conventional control strategies), and intelligent control strategies such as neural network-based control, reinforcement learning-based control, adaptive control, feedback linearisation, and event-based control [16][TM].


[bookmark: _Toc235183963]Development Methodology
Duties for each team member have been allocated, and meeting minutes for the duration of this project shall be placed in Appendix 12. The proposed timescale is included in the feasibility report (Appendix 4), and the final one is available in Appendix 13.
A combination of both Altium Designer and Proteus Professional should be used in the design and production of the simulation, schematic and PCB. These programs will enable the design and verification of different parts of the system, enabling production with minimal errors. Members of the team are more proficient in using Altium for schematic and PCB design, so this is a huge advantage in the project development. CCS C will be used for any programming due to all team members understanding this software and language. 
The prototype breadboard/Veroboard should be fabricated using components available on the University campus and workplaces, which could be a disadvantage due to elusive component stock. However, this should not be an issue for the PCB prototype, as this will be ordered via JLCPCB and the components to solder should be procured specifically.
For testing, programming and verification, University equipment shall be utilised; however, even though it is crucial to the project to have access to this equipment, this has proven to be temperamental in the past, so caution must be taken, and equipment must be verified. All programming shall be conducted using a PICKit 3 and MPLABIPE 6.15.
To evaluate the success of the project, the breadboard/Veroboard and PCB shall be programmed and tested for the team to evaluate results and proceed or plan next steps. As detailed in the feasibility report, the timeline of this project is very short, so this may be a disadvantage.


[bookmark: _Toc235183964]Design
[bookmark: _Toc235183965][image: ]Block Diagram[bookmark: _Toc235184004]Figure 1: Block Diagram of Proposed System [JH]

The sensors on the left-hand side continuously monitor environmental conditions (temperature, humidity, CO2, soil moisture), the PIC16 processes this data against target setpoints, and then activates the appropriate outputs (heater, cooler, humidifier, pump, etc.) on the right to maintain optimal growing conditions [JH].
[bookmark: _Toc235183966]Pin Selection
The PIC16F877A pins were assigned in priority of hardware functions, software requirements, and then digital outputs (Appendix 14). The design uses three buttons, so these were assigned to the 4 interrupts on change pins, with the last pulled high, preventing noise-causing false interrupt triggers. I2C was prioritised to the hardware implemented I2C pins first, and then the analogue input of the moisture and light sensors on port A. When using CCS C, the LCD needs to use pins on the same port, so these were assigned to port D. The remaining digital outputs were grouped, with each group assigned pins nearby on the same port. This helped maintain a simple and tidy design by considering physical pin locations, minimising wire crossings [CH]. This layout was then kept consistent across the simulation and prototypes where possible, minimising complexity.
[bookmark: _Toc235183967]Component Selection
	Part Number/Description
	Reason for Selection
	Cost (£)

	Capacitors
	Load capacitance for crystal oscillator, filtering and stability by reducing output noise.
	£0.81

	Resistors
	Pull down and pull up resistors, plus general use to prevent excessive current.
	£0.02

	PIC16F877A
	Powerful but cheap microcontroller, everyone in the group is familiar with and has the required ports.

	£5.57

	L7805CV – Voltage Regulator
	Provides a stable 5V output to power the PIC and other components. Has built in thermal shutdown and current limiting protection. Commonly used regulator for Arduino and embedded projects, as it’s cheap and reliable.
	£0.78

	3296W-1-103LF – 10K Potentiometer
	Used to control the LCD backlight.
	£1.78

	ABM10W-20MHZ-6-K1Z-T3 – Crystal Oscillator
	The PIC requires an external 20MHz oscillator; it also has low power consumption and is cheap.
	£0.48

	NORPS-12 – Light Dependent Resistor
	Light level sensor, as its resistance will decrease when exposed to light. This one resistance characteristic is similar to the human eye, and the operating temperature range allows it to operate in a wide variety of environments.
	£1.72

	16x2 Character LCD Parallel and I2C Compatible Display
	Familiar to all project members. Common SSD1306 screens would add to the size of the code needed, whilst providing limited to no benefit. Parallel pins are currently used due to pin availability but can be added to the I2C bus should additional digital pins be required.
	-

	SDC-41 Environmental Sensor
	This chip combines temperature, humidity, Humidity and CO2 measurements into one component using real measurements rather than estimates using VOC, which is commonly found to be inaccurate. The chip uses I2C and has an acceptable measurement range for the scenario; auto-calibration will need disabling to ensure reliable and consistent measurements in the controlled environment.
	£16.64


[bookmark: _Toc235184005]Figure 2: Component Selection - Row 1-7 [LH], Row 8-9 [CH]
[bookmark: _Toc235183968]Screen Selection
The screen was narrowed down to three choices. An SSD1306 display, using I2C, or a 16x2 LCD using I2C/16 pins. The LCD was chosen – the I2C pins could be wired in; however, the pin availability on the PIC16F877A means the parallel pins, and the standard lcd.c library in CCSC can be used, which all members are familiar with. The display code can be kept minimal, reducing the need for extra libraries. The LCD uses less power in comparison since the backlight is unused [CH]. 
[bookmark: _Toc235183969]Sensor Selection
While searching for sensors, the SDC was found, which has 3 measurement variables in one, which are calculated rather than estimated in VOC, such as other popular sensors, which are commonly found to be very inaccurate. However, auto-calibration sets it to 400ppm, which will need to be disabled to prevent inaccuracy. 3.3V and 5V support as well as a higher CO2 range when compared to SDC40. SDC43 is consistently more reliable across the range [CH].
[bookmark: _Toc235183970]Pseudocode
The software will directly affect outputs based on the inputs and the targets set by the user. Pseudocode showing the main looping operation is shown in Figure 3. 
[image: ]






[bookmark: _Toc235184006]Figure 3: Pseudocode [JH]





[bookmark: _Toc235183971][image: ]Schematic [bookmark: _Toc235184007]Figure 4: Rev 1 System Schematic [Creation = JC, Formatting = TM]

The first revision of the schematic was based on the simulations built within Proteus, using the planned components rather than representative components.
Each key section of the system is broken down into blocks using net labels to improve the schematic legibility and system design. 
The system includes an I2C bus, primarily for the SDC-41-1R sensor, featuring the ability to measure temperature, humidity and concentration of CO2 in the local atmosphere. Any readings from the sensor would be communicated to the microcontroller, where the data is processed and output to the LCD, which is connected through a 16-pin header, allowing for either a direct connection or a wired connection - therefore, enabling the LCD to be mounted to the housing of a potential enclosure.
The system was powered using a 12V DC input, which is split into a 12V rail and a regulated 5V through a L7805CV linear voltage regulator, with decoupling capacitors on the input and output, providing a stable DC voltage to the system.
The user-interface buttons were connected to the system using pull-up resistors to detect an active-low on the PB5/6/7 pins – this provides a much cleaner and reliable input than an active-high system.

An L293D motor driver was used to allow for the use of 12V motors or fans/heaters. Enabling the use of temperature and airflow control within the greenhouse environment.
3V latching relays were used to provide both a thermal and power-efficient solution to enable 12V components, such as a sun lamp. Latching relays were selected due to the nature of the component, wherein they only require a momentary pulse on the coil to latch the relay open, allowing a 12V supply to the desired component without drawing current from the lower voltage source. [JC].
[bookmark: _Toc235183972][image: ]PCB Layout[bookmark: _Toc235184008]Figure 5: PCB Layout [JC]

The PCB was designed in a way to allow for some components to connect to the board, such as the LCD and larger, external components, such as those controlling the environments on the right of the board.
A breakaway board featuring the buttons highlighted in the schematic was designed, allowing the buttons to be fitted to the side of an enclosure alongside the LCD, permitting a sealed unit whilst also allowing for the system to be configured and interacted with by the user.
Programming pin connections are featured in the top left to allow for rapid programming. A switch was also implemented in line with the MCLR pin to produce a programming mode to allow for live patching of any software without disconnecting the programmer [JC].
A brief design review of the schematic and PCB was conducted (comments in Appendix 12), but a more in-depth one could have been performed. 


[bookmark: _Toc235183973]Implementation
[bookmark: _Toc235183974]Simulation
[image: ]Where possible, generic models were used. The SDC41 was not available in Proteus, as the available models encountered errors during download. Using the same pin assignments enables everyone to use the simulation to check their own code works without having to use prototypes [CH].[bookmark: _Toc235184009]Figure 6: Simulation Schematic [CH]

[image: ]To simulate the I2C bus and communicate with a chip, the PCA9555 16-bit I/O expander was used. This allows for 16 bits of input data over the same communication method as the SDC41. Although the code would need to be modified, it allows the main I2C functions to be verified within the simulation, such as the address, read/write bits, sending acknowledgements, storing, combining data and using the data to operate outputs. The datasheets show they expect similar behaviour, so the modifications to the code are minimal. Output on the display showing the fan has been turned on, and the hex values received from the IO extender [CH].
Appendix 10 details the components used within Proteus. [bookmark: _Toc235184010]Figure 7: Simulation LCD Output

The simulation was tested using code to toggle each output, reading from the buttons or I/O extender and output to the LCD screen.
The SDC41 functions were put in their own library file. This kept the code modular, allowing simple function calls. The repetitive calls have their own functions, while generic ones we don't expect to use can still be achieved using send command/data functions. 
Debugging:
When I2C did not work as expected, the debugger was then connected to view the transmissions. I2C then stopped working completely. This was due to the 4.7K ohm pull-up resistors set as analogue, not digital. In the original code, acknowledgements were being handled with inverted logic. Once fixed the simulation operated as expected. The code is in Appendix 8 [CH].
[bookmark: _Toc235183975]Breadboard Prototyping
The breadboard prototype was used to test the functionality of all components together and to allow the program to be tested.
The prototype was simplified to exclude the CO2 sensor or the motors due to part availability. A potentiometer was used to simulate the voltage fluctuations the CO2 sensor would experience, connected to RA0 on the PIC16F877A. LEDs were used as a replacement for motors. The 6pF capacitors were chosen to ensure the right load capacitance for the crystal oscillator to operate at 20MHz as stated within the manufacturer's datasheet. The backlight pin had to be tied to ground due to part availability [LH].
The main challenge with the breadboard prototype was the faulty equipment provided. The first programmer had a faulty power chip, causing it to constantly display an error. Another issue was that this breadboard had heavily corroded contact points due to dust buildup, causing poor connections and a short circuit when the equipment was changed. The prototype performed better but still had some issues with the jumper cables causing loose connections. This was rectified by replacing the jumpers with solid-core wires [LH].
The breadboard prototype functioned after the parts were changed, and test code was uploaded which worked as expected. Another test program showing an automatic scrolling menu was developed using the timer 1 interrupts; however, this was scrapped due to timing issues. Due to intermittent connectivity issues with the breadboard, the components were transferred to Veroboard. For future iterations, before starting, the availability of the needed components should be verified, as well as ensuring the equipment is not damaged [LH].
[bookmark: _Toc235183976]Veroboard Testing
Following the breadboard stage, the design was transferred to Veroboard to produce a more robust prototype. The components used are provided in Figure 2, with representative components used when necessary. 
The DHT and the LDR were chosen to expand upon the breadboard's potentiometer, allowing for live humidity, light and temperature data to be used, allowing code creation that can handle multiple inputs. The LED resistors were rated at 330Ω; chosen as logic high on a PIC16F877A is 4.5V, resulting in a current sink of 15mA. As the microcontroller could not sink enough current to power the fan, a NPN transistor with a HFE of 150 was used, allowing the fan to be driven on and off under program control. 
The main Veroboard challenge was layout design. This required careful planning to ensure all component connections could be routed sensibly on the board using minimal distance and direction changes. The design was built incrementally, testing functionality as components were placed. The LCD was wired and tested, followed by the buttons, sensors and finally outputs. 
[bookmark: _Toc235183977]Code Implementation
[image: ]The code implements environmental sensing, control and user interface logic as an interrupt-driven state machine.










