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Abstract 
This project presents the design and development of an Integrated Driver Health and Safety System aimed at improving road safety by monitoring key physiological indicators of drivers in real time. The system addresses the growing need for non-intrusive health monitoring in vehicles, particularly for long-distance and commercial drivers who are at increased risk of fatigue and medical emergencies. Using embedded system technology, the prototype measures heart rate and body temperature through the MAX30102 and MLX90614 sensors, with data processed by a PIC16F18877 microcontroller. The system continuously analyses sensor inputs and provides immediate visual feedback through a set of LED indicators.
An iterative development approach was adopted, involving research, prototyping, and testing using a breadboard-based hardware setup. The system was programmed in C using the MPLAB development environment and designed to operate in real time. Key design considerations included low power consumption, reliability, and simplicity of interpretation. Although initial plans included additional sensors for motion detection and audible alerts, these were removed to reduce system complexity and focus on core physiological monitoring functions. 
Testing highlighted several hardware and software challenges, including power instability due to battery-based operation and limitations in compiler configuration and sensor integration. As a result, full system integration was not achieved within the project timeframe.  
The project concludes that while the system effectively demonstrates the potential of embedded health monitoring for driver safety applications, further development is required to improve power regulation, system integration, and long-term reliability. Recommendations for future work include PCB implementation, enhanced sensor integration, and the addition of wireless communication and data logging capabilities to support real-world deployment. 
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Road transport plays a critical role in modern society, enabling the efficient movement of people, goods, and services across local and global networks. However, driving—particularly over long durations—presents significant safety challenges. Drivers, especially those in commercial sectors, are often exposed to fatigue, stress, and in some cases, limited access to medical support. These conditions increase the likelihood of health-related incidents such as drowsiness, cardiac events, or loss of consciousness. When such events occur while driving, they can lead to severe accidents, endangering not only the driver but also passengers and other road users.
Despite advancements in vehicle technology, most modern systems focus on performance, navigation, and maintenance, with limited emphasis on the driver’s physiological and mental wellbeing. Existing solutions, such as wearable health devices, are often intrusive, require user compliance, and are not seamlessly integrated with vehicle systems. This highlights a critical gap in current safety technologies: the lack of a reliable, non-intrusive, and integrated driver health monitoring system.
This project, titled Integrated Driver Health and Safety System, aims to address this gap by developing a real-time system capable of detecting driver fatigue and medical emergencies. The system integrates physiological and behavioural monitoring using embedded sensors and a microcontroller platform to provide timely alerts and enhance overall road safety.
The aim of this project is to design and develop a system that can continuously monitor a driver’s health and behaviour in real time and detect potential emergency conditions to reduce the risk of accidents.
To achieve this aim, the following objectives have been defined:
1. To monitor physiological parameters such as heart rate, blood oxygen saturation, and body temperature.
2. To detect behavioural indicators of driver impairment, including drowsiness and inactivity.
3. To design and implement a multimodal system using embedded hardware and sensors.
4. To develop algorithms for real-time data processing and emergency detection.
5. To provide in-cabin alerts and enable external communication in emergency situations.
6. To evaluate the system’s performance in simulated conditions.
This report provides a review of relevant literature and existing technologies in driver monitoring and health detection systems, followed by a detailed description of the system design, including hardware and software components. The implementation and testing methodology are then discussed, along with the results and evaluation of system performance. Finally, the report concludes with a summary of findings, limitations of the current work, and recommendations for future development.
[bookmark: _Toc228521587]Literature Review
Embedded systems are specialised computing systems designed to perform dedicated functions within larger mechanical or electronic systems. Unlike general-purpose computers, these systems are optimised for efficiency, reliability, and real-time performance. Embedded systems are typically characterised by limited processing power and memory, as they are designed to carry out specific tasks rather than support a wide range of applications. This targeted design enables rapid response to inputs, making embedded systems particularly suitable for safety-critical environments. 
Embedded systems generally consist of a microcontroller, input components such as sensors, output components such as actuators, and embedded software or firmware. These elements work together to collect data from the environment, process it in real time, and produce appropriate outputs. The integration of hardware and software is essential, particularly in applications where immediate decision-making is required. 
A significant area of research focuses on the use of embedded systems in the automotive industry. Modern vehicles rely heavily on embedded technologies to enhance both performance and safety. Common examples include engine control units (ECUs), anti-lock braking systems (ABS), airbag control systems, adaptive cruise control, and transmission control units (TCUs). These systems continuously process data from various sensors to optimise vehicle operation. For example, ECUs regulate engine performance by adjusting fuel injection and ignition timing based on real-time sensor data, while ABS prevents wheel lock during braking by rapidly modulating brake pressure. Airbag control systems further demonstrate the importance of real-time processing, as they detect collisions and deploy protective mechanisms within milliseconds. 
In addition to performance-related systems, embedded technologies play a critical role in driver safety through monitoring and assistance features. Driver monitoring systems use cameras and sensors to assess attention, fatigue, and behaviour, helping to reduce the likelihood of accidents. Vehicles such as the Tesla Model 3, BMW 7 Series, and Mercedes-Benz E-Class incorporate systems that track eye movement, head position, and driving patterns to detect distraction or drowsiness. These systems analyse data in real time and alert the driver when unsafe behaviour is identified. Similar technologies are also used in commercial transport, with companies such as Volvo Trucks and Scania implementing fatigue detection systems to improve safety during long-haul journeys. 
The integration of physiological monitoring with advanced driver assistance systems represents a significant advancement in vehicle safety. By combining health data with existing vehicle control systems, it becomes possible to implement automated safety responses. For example, if abnormal heart rate or signs of driver incapacitation are detected, the system may issue warnings, reduce vehicle speed, activate hazard lights, or safely bring the vehicle to a stop. This demonstrates how embedded systems can move beyond passive monitoring to active intervention, reducing the risk of accidents caused by medical emergencies. 
Furthermore, the implementation of health-monitoring systems introduces important technical and ethical considerations. From a technical perspective, embedded systems must process physiological data in real time while filtering noise and ensuring accuracy, often under strict resource constraints. From an ethical standpoint, the collection and handling of sensitive biometric data raises concerns regarding privacy, data security, and user consent. These considerations are increasingly recognised as essential aspects of embedded system design in modern vehicles.
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This project uses a practical and experimental research approach to design, build, and test an integrated driver health and safety system. The main goal is to create a working prototype and check how well it can detect signs of a possible medical emergency. The research focuses on developing a real system rather than only studying theory. 
The first stage of the research is a review of existing information. This includes reading academic papers, technical articles, and online resources about driver safety systems, health monitoring devices, and embedded systems. The purpose of this stage is to understand what has already been done and to identify useful ideas for the project. For example, it helps to decide which types of signals should be monitored, such as heart rate, body temperature, or movement. It also helps to choose suitable sensors and hardware components. This stage does not involve collecting new data but is important for guiding the rest of the project. 
After the research stage, the project moves on to developing the prototype system. This involves selecting and connecting different hardware components, including sensors and a microcontroller. A microcontroller is used to collect and process data from the sensors. The system is programmed so that it can read data continuously, store it, and check for unusual patterns. For example, it may detect if a heart rate is too high or too low. 
Once the prototype is built, the next step is testing and data collection. This is done in a controlled and safe way. The first type of testing is bench testing. In this stage, the system is tested on a workbench or desk using simple or simulated inputs. This helps to check that each part of the system works correctly. For example, it allows confirmation that sensors are giving readings, that data is being recorded, and that alerts are triggered when expected. Any problems can be fixed at this stage before moving on to more realistic testing. 
The second type of testing is stationary testing with volunteers. A small number of adult participants will be asked to take part in short sessions. During these sessions, participants sit in a stationary position, such as on a chair or vehicle seat, while the system collects data. No driving is involved at any time. The sensors record basic information such as heart rate, temperature, and movement. This data is stored with time stamps. This allows the researcher to review how the system behaves over time. 
The use of volunteers helps to collect real human data, which is more useful than simulated data alone. However, the testing remains simple and low-risk. Participants are not asked to perform any physical tasks, and the sessions are short to avoid discomfort. 
After data collection, the next stage is data analysis. The data collected from the system is examined to see how well the prototype performs. This involves looking at the log files and checking whether the system correctly identifies unusual conditions. For example, the researcher may check if the system detects irregular sensor readings. 