[bookmark: _Toc235184011]Figure 8: Main Code – State Machine

[image: ]The user interface is implemented as a simple menu state machine with two states: a display mode, which scrolls between the 3 monitored variables and an edit mode, which allows the user to change the target values for the currently selected variable. The confirm button toggles between these two states while the up and down buttons switch the current sensor in display mode, or increment/decrement the selected target value in edit mode [JH].[bookmark: _Toc235184012]Figure 9: Main Code – Button Action

By using interrupts, pin polling isn’t required for implementation. The ISR records the state of the ports at that moment of change and sets a flag. Upon reaching this flag check within the main loop, a function is called. The port is reread after a short delay, continuing only when the two readings are equal, providing simple debouncing of the mechanical buttons.
Temperature and humidity are read from the DHT sensor using a bit-banged implementation of its protocol. The microcontroller pulls the line low to start a reading and times the sensor pulses to ensure the sensor is functioning correctly. Then takes the five-byte stream, which is checked with a checksum to ensure good transmission and no corruption of data. 
As the DHT sensor can only be sampled once per second, a counter is used to limit the reading to every 11th loop of the code, whilst the faster-changing light level is sampled every pass. The values are then compared in the update function, and the outputs are modified if above a set threshold [JH].
[image: ]












[bookmark: _Toc235184013]Figure 10: Main Code - Temp & Humidity Reading





[image: ][bookmark: _Toc235184014]Figure 11: Main Code - DHT Sampling

[bookmark: _Toc235183978]Refined Prototype
Following the design laid out on the Veroboard, a refined prototype was developed using the actual components as opposed to the representative examples. This provided the team with a physical example of what could be developed further to create a more complete product.

[bookmark: _Toc235183979]
Results and Analysis
[bookmark: _Toc235183980]Veroboard Results
Tests of the project were carried out in 4 stages: LCD outputs, User inputs, Environmental Inputs, and Outputs. The detailed test results can be found in Appendix 15. 
As the Veroboard was made incrementally, it meant that any faults or problems could be isolated. The first issue found was that the LDR had been wired in series with ground, which meant that the LDR input pin always read as 0 regardless of light level. This was corrected. The fan was initially wired directly into the PIC’s pins as per a simulation on Proteus. When independently tested, the fan drew 65mA, far more than the PIC could provide. A transistor was connected to +5V, allowing it to sink enough current to power the motor, representing the motor driver.
Software implementation mirrored this process.
[bookmark: _Toc235183981]PCB Testing
Initial tests highlighted errors in the design and areas for improvement.
These included:
· MCLR pull-up resistor was placed in series
· Meaning the programming switch does not work 
· Would have to add a pull-up resistor to MCLR
· Schematic not configured for 2-coil latching relays
· SCD41-D-R1 positioned too close to heat-generating components
· Recommend breakaway board
· Non-ideal pull-up resistor value used on SDA/SCL
· 10k used, 4k7 Resistors would have been better
[bookmark: _Toc235183982]SDC41 Communication
Communicating with the SDC41 chip had many issues, including the previously mentioned incorrect I2C pull-up resistor values. This was identified very late in the testing process, and so, most testing took place with the 10K resistors. The issues seen during tests included incorrect data values. When CRC checks were conducted, these proved the data received was not correct, suggesting reads were not happening simultaneously with data being sent, or the chip had an error. When comparing the data collected against the data expected for correct conditions, it was not similar. A table showing some of the data seen is in Appendix 9.
[bookmark: _Toc235183983]PCB Improvements
A second revision of the system was designed, but time constraints prevented production. The revised schematic (shown in Appendix 11) features improvements to the relay system, utilising a logic gate system containing two N-Channel MOSFETs, allowing each coil to be charged individually, for both set and reset. Flyback diodes were implemented to protect the system from any momentary spikes in current caused by energising inductors within the relays [JH].
To verify the functionality, a replica was simulated, using switches to represent the input logic. This simulation produced acceptable results, so the design was implemented in the circuit.
[image: ]
[bookmark: _Toc235184015]Figure 12: Proteus Relay Simulation

Additionally, other issues noted during testing were also fixed. Finally, the SCD41 chip was placed on a second breakaway board, as the original component placement is very close to the heat-generating voltage regulator, potentially impacting temperature measurements. A breakaway board allows external placement – meaning accurate readings can be drawn within the environment.






[bookmark: _Toc235183984]Conclusions & Evaluation
The project was to design and create a greenhouse central monitoring system, which was able to monitor and adjust the environment towards user-defined target conditions automatically.
Throughout the report, the design process, decisions and issues encountered were documented. Testing of the central systems showed that the project proposal is possible, and the controller can output to external circuits, allowing environmental control.
Although testing highlighted many issues within the designed PCB-based prototype. The breadboard and Veroboard showed simple versions working and had much more time for refinement. Whilst the full motor-driver and relay-driven components have not been tested, simulations show that these are feasible, and a further revision should be sufficient to provide a full working prototype with complete functionality.
The group achieved all the objectives that we originally defined. The team utilised each other's skills when issues arose, and regular meetings highlighted what to work on next. The aim has not been fully tested due to the issues encountered.
If the project happened again, the two biggest changes would be ensuring the components used were consistent across all prototypes and conducting more in-depth reviews. Regularly changing sensors meant the code created was only relevant for that prototype and became redundant afterwards. When it came to using the SDC41 chip initially planned on the PCB, there was much more work involved than would ideally be needed. This could be achieved by purchasing the development boards or creating modules with each component that can be wired into the main board. Overall, the project has been proven to be successful with minor adjustments. 
[bookmark: _Toc235183985]Suggestions for Further Work
The group suggests further time to produce and test a second revision of the board. With the issues fixed, this could be tested and completed in line with the aim of the project.
Further work is required on the code of the project. Within the SDC41 library, the send command and send data functions are incomplete. A preset function using the ‘plant’ structure was created but never utilised, which would allow the user to set and save variables and settings for ideal conditions [CH/JH]. Once created, real-world testing should be conducted.


[bookmark: _Toc235183986]Reflection
Lucy Henson – When working on this project I improved my breadboard proficiency and my ability to work in a group. I became more efficient at interpreting circuit diagrams and fault finding. Working in the group improved my communication and collaboration skills. If I were to do this project again before starting the breadboard prototype, I would ensure all equipment and components worked and were available. This would significantly decrease the amount of time troubleshooting problems and would allow me more time to work on writing programs for the PIC and report writing.
Josh H – The main takeaway I have had from this project is the importance of managing scope creep. At the beginning, everyone had great ideas about what the project could do. Creating a set of requirements that the project must meet helped me greatly to stay on target and ensure we were able to deliver on time, even as extra features were added after we had achieved the basics. I found that the specification we created greatly helped me avoid feeling paralysed by the sheer number of possible things we could implement, and it helped me become an effective team member.
Charles H – I felt the team worked well together, utilising each other's skills and ensuring the work was divided equally. Where possible we helped each other when anyone struggled with their task and utilised fresh views and opinions on each task to notice small errors or suggest improvements. Although meetings and reviews were consistently held, key review points weren't in depth enough and missed critical errors I should have caught. I've found new methods to attempt fault finding with, despite not finding the issues present with the SDC41 chip. The group worked well and would follow a similar approach in future tasks. 
Jacob C – I feel the team worked really well, being sure to work to each other's strengths whilst also assisting one another in the areas we found ourselves lacking in. Everyone took part in the project equally, being sure to get involved and contribute whenever physically possible and we all worked together to produce a product on time, with notes and improvements for a second revision. This board highlighted areas for improvement within my design and implementation abilities, namely with component choice, as some problems within the system could have been avoided had further research been performed prior to the design of the PCB.
Tamsin McKerrow – During this project, I learnt about the challenges involved in working to a strict timeframe with several people. The 2 weeks in person meant that the project felt rushed due to all team members having work commitments, but I still believe the project went well because there is a working prototype, and everyone worked great together. If I were to do the project again, I would have involved myself more in the technical aspects of the project rather than mainly in documentation and project management – I offered technical advice and suggestions as well as formatting the report.
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Aim: To design and implement an embedded greenhouse control system that autonomously monitors and regulates environmental conditions including light levels, moisture, humidity and temperature to optimise plant growth.
Objectives: 
· Research existing solutions for automated greenhouse systems and the relevant sensors to inform design decisions
· Design a system using a central microcontroller to interface with multiple peripherals incorporating a light sensor, soil moisture sensor, humidity sensor and temperature sensor
· Implement automated outputs including an LED grow light,water pump motor, heater fan humidifier/dehumidifier relay switched where necessary to respond to a sensor readings
· Design a breadboard prototype and PCB 
· Test and evaluate the system
Ethics: We see no participant involvement in the project and as such the project is deemed as ethically low risk.
Over the course of the project we will be collecting data and information, this however will not be personal or identifying, this will be stored in a cloud based service with access allowed only to those in the group. 
Personal risk has been identified and measures will be put in place to mitigate any danger working in a laboratory and on electronic equipment.
We see little risk to the university and the risk to the environment is low.
Proposed Budget: 
· Estimated prototype board cost of £80.00 and a PCB cost ranging from £30.00 to £120.00.This can be broken down into parts costing between £75.00 to £100.00 with some parts already being accessible to use 
· The spare budget will be used to cover any damage to components while in the prototype phase
· Estimated work time for 5-person team: 60 hrs.
· If each person is £20/hr, ~£6,000
Proposed Resources:
uC: PIC16F877A
12V COTS PSU
4x motors + controller chip
2x relays
SCD41 environmental sensor
16x2 LCD Display
Generic components (R, C, 5V reg, clock, buttons, LEDs)
Proposed Methods: 
Schematic creation in Altium designer, with design reviews for all to input. 
Simulation conducted using Proteus professional.
Breadboard prototyping before finalising PCB and ordering.
PCB layout in Altium designer with design reviews to ensure an accurate design.
Final testing of PCB and assembly with enclosure.

[image: ][bookmark: _Toc235184016]Figure 13: Design Proposal Slide 7
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Lucy Henson:
Growing concerns about food shortages and scarcity from things like climate change, natural disasters and wars are causing changes to how people grow and monitor plants and vegetables used in food production. The current level of food insecurity in the world is high with around 720-811 million people currently undernourished while about 2.3 billion people are affected by malnutrition. The integrated food security phase classification indicates that currently 200,000 people are at a catastrophic food insecurity level (2022) [3]. The world food programme estimates that 7.8-8.8% of the world population is facing food shortages and that number is expected to rise as climate conditions worsen [17]. Researchers over the past 20 years have been looking into greenhouse monitoring systems designed to recreate the perfect conditions required for a plant to grow healthy. These systems are being heavily researched due to their ability to improve crop yield while reducing resource wastage. In a study on IoT based monitoring and control for optimised plant growth in smart greenhouse. The use of a smart greenhouse monitoring system saw a reduced energy usage of 25% through dynamic climate and crop specific adjustments [13].The integration of solar energy further improved the sustainability and decreased energy dependence and electricity expenses by 40%.Another review on greenhouse monitoring methods and technologies by Yu Gao showed that compared to with normal methods of growing tomatoes ones grown in automated greenhouses based on IoT monitoring grew twice as fast  and that keeping the environmental factors such as temperature and humidity as certain levels can improve the quality and quantity of plants and save resources [14]. A study by Anil Bhujel on the effects of sensor systems for greenhouse microclimate monitoring and control. The greenhouse was able to save 20-35% of energy and the overall uniformity of greenhouse microclimate was maintained in the 75-100% range [18].It concluded that the critical factors maintain an efficient greenhouse monitoring system were controlling the temperature and humidity and that other parameters such as light intensity, CO2 and soil moisture were a necessary requirement however the sensors chosen to stay inside the greenhouse must be able to withstand humid environments without degrading. The advances in intelligent and autonomous greenhouse systems study on smart greenhouses using an Arduino microcontroller found that there was a 38.54% reduction in energy consumption compared to conventional controllers and that the plants grown in the greenhouse showed better growth performance and used 16.5% less water than those cultivated in conventional pots however did note that the high humidity levels led to insect infestations. The smart greenhouse used in that system also employed ZigBee technology to provide real time parameter measurements and communication including generating alerts when a fault occurred due to this the system reduced its reliance on manual labour and minimized crop failures [15].
Charles H:
Various studies have shown that managing your own green space, such as greenhouses, have both personal and societal benefits. These include physical and psychological improvements, as well as societal benefits such as preventing a central ownership of resources as possible by the Lockean proviso and avoiding the use of GM and trademarked plants [ [19], pp. 18, 85, 287] [ [7], pp. 53, 60-61].
Different plants prefer different climates for optimal growth. Some of the main conditions are light levels of various wavelengths, temperature, CO2 and humidity levels. Having an adjustable system increases the viability of the product by adding potential markets in different climates or different plants. [ [19], pp. 9-10, 76, 102-104, 133-134, 137, 140] [11]
Climate control is required for vertical farming. With increasing global population, land usage becomes critical, [ [9], pp. 2-3] and as such global issues like reaching Paris and other climate agreement targets become increasingly significant [ [7], pp. 18-19, 61-67] considering recent patterns in weather such as global temperatures [10]. Theoretically, local production minimises logistics chains, and improves local food security, ideal for sub-optimal or desolate climates such as deserts or underground. Micro-climate control allows optimised management system based on local factors for optimised growth of selected produce [ [19], pp. 22-23, 85] [ [7], pp. 53-55] [11]. Currently these systems are highly energy intensive, but save on resources such as water, which in the future may become increasingly financially viable compared to traditional methods. [ [7], pp. 19, 32, 40, 125, 128-131] [ [9], p. 2].
Josh H:
There are increasing concerns over food shortages driven by climate change, conflict, and natural disasters. Mirzabaev et al. estimate that between 720 million and 811 million people are currently undernourished and approximately 2.3 billion are affected by malnutrition [3]. The World Food Programme puts the share of the global population facing food shortages at 7.8 to 8.8 percent, a figure expected to rise as climate conditions deteriorate [17]. These pressures make a compelling case for agriculture systems capable of producing reliable yields independently of climate. Local food production reduces dependence on global supply chains, and in a context of increasing climate disruption, efficiency in that production is no longer optional [7].
Controlled-environment agriculture enables year-round cultivation in climates otherwise hostile to plant growth, and vertical farming extends this to deserts and dense urban areas where conventional agriculture is not viable. Both approaches, however, remain energy-intensive and have yet to prove commercially competitive at scale [11]. This project therefore targets the energy overhead directly, through intelligent monitoring and automated environmental control.
Bhujel et al. reviewed sensor systems for greenhouse microclimate monitoring and concluded that temperature and humidity are the most critical variables to regulate, with light intensity, CO₂ concentration, and soil moisture forming necessary secondary measurements [13]. They found that a well-designed sensor network can reduce energy use by 20 to 35 percent relative to uncontrolled cultivation, and that automated monitoring and actuation can maintain microclimate uniformity in the 75 to 100 percent range.
Temperature governs the rate of photosynthesis, transpiration, and enzymatic activity. Stanghellini et al. show how the optimal range varies by species and growth stage, and quantify the yield penalties incurred when temperature deviates beyond that range for a given cultivar [18]. Humidity interacts with temperature through the vapour pressure deficit, which determines the rate at which water moves from soil through the plant and into the atmosphere. Relative humidity that is too high suppresses transpiration and promotes fungal disease; too low, and stomatal closure restricts CO₂ uptake. The system specification therefore requires concurrent monitoring of both variables, a requirement met by the chosen sensor architecture. In a well-sealed greenhouse, CO₂ concentration can fall significantly below atmospheric levels during periods of active photosynthesis, limiting growth even where supplementation is not used; Bhujel et al. note that monitoring CO₂ provides diagnostic value by revealing the balance between plant respiration and photosynthesis [18]. Soil moisture governs nutrient uptake and root health. In soil-based cultivation, where there is no flowing nutrient solution to act as a buffer, the timing of irrigation must be precise.
Research into automated greenhouse systems has grown considerably over the past two decades, accelerated by falling sensor costs, low-power microcontrollers, and accessible IoT platforms. The results are consistent: Bouarroudj et al. developed an IoT-based monitoring and control platform that achieved a 25 percent reduction in energy consumption through dynamic, crop-specific climate adjustments, with integrated solar generation cutting electricity costs by a further 40 percent [13]. Li et al. found that tomatoes grown in IoT-monitored automated greenhouses achieved roughly twice the growth rate of conventionally grown controls, with tighter environmental regulation improving both yield quality and quantity while reducing resource waste [14]. Al-Najadi et al. reviewed a system controlled by an Arduino microcontroller that reduced energy consumption by 38.5 percent relative to a conventional controller, alongside improved plant growth performance and a 16.5 percent reduction in water use [15]. Taken together, these studies indicate that automated monitoring and control consistently deliver meaningful gains in energy efficiency, resource use, and crop performance.
Jacob C:
Throughout the globe there is an increasing concern surrounding agriculture and food shortages, with over 360 million people being at risk of acute hunger around the globe [4]. Within the UK alone, 80% and 50% of its fruit and vegetables respectively are imported [5], leading to rising prices and further shortages [6].
One solution to combatting this is through the use of greenhouses, providing a safe and controlled environment for people to be able to grow their own fruit and vegetables [5]. Greenhouses offer stable, year round, fruit and vegetable production [5], using minimal land, providing a stable and consistent source of food at relatively little cost.
Ideal growth conditions vary from plant to plant, with some preferring more tropical environments, as would be found in areas such as South America, with other plants preferring colder, harsher environments such as what would be found in Ireland. Active control systems for a greenhouse are ideal to remedy this problem as they allow for the environment to be controlled in real time [20] to realistically recreate the perfect growth conditions for the plant. These systems allow for the control of different variables, such as CO2 concentration, temperature, humidity, soil water saturation and sunlight exposure [21].
Greenhouses also permit vertical farming, a form of farming wherein plots are stacked vertically in a fully controlled environment [12]. This creates a space efficient solution for growing crops, allowing for the same number of crops as would be found in an ordinary field to be compressed into a building the fraction of the size, minimising the burden of capacity that would typically be found in an ordinary field, whilst also providing the perfect environment for micro-climate control [12]. 
Tamsin McKerrow:
In recent times, global food production and agriculture are facing challenges due to the predicted global population of 9.8 billion by 2050 [1], growing urbanisation, limited arable land, and weather extremes induced by climate change [2]. As a result, advancements in horticultural research should be applied to boost future efficiency and production, improve nutrition, ensure food security, and address crises such as COVID-19. Developments in greenhouse technologies have encouraged science-based solutions for optimal plant production by adjusting internal climate factors such as temperature, light intensity, and CO2 concentration [2]. A potential risk factor is that greenhouses consume more energy compared to other agricultural businesses; thus, reducing energy use in agricultural greenhouses has been identified as an essential sustainable development target [2].
Some critical issues in modern agriculture include over-fertilisation and over-irrigation, leading to nutrient leaching, soil degradation, groundwater contamination, and reduced crop productivity [8]. A study published in 2025 [8] presented an automatic irrigation and fertilisation system (AIFS) designed for smart greenhouse cultivation – it utilises IoT sensors, automated control units, and real-time environmental data analytics to optimise water and nutrient delivery [8].
Other control systems that could be used include the following: PID control, fuzzy control, model predictive control (some of the more conventional control strategies), and intelligent control strategies such as neural network-based control, reinforcement learning-based control, adaptive control, feedback linearisation, and event-based control [16].
According to various physical, chemical or biological processes within the greenhouse and their different time scales/KPIs, a multilayer hierarchical control architecture is generally constructed, which has three layers as follows [22]:
[image: ]
[bookmark: _Toc235184018]Figure 15: Multilayer Control for Greenhouse Crop Growth [22]
The structure shown in Figure 16 illustrates all the components required for efficient greenhouse management. The climate and setup of the greenhouse will depend on the plant species, the location's climate, and the available resources.
Using intelligent control systems is a huge advancement in precision agriculture – multi-sensor integration enhances precision and resilience, but faces challenges in calibration and interoperability, as well as issues with scalability and computational cost of advanced filtering (such as Kalman, AI-based and hybrid models), even though it offers greater data integrity [23]. When developing a greenhouse central management system, it is important to keep in mind that technical performance is crucial, but implementation feasibility, affordability, sustainability and scalability must be at the forefront of any development considerations.
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Introduction and Design Brief
A solution is required to design and implement an embedded greenhouse control system that autonomously monitors and regulates the environmental conditions, including light levels, moisture, humidity and temperature, to optimise plant growth. 
1. Performance and Function
1.1. The solution must be simple to use.
1.2. The solution should monitor greenhouse light levels, moisture levels, humidity, and temperature using the appropriate sensors.
1.3. The solution should adjust the monitored variables through the following outputs: heater, cooler, grow light, air intake, dehumidifier, humidifier and water pump. 
1.4. The solution should have push buttons for the user to access the controls.
1.5. The user should be able to alter the ‘expected’ value for each variable depending on plant species, time of day and season. 
1.6. 230VAC mains should power the solution with an ‘off-the-shelf’ power adapter to 12VDC.
1.7. Any electronics should be able to operate at a temperature of 25℃±10.
2. Quality and Consistency
2.1.  The solution should be able to record conditions consistently over time with the same amount of accuracy.
3.   Safety
3.1.  The solution should not have any open terminals or wires that could harm the user.
3.2.  The solution should not have any user-replaceable components.
3.3.  The solution should not have any flimsy or faulty parts to ensure that the user is not injured. 
4.   Product Life
4.1.  The solution should last a minimum of 1 year.
5.   Operating Environment
5.1.  The solution will be used in a closed greenhouse with high humidity. 
6.   Cost
6.1.  The cost of the solution should be kept to a minimum without sacrificing performance.
6.2.  The cost of the research and prototyping should not exceed £120.
6.3.  The cost of the final solution should not exceed £25 per unit.
7.   Legislation
7.1.  The solution should comply with the local disposal legislation (WEEE – Waste Electrical and Electronic Equipment).
7.2.  The solution enclosure (if used) should be at least IPX4 rated under the IEC 60529 regulations.
8.   Maintenance
8.1.  There should not be any maintenance required by the user. 
8.2.  Calibration may be required 
9.   Materials
9.1.  Any PCBs manufactured for this solution should be composed of FR4 1oz/2oz laminate and have a surface finish of ENIG. 
9.2.  If a PCB for the solution is not enclosed, it must be potted or conformally coated.
10.  Ergonomics
10.1.  Any user controls should be easy to operate.
10.2.  Any sockets for power to be connected should be easily accessible.
11.  Aesthetics
11.1.  Any wires or cabling used should be in a neat arrangement.
11.2.  The digital display should be clearly visible and easily readable. 
12.  Documentation
12.1.  All documents should be up to date, such as the Bill of Materials and any schematic diagrams, etc.
12.2.  Any instructions or manuals for the user should be kept on a shared drive or other accessible location as well as being printed out for the user.
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Executive Summary
This project targets to monitor and improve crop growing conditions in greenhouses for optimal plant growth and increased yield. Resource, technical and operational feasibility assessments have been conducted resulting in the demonstration of adequate skillset and equipment availability to complete the project within the strict timeline and budget available. Legal and regulatory considerations as well as environmental and social impacts have been recognised and should be factored into the project. 
The final recommendation is to proceed with the project as expected and monitor progress alongside the timeline and budget. 
Project Aims and Objectives
Aim: To design and implement an embedded greenhouse control system that autonomously monitors and regulates environmental conditions, including light levels, moisture, humidity and temperature to optimise plant growth. 
Objectives: 
· Research existing solutions for automated greenhouse systems and the relevant sensors to inform design decisions.
· Design a system using a central microcontroller to interface with multiple peripherals, incorporating a light sensor, soil moisture sensor, humidity sensor, and temperature sensor.
· Implement automated outputs including an LED grow light, water pump motor, heater, fan and humidifier/dehumidifier relay switched where necessary to respond to sensor readings.
· Design a breadboard prototype and a PCB.
· Test and evaluate the system.
Resource Requirements
Workforce: The human resource required for this project includes a team of 5 students. 
Materials and Equipment: Materials and equipment for this project will include breadboards, jumper wires, a power supply, oscilloscope and PicKit 3/4 in which all personnel are proficient in using.
Facilities: The majority of work will be carried out in Swansea at UWTSD because there is an Electronics Lab available and all personnel are in the same place. Other activities such as PCB assembly and some report writing will be done at individual workplaces. This may require additional planning as each member of the team will be in a different area and it will be more difficult to collaborate. 
Components: Components required for the project will be defined during the development stage - cost and availability will be considered before selection and procurement.
Software: The software required for this project are Altium Designer, Proteus Professional, CCS C and MPLAB X IPE, all of which student or free licenses are available for all personnel to use. All members of the workforce have also been trained to use each piece of software.
Technical Feasibility
Available technology included Altium Designer, Proteus Professional, CCS C with all members of the team being efficient in using these pieces of software.
All individuals are capable and have the required skills to complete each task essential to the completion of the project. The equipment to be used is up to standard, PAT tested and the facilities are open for individuals to use. Technical risks could include code optimisation.
Financial Feasibility
Funding Sources: Individual employer allocated apprentice budget of £50, so the project resource budget is £250.  
Estimated Project Cost: £220
· Prototype = £50
· Components = £150
· PCB = £20
Operational Costs: £13,302
Note: Assuming 114 hours of work @ approx. £23.34 per hour per person.
Return on Investment: ROI = (Net Profit/Cost of Investment) x 100 = 15,498/29,502 x 100 = 52.53%
Manufacture Cost per PCB = £54 x300 = £16,200
Note: Per PCB cost estimated on prototype cost, but actual cost may be less due to bulk procurement assuming economies of scale.
Sell for £150, 5x a month for 5 years = £45,000
Profit Over 5 Years: £15,498
Market Feasibility
Target Market: Small greenhouse systems owned by “hobbyists” or small farms.
Demand for this product is increasing but not everyone has the ability to spend hundreds and thousands on greenhouse management systems to keep their crops healthy. This is why a budget friendly solution is required. 
Similar products available on the market range from £134.23 for temperature and humidity monitoring products to £357.94 for a low-end temperature and humidity controller.
Operational Feasibility
Once the team has manufactured and tested the system, future products can be outsourced to then be sold and shipped by a third party.
Workforce skill is adequate for the completion of this project.
Scheduling Feasibility
The project Gantt chart is shown in figures _ and _, which illustrates the project timeline and key milestones. There is a small scheduling risk that the project may not be complete if testing does not progress as expected because of the very small timeframe - however, this will not stop the product from being pushed to market at a later date. 
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Legal and Regulatory Considerations
Legal and regulatory considerations must include the following:
· WEEE (Waste of Electrical and Electronic Equipment)
· BS 7671 IET Wiring Regulations
· IPX Rating for water and moisture ingress (consider conformal coating, potting and enclosures)
· Health and Safety at Work Act 1974
· RoHS (Restriction of Hazardous Substances)
· CE/UKCA marking where applicable
Environmental and Social Impact
The potential environmental and societal effects of the project include:
· Sustainability
· Energy consumption -> may be reduced by selecting energy efficient sensors, but the system is intended for small applications therefore should not consume excessive amounts of energy.
· Battery use -> mains power is connected to power the system to mitigate the need for batteries and the harm excessive battery use may cause to the environment. 
· Radiofrequency emissions -> minimal, but should be measured for compliance due to greenhouses being placed near airports and other secure facilities.
· Ethical concerns
· Have to be cautious of suppliers used to ensure no unethical activity is occurring during component purchasing or PCB manufacture.
· Community impact assessments
· High positive impact to the community due to increased yield by creating ideal conditions for the plants.
Conclusion
The project is feasible with the positive impact to food yield and price per unit outweighing any negative impact or constraint. Some concerns to supervise include strict time and budget constraints but in spite of this, the project should still be successful. The assessment of resource, technical and operational feasibility demonstrate adequate team skillset and equipment is available to successfully complete the project. Legal and regulatory considerations as well as environmental and social impacts have been recognised and should be factored into the project. 
Final Recommendation
The final recommendation is to proceed with the project as expected and monitor progress alongside the timeline and budget. 
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#include <main.h>