The analysis is mainly basic and descriptive, rather than complex. This means the focus is on understanding whether the system works properly, rather than performing advanced statistical calculations. Key points considered during analysis include: 
· Accuracy – whether the system correctly detects events 
·  Responsiveness – how quickly the system reacts 
· Reliability – whether the system works consistently 
Because the project will use a small number of participants, the results will be used to evaluate the prototype rather than to make general conclusions about all drivers. 
Throughout the research, ethical considerations are carefully followed. Participation is voluntary, and all participants will be informed about what the study involves before taking part. No personal or identifiable information is collected. All data will be anonymous and stored securely. Participants can withdraw at any time without giving a reason.
[bookmark: _Toc228521590]3.2. Development Methodology
This project uses an iterative design approach, which means the system is developed step by step, with regular testing and improvements. Instead of building the entire system at once, the design is created in stages. This makes it easier to find and fix problems early and helps to improve the system over time. 
The first step in the design process is defining the system requirements. This means deciding what the system needs to do. The main functions include monitoring the driver’s condition, detecting possible problems, and providing alerts. Other important requirements include making sure the system is reliable, easy to use, and not uncomfortable for the user. The system should also use low power and be affordable to build. 
 After defining the requirements, the next step is to create a basic system design. The system is divided into three main parts: 
·  Sensors – These collect data from the user, such as heart rate, temperature, and movement. 
· Processing unit – This is the microcontroller, which receives data from the sensors and processes it. 
·  Output system – This includes data logging and alerts, such as warning signals if a problem is detected. 
This structure helps to organise the system and makes it easier to understand how each part works.  
The next stage is choosing the components. Suitable sensors and hardware are selected based on cost, availability, and compatibility. The microcontroller is also chosen at this stage. Once the components are selected, they are physically connected to create the prototype system. The software to be used at this stage is MPLAB for compilation of the code and also uploading onto the microcontroller.
After building the initial system, the project moves on to step-by-step testing. Each part of the system is tested individually first. For example, each sensor is checked to make sure it provides correct readings. This helps to identify any faulty components or errors early. 
Once individual components are working, they are combined into a full system and tested together. This is called integration testing. At this stage, the system is checked to ensure that all parts work correctly as a whole.  
The system is then improved through repeated testing and adjustments. This is an important part of the iterative design process. Data collected during testing is used to improve the system. For example, the thresholds used to detect unusual conditions may be adjusted to make the system more accurate. 
This cycle of testing, reviewing, and improving continues until the system performs well. Each version of the system is slightly better than the previous one. This gradual improvement helps to create a more reliable and effective final product. 
The final stage of the design process is evaluation. In this stage, the completed system is tested to check whether it meets the original requirements. The researcher checks whether the system:  
· Detects problems correctly 
· Responds quickly 
· Works consistently 
· Is comfortable and practical to use 
Any remaining issues are noted, and possible improvements are suggested for future work.
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The Integrated Driver Health and Safety System is an embedded prototype designed to monitor a users basic physiological conditions and provide immediate visual feedback when abnormal readings are detected. The system operates in real time and is intended as a low-cost, low-power solution for continuous health monitoring using simple electronic components.
The system measures heart rate and body temperature using the following sensors: the MAX30102, which detects heart rate in beats per minute using optical sensing, and the MLX90614 infrared sensor, which measures temperature without physical contact. These sensors are connected to a PIC16F18877 microcontroller, which acts as the central processing unit. The microcontroller continuously reads data from both sensors, processes the values, and determines the user’s condition based on predefined thresholds.
The hardware setup also includes four LEDs (green, yellow, red, and white) which provide a simple visual output of system status. 330Ω resistors are used to protect the LEDs by limiting current, while 4.7kΩ resistors are used to ensure stable input signals for the microcontroller. The system is built on a breadboard during development, allowing easy connection, testing, and modification of components.
The software is written in C and runs on the PIC microcontroller. It operates in a continuous loop, repeatedly collecting sensor data, processing it, and updating the LED outputs in real time. The program compares sensor readings against set threshold values to determine system status.