// LCD Pin Definitions
#define LCD_ENABLE_PIN PIN_D1
#define LCD_RS_PIN     PIN_D0
#define LCD_RW_PIN     PIN_D2
#define LCD_DATA4      PIN_D4
#define LCD_DATA5      PIN_D5
#define LCD_DATA6      PIN_D6
#define LCD_DATA7      PIN_D7

// Button Bit Flags (pin goes LOW when pressed)
#define B5_BitFlag 0x20  // Up
#define B6_BitFlag 0x40  // Confirm
#define B7_BitFlag 0x80  // Down

// Output Pin Definitions
#define HEATER_PIN       PIN_C5
#define COOLER_PIN       PIN_C3
#define GROW_LIGHT_PIN   PIN_C4
#define DEHUMIDIFIER_PIN PIN_C6
#define HUMIDIFIER_PIN   PIN_C7
#define WATER_PUMP_PIN   PIN_C0

// Input Definitions
#define DHT_PIN          PIN_A1
#define LIGHT_PIN        PIN_A0

#define time_200us       200 

#include <lcd.c>

// 
typedef enum {
    STATE_DISPLAY,  // Scrolling between variables
    STATE_EDIT      // Adjusting target for selected variable
} MenuState;

/* TO DO: Implement Struct so we can save preferences for plants 
struct plant {

   float humidity_lvl_trg;
   float moisture_lvl_trg;
   float temp_trg;
   float light_lvl_trg;
};
*/

MenuState menu_state = STATE_DISPLAY; // Intialise State machine in display mode
int selected_sensor = 1;  // 1 = Moisture, 2 = Humidity, 3 = Temp, 4 = Light

// Flags 
int isr_flag      = 0;
int confirm_flag  = 0;
int up_flag       = 0;
int down_flag     = 0;

// Sensor Levels, target levels and inputs vars
float moisture_lvl     = 0.0;
float moisture_lvl_trg = 50.0;

float humidity_lvl     = 0.0;
float humidity_lvl_trg = 70.0;
float rh_int           = 0.0;
float rh_dec           = 0.0;

float temp             = 0.0;
float temp_trg         = 25.0;
float t_int            = 0.0;
float t_dec            = 0.0;


float light_lvl        = 0.0;
float light_lvl_trg    = 500.0;
int16 raw;


int8 first_read; // Saves the state of the pins when the isr is called
int8 DHT_counter = 0; // DHT operates every second, this is a counter to track when it should be polled
int checksum; // Used as a check for a good read of the DHT
#define THRESHOLD 2.5 // Threshold that the needs to be passed for program to run

// ISR, runs when an iput on RB0-4 is changed
#INT_RB
void RB_isr(void) {
    first_read = input_b();
    isr_flag = 1;
    
}


// Starts the poll for data
int DHT_start(void) {
   int16 timeout = 0; // If after 200us the start up will fail
   
   // Tells the chip that the PIC is ready for data
   output_low(DHT_PIN);
   delay_ms(18);
   output_float(DHT_PIN); // Floating the pin so the DHT can effect it
   delay_us(40);
   
   // The DHT must bring the signal pin high then low then high
   while(input(DHT_PIN) && timeout <time_200us){
   delay_us(1);
   timeout++;
   }
   if (timeout >= time_200us){
   return 0;
   }
   timeout = 0;
   while(!input(DHT_PIN) && timeout <time_200us){
   delay_us(1);
   timeout++;
   }
   if (timeout >= time_200us){
   return 0;
   }
   timeout = 0;
   while(input(DHT_PIN) && timeout <time_200us){
   delay_us(1);
   timeout++;
   }
   if (timeout >= time_200us){
   return 0;
   }
   
   return 1;
   
}

// Reads the data from the DHT puts it into a var
int8 DHT_read_byte(void){

   int i; // Iterable
   int8 data = 0; // 8bit return var for data
   int16 timeout; // Used to ensure bit timings are correct
   
   for (i = 0; i <8; i++){ // Repeat 8 times
   
   timeout = 0;
   while (!input(DHT_PIN) && timeout < time_200us){ 
   
   delay_us(1);
   timeout++;
   
   }
   delay_us(30);
   
   data <<= 1;
   if (input(DHT_PIN)){
   
      data |= 1;
   }
   timeout = 0;
   while (input(DHT_PIN) && timeout < time_200us){
   
   delay_us(1);
   timeout++;
   
   }
   
   }
   return data;
}


// Called when a button is pressed
void Button_Action(void) {
    
    
    
    delay_ms(20);                   // Wait for bounce to settle
    int8 second_read = input_b();   // Saving the state of the B port again

    // Only run if state is stable across both reads
    if (first_read != second_read) return;

    // NANDing second read and bit flag to determine which pin was pressed
    if (!(second_read & B5_BitFlag)) {  
        up_flag = 1;
    }
    else if (!(second_read & B6_BitFlag)) { 
        confirm_flag = 1;
    }
    else if (!(second_read & B7_BitFlag)) { 
        down_flag = 1;
    }
}

// Takes the input from the byte read func and outputs readable data
int1 DHT_read(float *humidity, float *temp) {

   if (!DHT_start()){
      return 0;
   }

   rh_int = DHT_read_byte();
   rh_dec = DHT_read_byte();
   t_int = DHT_read_byte();
   t_dec = DHT_read_byte();
   checksum = DHT_read_byte();

   // Checksum to ensure data is correct
   if (checksum != (int8)(rh_int + rh_dec + t_int + t_dec)){
     
      return 0;
      }
   // Handling so the data is in a human readable format
   *humidity = (float)rh_int + (float)rh_dec / 10.0; 
   *temp = (float)t_int + (float)t_dec / 10.0;
   return 1;
}

// Checks all outputs are correct, if not changes them
void update_outputs(void) {

    // Temperature: heater if air too cold, cooler if air too hot
    if (temp < temp_trg - THRESHOLD){
        output_high(HEATER_PIN);
        
    }
    else
        output_low(HEATER_PIN);

    if (temp > temp_trg + THRESHOLD)
        output_high(COOLER_PIN);
    else
        output_low(COOLER_PIN);

    // Humidity: humidifier if air too dry, dehumidifier if air too wet
    if (humidity_lvl < humidity_lvl_trg - THRESHOLD)
        output_high(HUMIDIFIER_PIN);
    else
        output_low(HUMIDIFIER_PIN);

    if (humidity_lvl > humidity_lvl_trg + THRESHOLD)
        output_high(DEHUMIDIFIER_PIN);
    else
        output_low(DEHUMIDIFIER_PIN);

    // Moisture: water pump if soil too dry
    if (moisture_lvl < moisture_lvl_trg - THRESHOLD)
        output_high(WATER_PUMP_PIN);
    else
        output_low(WATER_PUMP_PIN);

    // Light: grow light if plant too dark
    if (light_lvl < light_lvl_trg - THRESHOLD)
        output_low(GROW_LIGHT_PIN);
    else
        output_high(GROW_LIGHT_PIN);

}

// LCD Update based on what the user has inputted
void update_display(void) {

    // Prints to display what sensor the user has currently selected 
    // and if they are in edit mode or not
   
    switch (selected_sensor) {
        case 1:
            if (menu_state == STATE_DISPLAY)
                printf(lcd_putc, "\fMoisture:\n%.1f%%", moisture_lvl);
            else
                printf(lcd_putc, "\fMoisture TGT:\n%.1f%%", moisture_lvl_trg);
            break;
        case 2:
            if (menu_state == STATE_DISPLAY)
                printf(lcd_putc, "\fHumidity:\n%.1f%%", humidity_lvl);
            else
                printf(lcd_putc, "\fHumidity TGT:\n%.1f%%", humidity_lvl_trg);
            break;
        case 3:
            if (menu_state == STATE_DISPLAY)
                printf(lcd_putc, "\fTemp:\n%.1fC", temp);
            else
                printf(lcd_putc, "\fTemp TGT:\n%.1fC", temp_trg);
            break;
        case 4:
            if (menu_state == STATE_DISPLAY)
                printf(lcd_putc, "\fLight:\n%.0f lux", light_lvl);
            else
                printf(lcd_putc, "\fLight TGT:\n%.0f lux", light_lvl_trg);
            break;
    }
}

// Main
void main(void) {

    // Enable the interupts
    enable_interrupts(INT_RB);
    enable_interrupts(GLOBAL);
    
    // Enable analog pins
    setup_adc_ports(AN0);
    setup_adc(ADC_CLOCK_INTERNAL);
    
    // Initalise LCD
    lcd_init();
    
    // Set Ports A and B to inputs
    set_tris_a(0xFF);
    set_tris_b(0xFF);
   
    // Wait for pins to settle
    delay_ms(500);
   
    // Start Screen
    lcd_putc("\fGreenhouse\nManagement Sys");
    delay_ms(1000);

    // Loop Always
    while (TRUE) {

        // Has button been pressed
        if (isr_flag == 1) {
            Button_Action();
            isr_flag = 0;
        }
        
        // Read the sensors 
        
        if (DHT_counter > 10){
           
           DHT_read(&humidity_lvl, &temp); // Read into the global vars
           DHT_counter = 0;
        }
        DHT_counter++;
       
        set_adc_channel(0);
        delay_us(20);
      
        raw = read_adc();
        light_lvl = (1.0 -((float)raw / 1032.0)) * 1000.0;  
        
     
           // If OK pressed flip modes
        if (confirm_flag == 1) {
            
            confirm_flag = 0;
            
            if (menu_state == STATE_DISPLAY) {
                menu_state = STATE_EDIT;
            } 
            else {
                menu_state = STATE_DISPLAY;
            }
        }

        // Up Button 
        if (up_flag == 1) { // If up is pressed
            up_flag = 0;
            
            if (menu_state == STATE_DISPLAY) { // Check if currently in display mode
                
                selected_sensor--; // Change selected sensor 
                
                if (selected_sensor < 1) selected_sensor = 4;  // Wrap around

            }
            else {
                
                // Must be in edit mode: Increment selected var
                switch (selected_sensor) {
                    
                    case 1: moisture_lvl_trg += 1.0;
                    break;
                   
                    case 2: humidity_lvl_trg += 1.0;
                    break;
                    
                    case 3: temp_trg         += 0.5;
                    break;
                    
                    case 4: light_lvl_trg    += 10.0;
                    break;
                }
            }
        }

        // Down Button 
        if (down_flag == 1) { // If down is pressed
            down_flag = 0;
            

            if (menu_state == STATE_DISPLAY) { // Check if currently in display mode
                
                selected_sensor++; // Change sensor 
                
                if (selected_sensor > 4) selected_sensor = 1;  // Wrap around

            } else {
                  
                  // Must be in edit mode: Increment selected var
                switch (selected_sensor) {
                   
                    case 1: moisture_lvl_trg -= 1.0;
                    break;
                    
                    case 2: humidity_lvl_trg -= 1.0;
                    break;
                    
                    case 3: temp_trg         -= 0.5;
                    break;
                    
                    case 4: light_lvl_trg    -= 10.0;
                    break;
                }
            }
        }
        
        // Update the display
        update_display();
        // Update outputs
        update_outputs();
        
        delay_ms(100); // Slow down refresh
    }
}
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Sdc41.h file:
#ifndef SCD41_H
#define SCD41_H
#include "sdc41.c"
#define SCD41_I2C_ADDR 0x62
void SDC41_periodic_measurement(int8 type);
void SDC41_read_measurement(void);
void scd41_send_cmd(int16 cmd);
void scd41_send_data(int16 data);
/*
// core I2C primitives
void scd41_i2c_start(void);
void scd41_i2c_stop(void);
void scd41_i2c_write_byte(int8 data);
int8 scd41_i2c_read_byte(int1 ack);

// CRC
int8 scd41_crc8(int8 *data, int8 len);

// commands
void scd41_start_periodic_measurement(void);
void scd41_stop_periodic_measurement(void);
void scd41_reinit(void);
void scd41_factory_reset(void);

int1 scd41_read_measurement(int16 *co2, int16 *temp, int16 *rh);
int1 scd41_data_ready(void);
*/
#endif

Sdc41.c file:
#include "scd41.h"

/*HOW TO USE IN MAIN CODE
CALL PERIODIC MEASUREMENT TO START SDC41 TAKING MEASUREMENTS,
0 = OFF, 1 = 5S INTERVALS, 2 = 30S LOW POWER INTERVALS
CALL READ MEASUREMENTS. THIS UPDATES GLOBAL VALUES WHERE POSSIBLE
USE SDC41_CO2, SDC41_Temperature and SDC41_Humidity in main code.
Any other write command for SDC41 can be used passing 0xabcd into sdc41_send_cmd
To send data, use scd41_send_data passing 0xabcd data
*/

int16 SDC41_CO2; //Global CO2 value (PPM Parts Per Million)
float SDC41_Temperature; //Global temperature value (Celcius)
float SDC41_Humidity; //Global humidity value (Relative %)

//from SDC41 Datasheet:
#define CRC8_POLYNOMIAL 0x31
#define CRC8_INIT       0xFF

#define START 1
#define STOP 0

//Directly from datasheet
uint8_t sensirion_common_generate_crc(const uint8_t* data, uint16_t count) { 
    uint16_t current_byte; 
    uint8_t crc = CRC8_INIT; 
    uint8_t crc_bit; 
    /* calculates 8-Bit checksum with given polynomial */ 
    for (current_byte = 0; current_byte < count; ++current_byte) { 
        crc ^= (data[current_byte]); 
        for (crc_bit = 8; crc_bit > 0; --crc_bit) { 
            if (crc & 0x80) 
                crc = (crc << 1) ^ CRC8_POLYNOMIAL; 
            else 
                crc = (crc << 1); 
        } 
    } 
    return crc; 
}

//Repeated start function.
void SDC_I2C_Start(int8 read){ 

   i2c_start(EEPROM_STREAM);
   
   //Write I2C address to comm with SDC41, shifted left + r/w
   i2c_write((SDC41_I2C_Address) << 1 | read ); //Write is 0, Read is 1
   
}//SDC_I2C_Start

/*SDC41_periodic_measurement
* 1 = start, 0 = stop. 2 = low power
*  start = 5s intervals, low power = 30s
*  Restricts usage of chip while enabled. 
*/
void SDC41_periodic_measurement(int8 type){
//Command no CRC
   SDC_I2C_Start(0); 
   if (type == 2){
      i2c_write(0x21); //(start_low_power_periodic_measurement)
      i2c_write(0xac);
   }//2
   else if (type == 1){ 
      i2c_write(0x21); //(start_periodic_measurement)
      i2c_write(0xb1);
   }//1
   else if (type == 0){ 
      i2c_write(0x3f); //(stop_periodic_measurement)
      i2c_write(0x86);
   }//0
   i2c_stop();
}

void SDC41_read_measurement(int8 measurements[]){

//By re-stating variables upon entry, values are cleared so using or | uses only current values.
   int16 ready_return;
   int8  ready_CRC;
   int16 CO2_return;
   int8  CO2_CRC;
   int16 temp_return;
   int8  temp_CRC;
   int16 humid_return;
   int8  humid_CRC;
   
//get_data_ready_measurement checks if data can be read
   SDC_I2C_Start(0);
   i2c_write(0xe4); //send get_data_ready
   i2c_write(0xb8);
   //Command no CRC
   
   //Execution time of 1ms
   delay_ms(1);
   
   SDC_I2C_Start(1);//read returning data.
   
   ready_return = ((int16)i2c_read() << 8);
   ready_return |= i2c_read();
   ready_CRC = i2c_read();
   i2c_stop();
   
   //Data not ready if ready_return = 0x8000, by continuing, data is ready
   if ((ready_return & 0x07FF) == 0){
   
   return; //exit
   
   } 
   
   SDC_I2C_Start(0);
   i2c_write(0xec); //send read_measurement
   i2c_write(0x05);
   //Command no CRC
   
   SDC_I2C_Start(1); //re-initialise i2c to read returning data.
   
   //CO2 Data
   CO2_return = ((int16)i2c_read() << 8);
   CO2_return |= i2c_read();
   CO2_CRC = i2c_read();
  
   //Temperature data
   temp_return = ((int16)i2c_read() << 8);
   temp_return |= i2c_read();
   temp_CRC = i2c_read();
  
   //humidity data
   humid_return = ((int16)i2c_read() << 8);
   humid_return |= i2c_read();
   humid_CRC = i2c_read();
   i2c_stop();
   
   //Write to global variables.
   SDC41_CO2 = CO2_return;
   SDC41_Temperature = -45.0 + (175.0 * temp_return / 65535.0);
   SDC41_Humidity = (100.0 * humid_return / 65535.0);
}

void scd41_send_cmd(int16 cmd)
{
   SDC_I2C_Start(0);

   i2c_write((cmd>> 8) & 0xFF);
   i2c_write(cmd & 0xFF);

   i2c_stop();
}

void scd41_send_data(int16 data)
{
    uint8_t buf[2];

    buf[0] = (data >> 8) & 0xFF;   // MSB
    buf[1] = data & 0xFF;          // LSB

    uint8_t crc = sensirion_common_generate_crc(buf, 2);

    SDC_I2C_Start(0);

    i2c_write(buf[0]);
    i2c_write(buf[1]);
    i2c_write(crc);

    scd41_i2c_stop();
}
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	Setting
	ready[0]
	ready[1]
	ready_crc
	Crc generated

	Force_sw (pins defined
	1F
	1F
	3F when not ack
1F when ack
	1B

	Force_hw (pins defined)
	FF
	7F
	7F
	D6

	hw/sw not forced
	FF
	7F
	7F
	D6

	Force_hw (I2C1)
	FF
	7F
	7F
	D6


[bookmark: _Toc235184021]Figure 18: Data During get_data_ready_status

	Temperature received
	Temperature Hex Value
	Binary

	130 Deg C
	BE58
	1011 1110 0101 1000

	129.6 Deg 
	FF69
	1111 1111 0110 1001

	42.1 Deg C
	7F69
	0111 1111 0110 1001

	Target 23 Deg C in an air-conditioned environment
	6379
	0110 0011 0111 100


[bookmark: _Toc235184022]Figure 19: Common Temperature Data Received During Errors
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	Resistor
	Generic resistors, potentiometers or in dual in line resistor packs for tidiness

	Capacitor
	Generic capacitors

	Microcontroller
	PIC16F877A

	Crystal
	Generic crystal

	LED
	Active leds to light or extinguish during animation

	7805
	Voltage regulator 

	L293D
	Motor controller

	LDR
	Generic LDR

	LM016L
	16x2 LCD

	Motor
	Simple DC motor

	PCA9555
	IO Expander used to simulate 16-bit hex inputs to simulate the sdc41.