The LED output logic is defined as follows: the green LED indicates normal conditions (temperature > 38°C and heart rate <85 bpm), the yellow LED indicates high temperature only (above 38°C), the red LED indicates abnormal heart rate only (above 85 bpm, below 60 bpm), and the white LED indicates that both temperature and heart rate are abnormal. This provides a clear and immediate indication of the user’s condition without the need for a display or interface.
The system is designed to meet several functional requirements. It must continuously monitor physiological data, detect abnormal conditions using threshold values, and provide immediate visual alerts. It must also operate in real time and use low power to ensure efficiency. Non-functional requirements include reliability, simplicity, and ease of interpretation, as well as safe operation in a low-voltage embedded environment.
Shown below in figures 1, 2, and 3 are the pin diagrams for the components used.
[image: ]
Figure 1: PIC16F18877 pin allocation
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Figure 2: MLX90614 pin allocation
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Figure 3: MAX30102 pin allocation
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[bookmark: _Toc228521595]4.2.1. Prototype 1: Breadboard Prototype
In this project, a breadboard was used to connect all main components of the system, including a PIC16F18877 microcontroller, the MLX90614, and MAX30102. These sensors were used to collect physiological data from the user. The system also included four LEDs (white, yellow, green, and red) to provide visual status indicators, along with 330Ω resistors used to limit current to each LED and protect them from damage. In addition, 4.7kΩ resistors were used with the PIC microcontroller for proper input configuration and signal stability. 
The breadboard allowed all these components to be arranged into a working circuit. The microcontroller acted as the central unit, receiving data from the sensors and controlling the LED outputs based on the system’s readings. The MLX90614 sensor measured body or surface temperature without contact, while the MAX30102 sensor recorded heart rate and oxygen saturation levels. 
One of the main advantages of using a breadboard was the ability to quickly modify the circuit design. During development, some components or connections needed to be adjusted to improve system performance. For example, some components were removed to simplify the design such as the MPU6050 tilt sensor and the buzzer. The breadboard made it easy to carry out these changes without damaging components or rebuilding the circuit. 
The breadboard was also very useful for testing and troubleshooting. Each component could be tested individually before being connected to the full system. For example, the MAX30102 sensor could be checked separately to ensure accurate heart rate readings, and the MLX90614 sensor could be tested for correct temperature values. 
Another important benefit is that breadboards support safe, low-voltage development work. All components used in this system operate at low power, making them suitable for breadboard testing.  
Due to time constraints and design setbacks, the breadboard design was the only prototype made.
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If more time had been available, the next stage of development would have been the creation of a Printed Circuit Board (PCB) prototype. This would have moved the project from a temporary breadboard setup to a more permanent, reliable, and compact hardware design. A PCB would improve stability, reduce wiring complexity, and make the system more suitable for real-world use.  
The method for developing the PCB would begin with circuit finalisation. Once the breadboard prototype had been fully tested and confirmed to work correctly, the final circuit design would be reviewed and simplified where possible. This would include confirming connections between the PIC16F18877 microcontroller, MAX30102 sensor, MLX90614 sensor, and LED indicators, as well as ensuring correct resistor values.  
The next step would involve creating a schematic diagram using PCB design software. The schematic would represent the full circuit in a structured format, showing how each component is electrically connected. This stage is important because it ensures the design is correct before moving to physical layout.  
After the schematic is completed, the process would move to PCB layout design. In this stage, the components would be placed onto a virtual board and connected using copper traces instead of jumper wires. Careful attention would be given to layout decisions, such as keeping sensor connections short to reduce noise and separating power and signal lines where necessary. Decoupling capacitors would also be added near the microcontroller to improve power stability.  
Once the layout is completed, the design would undergo a design rule check (DRC) to ensure there are no short circuits, spacing errors, or routing issues. This step helps prevent manufacturing faults and ensures the board is electrically safe and functional.  
The final PCB design would then be exported as Gerber files, which are used for manufacturing the physical board. Once a PCB is produced, components would be soldered onto the board in a controlled assembly process. 
After assembly, the PCB would undergo testing and validation, where each function of the system would be checked. This would include verifying sensor readings, confirming microcontroller operation, and testing LED outputs against the programmed thresholds.