	Relay
	Generic relay

	Switch
	Interactive latched SPST or SPDT switches

	LM393
	Comparator setup with potentiometers to simulate moisture sensor
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Date: 08/06/2026
Attendees: Charles H, Jacob C, Josh H, Lucy Henson, Tamsin McKerrow
Tasks were defined and the allocation of tasks was carried out by JH.
Main tasks include the following and are to be carried out by the person and date stated: 
· Development timescale (Gantt Chart) JC 10/06/2026
· Report formatting TM 08/06/2026
· Ethics form completion JH 08/06/2026
· Ethics form review ALL 08/06/2026
· Component research CH LH 11/06/2026
· System block diagram for function JH 10/06/2026
· Pseudocode/flowchart ALL 
· Breadboard prototype JH LH
· System software ALL
· Schematic drawing LH JC TM 11/06/2026
· PCB layout JC TM 15/06/2026
· Design Reviews
· Schematic 11/06/2026
· PCB 15/06/2026
· Project proposal creation 10/06/2026
· Aims and objectives JH
· Budget/plan CH JC
· Ethical Form JH
· Proposed methods and resources ALL
Actions for Tomorrow:
Literature review ALL
Summarise findings and collate for report ALL
Project proposal (powerpoint creation) ALL
Block diagram - JH
Date: 09/06/2026
Attendees: Charles H, Jacob C, Josh H, Lucy Henson, Tamsin McKerrow
Meeting Actions:
Literature review ALL
Summarise findings and collate for report ALL
Project proposal (powerpoint creation) ALL 
Block diagram JH
Meeting Summary:
Project proposal complete for tomorrow:
· Aims and objectives JH DONE
· Budget ALL DONE
· Plan JC DONE
· Ethical Form JH DONE
· Proposed resources CH DONE
· Proposed methods JC TM DONE
Powerpoint creation LH COMPLETE
Powerpoint refinement ALL DONE
· Ethics overview JH DONE
· Proposed methods and resources CH JC TM DONE
Budget discussion ALL DONE
All still completing literature review.
LH’s literature review is complete.
JC getting references for literature review.
Started getting components into Altium for the schematic JC.
CH budget for prototype and component research. Pin planning for PIC. 
Actions for Tomorrow:
Present project proposal to Jennifer ALL
Work on literature review ALL
Feasibility report ALL 
Update Gantt chart JC 
Schematic JC TM CH
· Confirm components e.g. passives, SMT or TH
Communication between prototype iterations and final schematic creation CH
Prototype breadboard iterations and concepts JH LH CH
Date: 10/06/2026
Attendees: Charles H, Jacob C, Josh H, Lucy Henson, Tamsin McKerrow
Meeting Actions:
Present project proposal to Jennifer ALL 
Work on literature review ALL IN PROGRESS
Feasibility report ALL 
Update Gantt chart JC 
Schematic JC TM CH IN PROGRESS
· Confirm components e.g. passives, SMT or TH
Communication between prototype iterations and final schematic creation CH
Prototype breadboard iterations and concepts JH LH CH IN PROGRESS
Meeting Summary:
Presented project proposal to Jennifer JH
· Do not put this in PowerPoint form in the report.
Ethics form handed in on Moodle.
Development of the schematic has been started on Altium Designer JC
· Creation of components JC TM
· JC and TM discussed a layout for the schematic.
The breadboard prototype has been almost completed JH LH CH
· Code to test isn't complete but started.
· Test code to test breadboard to be completed soon JH
CH has started Proteus schematic for simulation.
Simulation needs manual entry of data, so understanding SDC41 I2C comms.
TM completed the product requirements specification with input from other team members.
Feasibility report started TM
Actions for Tomorrow:
Complete schematic layout JC TM
· Schematic design review at 2:00pm ALL
Compile a BOM ready for procurement. 
Complete prototyping JH CH LH
Run simulation CH simulation review ALL
Gantt Chart update JC TM
Pseudocode/flowchart for code
Date: 11/06/2026
Attendees: Charles H, Jacob C, Josh H, Lucy Henson, Tamsin McKerrow
Meeting Actions:
Complete schematic layout JC TM
· Schematic design review at 2:00pm ALL
Compile a BOM ready for procurement. 
Complete prototyping JH CH LH
Run simulation CH simulation review ALL
Gantt Chart update JC TM
Pseudocode/flowchart for code
Meeting Summary:
Schematic layout complete JC
Review notes ALL
· Everyone happy with schematic design
· Improved annotation on power rails
· No connect symbols on all pins not connected
Breadboard prototyping almost complete, now works JH LH
Helped with breadboard troubleshooting CH
Continued with code and made library file CH
Feasibility report complete TM
Gantt Chart finalised TM
Pseudocode started JH
BOM finalised and compiled TM
· Ready to order from Digikey
· Approval from managers being obtained by individuals
Actions for Tomorrow:
Finish pseudocode JH
PCB layout JC TM
Complete breadboard prototype LH JH
Continue code for simulation CH
Date: 12/06/2026
Attendees: Charles H, Jacob C, Josh H, Lucy Henson, Tamsin McKerrow
Meeting Actions:
Finish pseudocode JH
PCB layout JC TM
Complete breadboard prototype LH JH
Continue code for simulation CH
Meeting Summary:
Jennifer emphasises to ensure that we all contribute to writing the report.
PCB layout almost complete JC
Got to fix the ISR but other than that, the breadboard prototype is done and working JH, LH
Pseudocode has been complete JH
Progress is steady for code and simulation CH
Actions for Following Weeks:
Literature review completion ALL (except LH as already done)
Collate Literature reviews in report ALL
PCB review ALL
Order components and PCB TM JC
Complete design section of the report ALL
Date: 16/06/2026
Attendees: Charles H, Jacob C, Josh H, Lucy Henson, Tamsin McKerrow
Meeting Actions:
PCB design review ALL
Order components and PCB TM JC
Meeting Summary:
LH working on scrolling LCD and buttons
All happy with PCB design
· Being ordered today
· More capacitors on I2C line for cleaner signal for CO2 sensor
JC digging through components
TM to search through Numatic stock
Breadboard prototype functioning still being tested LH JH 
TM continued literature review
CH continuing simulation
Actions for Following Week:
JH JC CH TM to finish literature reviews
LH to add lit review to shared folder because it is complete
Start summarising design tasks ALL 
JH LH continue breadboard prototyping
Date: 25/06/2026
Attendees: Charles H, Jacob C, Josh H, Tamsin McKerrow
Apologies: Lucy Henson (on Holiday)
Meeting Actions:
JH JC CH TM to finish literature reviews
LH to add lit review to shared folder because it is complete DONE
Start summarising design tasks ALL 
JH LH continue breadboard prototyping
Meeting Summary:
Charles H completed literature review.
The simulation is almost complete CH
PCBs out for delivery, parts arrived JC CH TM
Prototype has been transferred to veriboard, not connecting to PicKit (possible issue with PicKit) JC JH CH
Code is complete and works great JH
TM JC JH to complete literature review
Date: 29/06/2026
Attendees: Charles H, Jacob C, Josh H, Lucy Henson, Tamsin McKerrow
Meeting Summary:
The prototype board now works JC JH
10am meeting tomorrow
Literature reviews JH JC TM
Collate lit reviews LH
Write up design work LH JH JC/TM CH
Create questions for a design section TM
Collate design section of report TM
I2C stuff CH
Fix LCD working JH JC
Date: 30/06/2026
Attendees: Charles H, Jacob C, Josh H, Lucy Henson, Tamsin McKerrow
Meeting Actions:
LIT REVIEWS
Meeting Summary:
Completed lit review JH TM JC
Complete Design questions ALL
Collate lit reviews LH
Start design section TM
Prove proto works and write up JH
I2C debugger issue fixed CH 
CH answer questions for simulation stuff
9am meeting tomorrow
Date: 01/07/2026
Attendees: Charles H, Jacob C, Josh H, Lucy Henson, Tamsin McKerrow
Meeting Summary:
JC CH looked and commented on literature review collation
TM JH to look at and comment on literature review collation
CH to continue working on simulation JC help
ALL write up design review section
JH resoldering proto with LCD and experiment with code
Actions for Tomorrow:
Assemble the boards 
Date: 02/07/2026
Attendees: Charles H, Jacob C, Josh H, Lucy Henson, Tamsin McKerrow
Meeting Summary:
PCBs arrived
Lit review collation is complete - references currently being sorted.
PCBs almost finished soldering.
LH and CH finished writing up what they did for the design. 
Tested prototype JC JH
JH to write up design stuff
JH and LH to justify selection of components
TM to start writing up design section of report
Date: 03/07/2026
Attendees: Charles H, Jacob C, Josh H, Lucy Henson, Tamsin McKerrow
Meeting Summary:
PCBs finished and testing in progress
LCD, buttons and most other aspects work perfectly
· Relay circuitry to be modified
· Code moderations to be made for CO2 sensor
And PCB uprevision to be noted
LH finish component justification and chuck it in report
CH JH JC modify and test code
JH TM JC write up design section
BY NEXT TUESDAY MEETING
· Complete report up to design section and have started implementation
Date: 07/07/2026
Attendees: Charles H, Jacob C, Josh H, Lucy Henson, Tamsin McKerrow
Meeting Actions
And PCB uprevision to be noted
LH finish component justification and chuck it in report
CH JH JC modify and test code
JH TM JC write up design section
BY NEXT TUESDAY MEETING
· Complete report up to design section and have started implementation
Meeting Summary:
Prototype does have values that worked
I2C stuff not performing as expected
· May be best to stop development to write up report due to time constraints
Date: 09/07/2026
Attendees: Charles H, Jacob C, Josh H, Lucy Henson, Tamsin McKerrow
Meeting Actions
Highlight colours for contributions to report, easier for formatting later after merges/changes are made: 
LUCY orange
JACOB red
JOSH pink
CHARLES blue (#AFFFFF)
TAMSIN green
Meeting Summary:
Deadline now 17th July
Veroboard fully functional, code commented no issues.
Continue with previous tasks working on report
I2C code on pause until after report written.
Date: 15/07/2026
Attendees: Charles H, Jacob C, Lucy Henson, Tamsin McKerrow
Josh H planned absence.
Meeting Actions
Highlight colours for contributions to report, easier for formatting later after merges/changes are made: 
LUCY orange
JACOB red (#FF0000)
JOSH pink
CHARLES blue (#AFFFFF)
TAMSIN green
EVERYONE - Include any necessary documentation in the supporting files folder
Charles - Include photos of the simulation in the report
Meeting Summary:
Charles: To put appendices in for data seen, work done with data and additional ideas of debug?
Meeting Friday to read together before submission

Date: 17/07/2026
Attendees: Charles H, Jacob C, Lucy Henson, Tamsin McKerrow
Josh H planned absence.
Meeting Actions
Final report review. Collectively review, edit and condense the full text before submission.
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	Pin
	Abilities
	Connection

	RA0
	Digital I/O, Analogue input 0
	Soil moisture analogue in.

	RA1
	Digital I/O, Analogue input 1
	LDR in

	RA2
	Digital I/O, Analogue input 2, Vref I/O
	

	RA3
	Digital I/O, Analogue input 3, Vref In
	

	RA4
	Digital IO, Comp 1 out
	

	RA5
	Digital IO, analogue input 4, SPI child select, comp 2 out.
	

	RB0
	Digital IO, Interrupt ext
	Grow Light

	RB1
	Digital IO
	Humidifier

	RB2
	Digital IO
	Dehumidifier

	RB3
	Digital IO, programming enable
	

	RB4
	Digital IO
	 +5V Interrupt protection. (Or replaced with an additional Interrupt)

	RB5
	Digital IO
	Button input 3

	RB6
	Digital IO, programming clock
	Button input 2

	RB7
	Digital IO, programming data
	Button input 1

	RC0
	Digital IO
	Motor control 1

	RC1
	Digital IO, Capture 2 I/O, PWM 2 out
	Motor control 2

	RC2
	Digital IO, Capture 1 IO, PWM 1 out
	

	RC3
	Digital IO, SPi, I2C clock IO
	I2C SCL

	RC4
	Digital IO, SPI in, I2C I/O
	I2C SDA

	RC5
	Digital IO, SPI Out
	

	RC6
	Digital IO, USART
	Motor control 3

	RC7
	Digital IO, USART
	Motor control 4

	RD0
	Digital IO, Parallel child data
	LCD Display RS

	RD1
	Digital IO, Parallel child data
	LCD Display RW

	RD2
	Digital IO, Parallel child data
	LCD Display E

	RD3
	Digital IO, Parallel child data
	LCD Display (Reserved due to port usage)

	RD4
	Digital IO, Parallel child data
	LCD Display D4

	RD5
	Digital IO, Parallel child data
	LCD Display D5

	RD6
	Digital IO, Parallel child data
	LCD Display D6

	RD7
	Digital IO, Parallel child data
	LCD Display D7

	RE0
	Digital IO, Analogue in 5, Parallel read
	LED Heater

	RE1
	Digital IO, Analogue in 6, parallel write
	LED Cooler

	RE2
	Digital IO, analogue in 7, Parallel slct
	


[bookmark: _Toc235184030]Figure 27: PIC Pin Assignments
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	Test Number
	Test
	Expected
	Result
	Adjustment

	1.1
	The LCD should display the splashscreen and then show the first sensor reading
	The LCD shows the splash screen and then after a 1 second show ‘Moisture’
	The LCD shows the splash screen and then after a 1 second showed ‘Moisture’
	None

	2.1
	The LCD should respond to the users inputs
	When the up button is pressed the LCD should cycle to the next sensor reading
	Once the up button was pressed the LCD showed the next sensor reading
	None