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Several important design changes were made in order to simplify the system and ensure it focused on its core function of monitoring driver health. These changes were based on early prototype development and the need to reduce unnecessary complexity in both hardware and software.
One major change was the removal of the MPU6050 sensor. This sensor was originally included to measure motion, orientation, and tilt, which could have supported fatigue detection. However, it was removed because it added extra complexity to the system design and required additional processing. As the main aim of the project was to focus on physiological monitoring using heart rate and temperature, the MPU6050 was excluded to simplify the overall system.
Another key change was the removal of a buzzer component. The buzzer had been intended to provide an audio alert for warning and emergency conditions. However, it was decided that an audible output was not necessary for demonstrating the system’s functionality. 
To improve system clarity, LED indicators replaced the buzzer as the primary output method. Four LEDs were used: green, yellow, red, and white. The LEDs provide an immediate visual indication of the driver’s condition without the need for additional devices or interfaces.
The final LED logic was defined as follows: the green LED indicates normal conditions, the yellow LED indicates high (above 38°C) temperature, the red LED indicates high (above 85BPM) or low (below 60BPM) heart rate, and the white LED indicates both high temperature and high heart rate. This simple structure makes the system easy to understand and suitable for real-time monitoring.
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During the development of the Integrated Driver Health and Safety System, several challenges were encountered that affected both the hardware performance and software implementation of the prototype. These issues arose primarily due to changes made to the power supply design and difficulties with the programming environment. While these challenges limited full system integration and testing, they provided valuable insight into embedded system behaviour and highlighted key considerations for future improvements.
One of the most significant issues observed during testing was component overheating, which became evident after the system was modified to use a 3.7V battery as the main power source. The original system plan was to be integrated into the vehicles power supply and then regulated with a buck converter. This change was made due to issues following shipping delays with previous component orders and also lack of alternative equipment. The buck converter was removed as it was no longer compatible with the design. 
The use of a 3.7V battery introduced several technical problems. Firstly, such batteries do not provide a constant output voltage. A typical lithium-ion battery operates between approximately 4.2V when fully charged and 3.0V when nearly discharged. This variation meant that the system was powered by a fluctuating and unstable voltage supply, rather than a fixed and regulated one. As embedded systems rely heavily on stable voltage levels for accurate operation, this instability directly affected system performance. 
Secondly, the nominal voltage of 3.7V is lower than the optimal operating voltage for certain components within the system. Although the PIC16F18877 microcontroller can operate at a range of voltages, its performance and reliability are improved when supplied with a stable and appropriate voltage level. Similarly, the MAX30102 heart rate sensor and MLX90614 infrared temperature sensor require consistent voltage to function accurately, particularly as they rely on precise signal measurement and communication protocols.
When components are supplied with insufficient or unstable voltage, they may attempt to compensate by drawing more current in order to maintain operation. This behaviour can lead to increased current flow through the circuit, which in turn results in greater power dissipation in the form of heat.
This effect was made worse by the breadboard-based construction of the system. Breadboards are ideal for rapid prototyping but are not designed for long-term or high-current applications. The internal connections of a breadboard introduce small resistances, and when combined with increased current flow, these resistances can lead to localised heating at connection points. Additionally, loose or imperfect connections can create further inefficiencies, causing uneven voltage distribution across the circuit.
Another important factor contributing to overheating was the absence of supporting power management components. In a well-designed circuit, voltage regulators, decoupling capacitors, and filtering components are used to stabilise the power supply and reduce noise. In this case, the removal of the buck converter meant that there was no mechanism to smooth out voltage fluctuations or protect components from sudden changes in supply. This lack of regulation increased stress on both the microcontroller and sensors, leading to unstable operation and heat build-up.
The sensors themselves may also have contributed to the issue. Devices such as the MAX30102 rely on internal light-emitting elements and sensitive detection circuits, which can become inefficient if not powered correctly. Similarly, the MLX90614 requires stable voltage for accurate infrared measurement. When these components are not operating within their specified conditions, they may consume more power than expected, further increasing the risk of overheating.
In addition to hardware challenges, the project also faced significant software development difficulties, particularly in relation to the C compiler. 
Difficulties arose when setting up the compiler, including incorrect configuration settings, issues with device selection, and problems linking required libraries. These issues prevented successful compilation of the code at various stages and slowed the development process. 