	2.2
	The LCD should respond to the users inputs
	When the down button is pressed the LCD should show the previous sensor reading
	After the button was pressed the previous sensor reading was shown
	None

	2.3
	The LCD should respond to the users inputs
	When the confirm button is pressed the LCD should switch to the edit menu
	Once the confirm button was pressed the edit menu was shown
	None

	2.4
	The LCD should respond to the users inputs
	When in the edit menu the targets should be changeable
	When in the edit menu the targets are changeable both higher and lower
	None

	3.1
	The DHT sensor should provide accurate readings
	When placed in a hotter more humid temperature the sensor reading should change
	When the sensor was moved from an airconditioned room to outside the sensor reading changed as expected
	None

	3.2
	The LDR should show the current light level
	The LDR should show 0 or close to 0 when covered and a number close to 1000 when under direct light
	The sensor read 0
	The LDR was found to be connected to ground causing no changes on the ADC pin. The LDR pin was moved to a correct voltage divider and this problem was solved

	4.1
	When the temperature is too high the fan should spin
	Once the temperature surpasses the threshold the fan should spin
	The fan did not spin
	This was due to the PIC’s inability to drive enough current to power the LED. This was changed by using a transistor

	4.2
	When the temperature of the fan is too low the LED for the heater should go high
	The yellow LED should be brought high when the temperature falls below the threshold
	The yellow LED was brought high when the temperature fell
	None

	4.3
	When the humidity is too low the green LED should light
	The green LED should be brought high when the humidity falls below the threshold
	The green LED was brought high when the humidity fell
	None

	4.4
	When the humidity is too high the red LED should light
	The red LED should be brought high when the humidity goes below the threshold
	The green LED was brought high when the humidity rose
	None

	4.5
	When the light falls below a certain level the white LED should light
	The white LED should be brought high when the light level falls below the threshold
	The white LED was brought high when the humidity fell
	None

	4.6
	When the light is above a certain level the white LED should turn off
	The white LED should turn off when there is a certain level of light
	The white LED was brought low when the light level was high enough
	None


[bookmark: _Toc235184031]Figure 28: Test Results


image2.png
=]

}

[ while(TRUE){

read_input_data();
if (input_data < target - threshold){
activate_outputs();
}
if (input_data > target - threshold){
deactivate_outputs();
¥
update_lcd();
if (user_presses_up_button){
if (edit_mode == 1){
environ_target++
}
if (display_mode == 1){
current_displayed_sensor++
}
}

if (user_presses_down_button){
if (edit_mode == 1){
environ_target--
}
if (display_mode == 1){
current_displayed_sensor--
¥
}

if (user_presses_confirm_button){
switch to: edit_mode
or display_mode

}
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// If OK pressed flip modes

| if (confirm_flag == 1) {
confirm_flag
=} if (menu_state == STATE_DISPLAY) {
menu_state = STATE_EDIT;
=} else {
menu_state = STATE_DISPLAY;
}
}
// Up Button
] if (up_flag == 1) { // If up is pressed
up_flag = 0;
] if (menu_state == STATE_DISPLAY) { // Check if currently in display mode

selected_sensor--; // Change selected sensor

if (selected_sensor < 1) selected_sensor = 4; // Wrap around
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// Called when a button is pressed
‘void Button_Action(void) {

delay_ms(20); // Wait for bounce to settle
int8 second_read = input_b(); // Saving the state of the B port again

// Only run if state is stable across both reads
if (first_read != second_read) return;

// NANDing second read and bit flag to determine which pin was pressed
if (!(second_read & B5_BitFlag)) {
up_flag = 1;

else if (!(second_read & B6_BitFlag)) {
confirm_flag = 1;

else if (!(second_read & B7_BitFlag)) {
down_flag = 1;
}
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// Takes the input from the byte read func and outputs readable data
[ int1 DHT_read(float *humidity, float *temp) {

if (IDHT_start()){
return 0;
}

rh_int = DHT_read_byte();
rh_dec = DHT_read_byte();
t_int = DHT_read_byte();
t_dec = DHT_read_byte();
checksum = DHT_read_byte();

// Checksum to ensure data is correct
if (checksum != (int8)(rh_int + rh_dec + t_int + t_dec)){

return 0;

// Handling so the data is in a human readable format
*humidity = (float)rh_int + (float)rh_dec / 10.0;
*temp = (float)t_int + (float)t_dec / 10.0;

return 1;




image10.png
while (TRUE) {

// Has button been pressed

| if (isr_flag == 1) {
Button_Action();
isr_flag = @;
}

// Read the sensors
] if (DHT_counter > 10){

DHT_read(&humidity_lvl, &temp); // Read into the global vars
DHT_counter = @;
}

DHT_counter++;

set_adc_channel(0);
delay_us(20);

raw = read_adc();
light_lvl = (1. -((float)raw / 1032.0)) * 1000.0;
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s Supply voltage must be kept constant for stable sensor operation

10 Determined on the supply voltage without the load of the sensor.

1! Refers to sustained current.

2 On-demand measurement with adjustable interval. See Section 311 for detals.

1 Accuracy can be reduced at relative humidity levels lower than 10%.

14 Short term storage refers to temporary conditons e.q., during transport.

15 For proper function of the ASC field-calibration algorithm with default parameters, SCDA4x must be exposed to airwith COz concentrations at 400 ppm on  weekly basis
1 Sensor tested over simulated lifetime of >10 years for an indoor environment mission profe.
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SENSIRION

3 Digital Interface Description

3.1 Power-Up and Communication Start

The sensor starts powering-up after reaching the power-up threshold voltage Vop.min and will take up to the maximum of the
power-up time to enter the idle state. Once the idle state has been reached, it is ready to receive commands from the master.
Each transmission sequence begins with a START condition (S) and ends with a STOP condition (P) as described in the 12C-
bus specification.

3.2 Sensor I2C Address
SCD4x can be addressed by sending its 7-bit I°C address, given in Table 8, followed by an eighth bit denoting the communication

direction: a “zero” indicates a “write” request, a “one” a “read” request.

SCD4x Hex. Code
1C address 0x62

Table 8: I°C device address

3.3 Data Type & Length

Data sent to and received from the sensor consists of a sequence of 16-bit commands and/or 16-bit words (each to be interpreted
as unsigned integer with the most significant byte transmitted first). Each data word is immediately succeeded by an 8-bit CRC.
In write direction it is mandatory to transmit the checksum. In read direction it is up to the master to decide if it wants to process
the checksum (see Section 3.12).
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3.4 Command Sequence Types

The SCD4x features four different IC command sequence types: ‘read 2C sequences”, “write PC sequences”, “send ’C
command” and “send command and fetch result” sequences. Figure 2 illustrates how the IC communication for the different
sequence types is built-up.

from master o siave

wite FC sequence

51 from slave to master —

160t wite data

o e WE et B esiss

" 12 wrie header

checksum

send C command
sequence

16t memary addres o command
Lfs| nchsress R Tomanss’ 5| Tommiss [T o T8k resdiic scquence
" 12c read header B 16-bit read data T dhedsm
L oumss [§ omis J§ o
16bitwie dota " chedksum send command
and fetchresut
Ls csess | B[ Tosmmes | |3[7 osatss |5 eRe g
" 12C read header 16-bit read data T chedum

Figure 2: Command sequence types: ‘write”, “send command”,

‘read", and “send command and fetch result”

For the ‘read”or “send command and fetch results” sequences, after writing the address and/or data to the sensor and receiving
the ACK bit from the sensor, itis required to wait for the command execution time (see Table 9) before issuing the read header.
If a command execution time is specified in Table 9, further commands must not be sent during that command's execution time.
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35 SCD4x Command Overview

An overview of e available SCD4x commands can be foundin Table 9. A detailed descipton for each command can be found
in the following sections. Note that some commands may also be executed whie a periodic measurement mode is unning,

Domain Command Hox | FG soquence type | Execution
Code | (seoSection34) [ fime | During
ms] | meas.
sat poridc_measurement 02101 | send conmand )
Basic commands read_measurement Oxec0s read 1 s
Section 36 = )
sop_peroic measurement 05| sendoommand | 500 [ yes
‘set_temperature_offset 02414 wiite 1 no
gel tamperatre_ofsel 02318 eas T )
Oneip ot sgnal "o sensor liuce 02| wie T w
campensaton
Secton3.7 Get_sorsor_atude 02322 | reod 1 )
sel ambent prossure Txe000 | wite 1 yes
get_ambient prossure 0r0000 | ead T yes
porom_force._recaltraion 0062 | send command and | 400 | 0
fech reslt
Fid caibraton | seLaulomatic_sell_calraton_erated 0246 | wite T )
Section 38 get_automatic_se caltraton_ srabled 02313 read T w
se automatec._sefcalbraton targel 02| wie T w
ool svtomac_se_caltvaton_argel 023|100 1 )
Low power perodc_| st low_power_perdc_ measuement 021ac__| send command )
measuroment mode
L dala eady saus Tredth | read T
Section 39 i e
parsst sefings G615 | sendoommand [ 800 |
get_saralnumber 06| reod T )
Ivanoc fosures | ZETOMSO st 00639 read 000 |0
Soim310 perom_foctoryesel 0062 | sendcommand | 1200 |0
it 03646 [ sendcommand [0 |0
oot sensr varnt o202 | read 1 ™
measure_sngle_shot 02195 | send conmand | 5000 | o
_shot_ht_only 0x219% ‘send command no
Sogosht 0660 | send command | 1 w
measuremert mode 0066 | sendconmand 30| o
(SCO4185C08)  ["cof_automatcsell cabraton il poiad__| 02445 _| e 1 )
Seckon 31 ‘gel_automalic_se_calbration_infial_period | 0:2340 | read 1 no
sel automatc sef calbraton standard_period | 02t4e | wite T ™
g8t avomac_secalbratn_standard_period | 0234 | read 1 )

Table 9: List of SCD4x sensor commands. The ightmost column ( Duing meas.) ndcates whethr the command can be executed whie a
‘periodic measurement mode is running.
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36 Basic Commands

This section st the basic SCD4x commands that are necessary o start the periodic measurement mode and subsequenty
read out the sensor outputs

The typical commurication sequence between the °C master (e.g.,a microcontroller) and the SCD4x sensor s as follows:
‘The sensor s powered up ino the ide sate.

The EC master sends  tat_periodic_measurement command. The signal update intenvl i 5 seconds.

The F%C master perioicalyreads out data with the read_measurement command.

When the sensor i o stop taking measuremens perodicaly, the EC master sends the stop_periodic_measurement
command toretum te sensor {0 e mode.

PORTER

While the periodic measurement mode is running, no other commands may be issued, with exception of read_measurement,
ge_data_ready_status, stop_periodic_measurement, set_ambient._pressure and get_ambient_pressure

384 start periodic measurement
Description: stars the periodic measurement mode. The signal update interval s 5 seconds,

Write Input parameter: - Response parameter - [P
(heradeoma) | engn foytes] | sgnalcomsion | length Bytes] sgralcomversion | 42000 (7]
0x21b1 - - - - ‘ot appiicable
Example: st peicc messurament

Wi ot

(reradecina)  Command

Table §: start peviodic messurement 12C sequence desaiplon




image23.png
362 read_measurement

Description: eacs the sensor output. The measurement data can only be read out once per signal update nterval as the buffer
is emptied upon read-out.If 1o data is avaiable i the bufer, the sensor returms & NACK. To avoid 2 NACK response, the
get_data_ready_status can be issued to check data status (see Section 3.9.2fo frther detas). The C master can abort the
ead transfer wih a NACK followed by a STOP condiion aftr any data byte if the user is not nterested in subsaquent data.