There were also challenges related to uploading code to the microcontroller, which is an essential step in testing embedded systems. Problems with programming tools meant that even when code was successfully compiled, it could not be transferred to the device. This further limited the ability to test the system as a whole.
Due to the combination of hardware instability and software issues, it was not possible to carry out full system integration testing, and as such a provisional version of the software was developed. This simplified code was designed specifically for testing purposes and would allow individual components to be evaluated without the complexity of the full system logic. For example, the temperature sensor could be tested with a simple program that reads values and activates an LED when a threshold is exceeded, without involving heart rate monitoring. Similarly, the heart rate sensor and LED outputs could be tested in isolation.
User testing could not be done as the sensors would need to be placed close to the body and it was deemed unsafe due to the components overheating. 
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The aim of this project was to design and develop an Integrated Driver Health and Safety System capable of monitoring key physiological signals and providing clear, real-time alerts based on detected conditions. The system focused on measuring heart rate and body temperature using the MAX30102 and MLX90614 sensors, with processing carried out by the PIC16F18877 microcontroller and results displayed through a set of LED indicators. While the project successfully demonstrated many of the core principles of embedded system design and physiological monitoring, it is important to acknowledge that the final fully integrated product was not completely achieved due to a number of technical challenges encountered during development and testing. 
The decision to simplify the system by removing non-essential components, such as the MPU6050 sensor and buzzer, was a positive outcome. This allowed the project to focus more directly on its core aim of physiological monitoring, reducing unnecessary complexity in both hardware and software. As a result, the final design was clearer, more focused, and easier to understand. 
However, several limitations prevented the system from reaching a fully functional and stable final design. The most significant issue was related to power supply design. The removal of the 12V–5V buck converter and the decision to power the system using a 3.7V battery introduced instability into the circuit. Without proper voltage regulation, components were subjected to fluctuating and often insufficient voltage levels. This led to inefficient operation, increased current draw, and ultimately component overheating. The breadboard setup further contributed to this issue, as it is not designed for stable, long-term power distribution. 
In addition to hardware issues, software development challenges also impacted the project. Difficulties with configuring the C compiler, integrating sensor communication protocols, and uploading code to the microcontroller delayed progress and limited the ability to perform full system integration.  
Because of these combined issues, the final product was not fully realised as originally intended. A fully integrated, stable system capable of continuous real-time monitoring and reliable output was not achieved within the available timeframe. However, the work completed still represents a meaningful prototype and demonstrates the feasibility of the concept. 
Looking forward, several recommendations can be made to improve the system and support future development. 
The most important area for improvement is power management. A stable and appropriate power supply must be implemented to ensure reliable operation of all components. For a battery-powered system, this would involve using a boost converter to step the 3.7V battery voltage up to a stable 5V supply, or alternatively designing the system to operate at a regulated 3.3V if supported by all components. The inclusion of decoupling capacitors and filtering components would further improve voltage stability and reduce noise in the system. 
Another key recommendation is the transition from a breadboard prototype to a PCB (Printed Circuit Board) design. A PCB would provide secure and permanent connections, reduce electrical resistance and noise, and significantly improve the reliability of the system. It would also allow for better layout design, including optimised routing of sensor signals and improved power distribution. 
In terms of software, future work should focus on improving the development environment setup and code structure. Ensuring that the compiler and programming tools are correctly configured at an early stage would prevent delays. The software itself could be made more modular, allowing different parts of the system (such as sensor reading, data processing, and output control) to be developed and tested independently before integration. 
The system could also be expanded to include additional features, such as data logging or wireless communication. For example, sensor data could be transmitted to a mobile device or central monitoring system using Bluetooth or GSM technology. This would make the system more practical for real-world applications and allow for remote monitoring. 
Further testing and validation is also essential. Future work should include long-duration testing to assess system stability, as well as testing under different environmental conditions. User testing could also be carried out to evaluate how effectively the system communicates information and how it performs in realistic scenarios. 
Finally, consideration should be given to improving the robustness and usability of the system. This could include designing an enclosure, improving sensor placement, and ensuring the system can operate reliably in a vehicle environment where vibration and temperature changes are common. 
[bookmark: _Toc228521601]Reflection
Overall, this project was a challenging but valuable experience that helped develop both my technical and personal skills. Designing and building the system gave me a better understanding of how embedded systems work in practice, particularly when combining hardware and software. While I was able to produce a prototype, the project did not fully reach the final stage I had originally planned, and this highlighted several areas for improvement. 
One of the main strengths of my work was my ability to adapt and make decisions during development. For example, I chose to remove components such as the MPU6050 sensor and buzzer to simplify the system and focus on the core functionality. This made the project more manageable and allowed me to make clearer progress. 
However, the project also exposed weaknesses, particularly in time management. I underestimated how long certain tasks would take, especially setting up the programming environment and troubleshooting hardware issues. A significant amount of time was spent dealing with problems such as compiler errors and power supply instability, which reduced the time available for full system integration and testing. As a result, I was not able to fully complete the final product as intended. 
Looking back, I should have planned the project timeline more carefully, allowing extra time for unexpected issues. Starting the software development earlier and ensuring that the development environment was fully working at the beginning would have saved time later. I also could have set clearer milestones for each stage of the project to keep progress on track. 
Despite these challenges, the project helped me develop important skills such as problem-solving, troubleshooting, and independent learning. I gained experience working with sensors, microcontrollers, and programming, as well as understanding the importance of stable power design.
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Provisional code: 
#include <xc.h>
#include <stdint.h>
#include <stdbool.h>
#define _XTAL_FREQ 4000000
// =====================================================
// CONFIG BITS (PIC18F18877)
// =====================================================
#pragma config FEXTOSC = OFF
#pragma config RSTOSC = HFINT1
#pragma config WDTE = OFF
#pragma config LVP = OFF
#pragma config MCLRE = ON
// =====================================================
// LED DEFINITIONS
// =====================================================
#define GREEN_LED  LATAbits.LATA0
#define RED_LED    LATAbits.LATA1
#define YELLOW_LED LATAbits.LATA2
#define WHITE_LED  LATAbits.LATA3
// =====================================================
// I2C ADDRESSES
// =====================================================
#define MAX30102_ADDR 0x57
#define MLX90614_ADDR 0x5A
// =====================================================
// FILTER
// =====================================================
#define FILTER_SIZE 5
unsigned int ir_buffer[FILTER_SIZE];
unsigned char filter_index = 0;
// =====================================================
// HEART RATE VARIABLES
// =====================================================
volatile unsigned int ms_ticks = 0;
unsigned int last_peak_time = 0;
unsigned int bpm = 0;
// =====================================================
// FUNCTION PROTOTYPES
// =====================================================
void OSC_Init(void);
void GPIO_Init(void);
void I2C_Init(void);
void TIMER0_Init(void);
char I2C_Check(unsigned char addr);
unsigned int Read_IR_Value(void);
unsigned int Read_Temp_Raw(void);
unsigned int MovingAverageFilter(unsigned int value);
bool DetectPeak(unsigned int value);
float ConvertTemp(unsigned int raw);
// =====================================================
// INTERRUPT (1ms TIMER)
// =====================================================
void __interrupt() ISR(void)
{
    if (INTCONbits.TMR0IF)
    {
        INTCONbits.TMR0IF = 0;
        TMR0 = 100; // reload for ~1ms
        ms_ticks++;
    }
}
// =====================================================
// MAIN
// =====================================================
void main(void)
{
    OSC_Init();
    GPIO_Init();
    I2C_Init();
    TIMER0_Init(); 
    GREEN_LED = RED_LED = YELLOW_LED = WHITE_LED = 0; 
    unsigned int ir_raw, ir_filtered;