Response parameter: CO, Temperature,

Wide i el Reltve Humity oz
(rexaseomal =
rgh oes] | sqolcomrsion | engh Byt | spatconrsin arsonis)
3 €0, [ppm] = word[0]

OcectS - -

‘Example: read sensor output (500 ppm, 25 °C, 37 %RH)

Wirte Ocects

(roradecina) __Command

Wat Tms o xecaton e

Response 001 033 06667 a2 Ocsebd 0dc
(roradocina) __ CO:=500ppm _ CRCof0WMH __ Tomp =25°C _ CROof0u6867  RH=37% CRCof 05000

Table 1: read._measurement C sequence descripion
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363 stop_periodic_measurement

Description: Command retums a sensor running in periodic measurement made or low power periadic measurement mode
back to the ide state, &g, o then allow changing the sensor configuration or o save power. Note that the sensor will only
espond to other commands 500 ms after the s0p_peridic_measurement command has been issued.

Wike Input parameter: - Response parameter: - p—
(hexadecma) [ ength fytes] sinalconversion | lengih [oytes] signalconversion | duraion ms]
[ - - 50

‘Example: stop perodc measurement.
Wite 085
(horadcins) __ Command

Table 12:stop_perosic_measurement KC sequence descrpton
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39 Low Power Periodic Measurement Mode

To enable use-cases with a constrained power budget, the SCDAx features a low power periodic measurement mode ith a
signal update inteval of approximately 30 seconds. The low power periodic measurement mode is iniated using the
stat_Jow_power_periodic_measurement command and read-out in a simiar manner as the periodic measurement mode using
the read_measurement command. Please consult Secton 3,62 for further instructns.

Toperidically check whether a new measurement resut s avaiabie for read ou, he gel_data_ready_status command (Secton
392) can be used to synchronize to the sensor's internal measurement nferval as an allemative 10 reling on the ACKNACK
tatus o te read_measurement_command (Secton 362)

391 start low_power_periodic measurement
Description: starts the ow power perodic measurement mode. The signal updats intenvl i approsimately 30 seconds.

Wte Input parameter: - Response parametr: - —
(bexadesma) [ foies) e s rp—— Y]
2tsc B g - B notsppicable
Example:satiow powsr parodic measurament

wite o2t

(oratbcing) _ Command

‘Table 24:sar low_power._periodic. measurement C sequence descriplon
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392 get data ready status
Description: pols the sensor for whether data from  periodic or single shot measurement s ready to b read out

ot ready

Write. Input parameter. - Response parameter: data ready status. Max command
(hexadecma) [ ergh [ytes | sgnal conversion | length oytes] | signal converson sl
Oxedtd - - 3 Ifthe least significant 11 bits of word[0] are: | 1
10— data not ready
else — data ready for read-out
Example: read data ready status: data not ready
Wite Orote
(pesssecnd) _ Cammond
Vst Tms command execton e
Response 0x8000 02
(Pesadecine)  Leastsnlcant 1 s are 0 ta CRC of 58000

Table 25:get_data_ready_status FC sequence descripton
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312 Checksum Calculation

The 8.5t CRC checksum transmited afte each data word is generated by a CRC aigoithm. I propertes are dispayed in
‘Table 40. The CRC covers the contents of the two previously ransmitted deta bytes. To caculate the checksum only these two
previously transmitied daa bytes are used. Nole that command words are not folowed by CRC.

Property Value [Example code (CIC++)
Nane £ i GRS POLTNOWAL 67
i - e
3 oo
TS [P pem— Wi sansion. common_ ganrse cc{const it dat, w1 o) {
pr
Poynomal o (oo xe 1) Lo cne
taisoon | oot e —
Refect input False for (current_byte = 0; current_byte < count; ++current_byte) {
e
Reloctouiput L] for (ere_bit= & ere_ bit> 0 ~crc_bit
FraiYoR oan acauy
‘Exarngles "GRC (0xbeet = 082 e 1) CROA_POLIMONAL;
en et
¥
)]
-

)

‘Table 40: 'C CRC properties
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#use i2c

Syntax:
#use i2c (options)

Elements:

options - are separated by commas and may include the following

MASTER Sets to the master mode
MULTI_MASTER Set the multi_master mode

SLAVE Set the slave mode

SCL=pin Specifies the SCL pin (pin is a bit_address)
SDA=pin Specifies the SDA pin

ADDRESS=nn Specifies the slave mode address

FAST Use the fast I2C specification.
FAST=nnnnnn Sets the speed to nnnnnn hz

SLOW Use the slow 12C specification

RESTART_WDT

Restart the WDT while waiting in 12C_READ

FORCE_HW

Use hardware 12C functions.

FORCE_SW

Use software [2C functions.

NOFLOAT_HIGH

Does not allow signals to float high, signals are driven from low
to high

SMBUS Bus used is not 12C bus, but very similar

STREAM=id ‘Associates a stream identifier with this [2C port. The identifier
may then be used in functions like i2c_read or izc_write.

NO_STRETCH Do not allow clock streaching

MASK=nn Setan address mask for parts that support it
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12C1

Instead of SCL= and SDA= this sets the pins to the first module

12C2 Instead of SCL= and SDA= this sets the pins to the second
module
NOINIT No initialization of the [2C peripheral s performed. Use:

12C_INIT( to initialize peripheral at run time.

Only some chips allow the following;

DATA_HOLD

'ADDRESS_HOLD

No ACK is sent until I2C_READ is called for data bytes
we onl

No ACK is sent until I2C_read is called for the address byte
(slave only)

SDA_HOLD

Min of 300ns holdtime on SDA a from SCL goes low





image30.png
02 SENSOR LCD Display
& ) =

LCD Control Buttons 5V REGULATOR
B =
-





image31.png
sLapRaY O

i

s [ Jowemmy oo

DERADEER LY O





image32.png
MECHANICAL LINES,

DEPTH 1,3 OF
BOARD THICKNESS

o
=z
(=}
g}
<<
Lt
(24
o
O
Av
>

'O nw

421003 Mo14"y dund’m

0.

see

?o‘ooo





image33.png
Project tasks v [

Proposal Stage.

Project Proposal Creation

Define Aims and Objectives

Propose Methods and Resources

Define Budget

Complte Ethics Form.

Greate Rough Project Plan (Gantt Chart)
Greate Proposal PowerPoint

Greate System Block Diagram

Present Project Proposal

Finalise Project Plan (Gantt Char)
Feasibiity Stage

Background Research and Litrature Reviews.
Bring Forward Idess on Literature Reviews
Define System Requirements Specification
(Conduct Feasibilty Study

‘Gomponent Research

Design Stage.

Greate Software Flowchart/Pseudocode
Greste Pin Plan for Microcontroller

Greste Proteus Simulation

Breadboard Prototyping

Iniial Code Crestion

‘Schematic Design

‘Schematic Design Review

POB Layout

PCB Layout Review

Finalise Component il of Materials

Order PGB and BOM

Gollate Literature Reviews in Report
‘Complete Design Section of Report
Implementation Stage:

Assemble PCB

Progrem and Test Finslised PO8

Gode Modifcations

‘Complte Implementation and Resus Sections of Report
Documentation Stage

‘Gomplete Conclusion and Reflections inthe Report
Hend in Prject Report

Greate a Summary PowerPoint of the Project

Present Project Summary PowerPoint

E

3

E2EEEEERS

2%

EEZEEE

08062026
081062026
08062026
081062026
08062026
081062026
o9/06/2026
o9/06/2026
1070672026
1070672025

08/06/2026
11/06/2026
09/06/2026
10/06/2026
09/06/2026
10/06/2026
10/06/2026
10/06/2026
10/06/2026
10/06/2026
10/06/2026
10/06/2026
11/06/2026
12/06/2026
16/06/2026
11/06/2026
15/06/2026
22/06/2026
24/06/2026
29/06/2026
29/06/2026
30/06/2026
ddmmiyyyy
01/07/2026
03/07/2026
03/07/2026

17/07/2026
05/07/2026
20/07/2026

1010612026
o9/06/2026
o9/06/2026
o9/06/2026
o9/06/2026
o9/06/2026
o9/06/2026
1070672026
o9/06/2026
1070672026
1070672025
1610612026
/06872026
1610612026
1070672025
1070672026
1070672025

10/06/2026
10/06/2026
12/06/2026
19/06/2026
19/06/2026
11/06/2026
11/06/2026
16/06/2026
16/06/2026
14/06/2026
15/06/2026
23/06/2026
26/06/2026
01/07/2026
29/06/2026
01/07/2026
ddmmiyyyy
03/07/2026
20/07/2026

16/07/2026

17/07/2026
19/07/2026
20/07/2026

D Delvers

8 Group Project
8 Group Project

8 Group Project

2 Project Proposal U..
2 Project Proposal U..
o File

2 Project Proposal U..
2 Project Proposal U..
o Fie

2 Project Proposal U..
o Fie

o Fie

B LitReviews

o Fie

o File

o Fie

i Tables

o Fie

o Fie

8 Group Project

B Charles working ta...
o Fie

o Fie

o Fie

o File

o Fie

o Fie

@ Finalised BOM

@ Finalised BOM

B LitReviews

B FINAL REPORTST..
o Fie

o Fie

o Fie

o Fie

B FINAL REPORTST..
o Fie

B FINAL REPORTST..
B FINAL REPORTST..
o Fie

o Fie

I EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE]





image34.png
Task 08/06/26  09/06/26 10/06/26 11/06/26 12/06/26 15/06/26 16/06/26 17/06/26 18/06/26 19/06/26  22/06/26  23/06/26  24/06/26  25/06/26  26/06/26  29/06/26  30/06/26  01/07/26  02/07/26  03/07/26  04/07
Proposal Stage

Project Proposal Creation

Define Aims and Objectives

Propose Methods and Resources

Define Budget

Complete Ethics Form

Create Rough Project Plan (Gantt Chart)
Create Proposal PowerPoint

Create System Block Diagram

Present Project Proposal

Finalise Project Plan (Gantt Chart)
Feasibility Stage

Background Research and Literature Reviews
Bring Forward Ideas on Literature Reviews
Define System Requirements Specification
Conduct Feasibility Study

Component Research

Design Stage

Create Software FlowchartPseudocode
Create Pin Plan for Microcontroller

Create Proteus Simulation

Breadboard Prototyping

Code Creation

‘Schematic Design

‘Schematic Design Review

PCB Layout

PCB Layout Review

Finalise Companent Bill of Materials

Order PCB and BOM

Collate Literature Reviews in Report
Complete Design Section of Report
Implementation Stage

Assemble PCB.

Program and Test Finalised PCB.

Code Modifications

Complete Implementation and Results Sections of Report
Documentation Stage

Complete Conclusion and Reflections in the Report
Hand in Project Report

Create a Summary PowerPoint of the Project
Present Project Summary PowerPoint





image35.png
Task

Proposal Stage

Project Proposal Creation

Define Aims and Objectives

Propose Methods and Resources

Define Budget

Complete Ethics Form

Create Rough Project Plan (Gantt Chart)
Create Proposal PowerPoint

Create System Block Diagram

Present Project Proposal

Finalise Project Plan (Gantt Chart)
Feasibility Stage

Background Research and Literature Reviews
Bring Forward Ideas on Literature Reviews
Define System Requirements Specification
Conduct Feasibility Study

Component Research

Design Stage

Create Software FlowchartPseudocode
Create Pin Plan for Microcontroller

Create Proteus Simulation

Breadboard Prototyping

Code Creation

‘Schematic Design

‘Schematic Design Review

PCB Layout

PCB Layout Review

Finalise Companent Bill of Materials

Order PCB and BOM

Collate Literature Reviews in Report
Complete Design Section of Report
Implementation Stage

Assemble PCB

Program and Test Finalised PCB.

Code Modifications

Complete Implementation and Results Sections of Report
Documentation Stage

Complete Conclusion and Reflections in the Report
Hand in Project Report

Create a Summary PowerPoint of the Project
Present Project Summary PowerPoint

)3/07/26

04/07/26

05/07/26

06/07/26

07/07/26

08/07/26

09/07/26

10/07/26

11/07/26

12/07/26

13/07/26

14107/26

15/07/26

16/07/26

17107/26

18/07/26

19/07/26

20/07/26




image1.png
CO2 Monitor Huridity
Sensor
A S
x3 Buttons  [<+—+— Inputs
—L v [
Moisture Temperature
Sensor Sensor

Regulated
5V

LCD Screen

Heater

Cooler

Grow Light

Outputs

Air Intake

Dehumidifier

Humidifier

Water Pump