    unsigned int temp_raw;
    float temp_c;
 
    while(1)
    {
        // ---------------- SENSOR CHECK ----------------
        char heart_ok = I2C_Check(MAX30102_ADDR);
        char temp_ok  = I2C_Check(MLX90614_ADDR); 
        // ---------------- HEART RATE ----------------
        ir_raw = Read_IR_Value();
        ir_filtered = MovingAverageFilter(ir_raw); 
        if (DetectPeak(ir_filtered))
        {
            unsigned int diff = ms_ticks - last_peak_time; 
            if (last_peak_time != 0 && diff > 0)
            {
                bpm = 60000 / diff;
            } 
            last_peak_time = ms_ticks;
        } 
        // ---------------- TEMPERATURE ----------------
        temp_raw = Read_Temp_Raw();
        temp_c = ConvertTemp(temp_raw);
         // ---------------- LED RESET ----------------
        GREEN_LED = RED_LED = YELLOW_LED = WHITE_LED = 0;
         // ---------------- STATE LOGIC ----------------
        if (bpm > 85 && temp_c > 38.0)
        {
            WHITE_LED = 1;
        }
        else
        {
            if (bpm <= 85 && temp_c <= 38.0)
                GREEN_LED = 1;
             if (bpm > 85)
                RED_LED = 1;
             if (temp_c > 38.0)
                YELLOW_LED = 1;
        }
         __delay_ms(50);
    }
}
// =====================================================
// OSCILLATOR
// =====================================================
void OSC_Init(void)
{
    OSCCON1 = 0x60; // HFINTOSC
    OSCFRQ = 0x02;  // 4 MHz
}
// =====================================================
// GPIO INIT
// =====================================================
void GPIO_Init(void)
{
    TRISA = 0x00;
    ANSELA = 0x00; // disable analog
    GREEN_LED = 0;
    RED_LED = 0;
    YELLOW_LED = 0;
    WHITE_LED = 0;
}
// =====================================================
// TIMER0 INIT (1ms tick)
// =====================================================
void TIMER0_Init(void)
{
    T0CON0 = 0x90; // 16-bit, enabled
    T0CON1 = 0x40; // Fosc/4, prescaler 1:1
    TMR0 = 100;
    INTCONbits.TMR0IF = 0;
    INTCONbits.TMR0IE = 1;
    INTCONbits.GIE = 1;
}
// =====================================================
// I2C INIT (MSSP1)
// =====================================================
void I2C_Init(void)
{
    TRISC3 = 1;
    TRISC4 = 1;
    // PPS (IMPORTANT for PIC18F18877)
    SSP1CLKPPS = 0x13; // RC3
    SSP1DATPPS = 0x14; // RC4
    RC3PPS = 0x0F;     // SCL
    RC4PPS = 0x10;     // SDA
    SSP1CON1 = 0x28;
    SSP1CON2 = 0x00;
    SSP1ADD = 9;
    SSP1STAT = 0x00;
}
// =====================================================
// I2C CHECK DEVICE
// =====================================================
char I2C_Check(unsigned char addr)
{
    SSP1CON2bits.SEN = 1;
    while (SSP1CON2bits.SEN);
    SSP1BUF = (addr << 1);
    while (!PIR1bits.SSP1IF);
    PIR1bits.SSP1IF = 0;
    char ack = !SSP1CON2bits.ACKSTAT;
    SSP1CON2bits.PEN = 1;
    while (SSP1CON2bits.PEN);
    return ack;
}
// =====================================================
// MOVING AVERAGE FILTER
// =====================================================
unsigned int MovingAverageFilter(unsigned int value)
{
    ir_buffer[filter_index] = value;
    filter_index = (filter_index + 1) % FILTER_SIZE;
    unsigned long sum = 0;
    for (int i = 0; i < FILTER_SIZE; i++)
        sum += ir_buffer[i];
    return (unsigned int)(sum / FILTER_SIZE);
}
// =====================================================
// PEAK DETECTION (SIMPLIFIED)
// =====================================================
bool DetectPeak(unsigned int value)
{
    static unsigned int prev = 0;
    if (value > 50000 && prev <= 50000)
    {
        prev = value;
        return true;
    }
    prev = value;
    return false;
}
// =====================================================
// TEMPERATURE CONVERSION
// =====================================================
float ConvertTemp(unsigned int raw)
{
    float temp = raw * 0.02;
    return temp - 273.15;
}
// =====================================================
// SENSOR STUBS (REPLACE WITH REAL I2C READS)
// =====================================================
unsigned int Read_IR_Value(void)
{
    return 50000 + (ms_ticks % 2000);
}
unsigned int Read_Temp_Raw(void)
{
    return 3000 + (ms_ticks % 50);
}
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