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ABSTRACT
The increasing demand for smart home technologies has driven the development of intelligent lighting systems capable of adapting to environmental conditions and user behaviour. Smart lighting solutions have been shown to improve both energy efficiency and user convenience through the integration of sensor-based control systems [1], [2].

This project presents the design and implementation of a smart children’s night light using a PIC microcontroller. The system integrates a passive infrared (PIR) sensor for motion detection and a light dependent resistor (LDR) for ambient light sensing. These inputs are processed by a microcontroller to control LED brightness using pulse width modulation (PWM), allowing the system to operate only under low-light conditions and when motion is detected.

The system was initially designed using the PIC16F877A microcontroller; however, due to hardware availability constraints, the design was adapted to utilise the PIC16F877. This modification required minimal changes due to architectural similarities between the devices, demonstrating the flexibility of the system design.

The system was developed and tested in Proteus simulation before progressing to a partial hardware implementation. Experimental results indicate that the system successfully responds to motion and ambient light conditions, with stable PWM-based brightness control and improved energy efficiency compared to conventional lighting systems.

It is concluded that the proposed system provides a practical and cost-effective solution for smart night lighting applications. Future improvements may include wireless integration, enhanced sensor accuracy, and optimisation for low-power operation.
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1. [bookmark: _Ref228405405][bookmark: _Toc228532277]CHAPTER 1 – INTRODUCTION
1.1. [bookmark: _Ref228405438][bookmark: _Toc228532278]Background
The rapid advancement of embedded systems has enabled the integration of intelligent control into everyday household applications. These systems combine hardware and software to perform dedicated functions, often in real time, making them highly suitable for automation and control tasks. Smart lighting systems, in particular, have gained significant attention due to their ability to improve energy efficiency, automation, and user comfort [1]. By incorporating sensors and programmable control, lighting systems can respond dynamically to environmental conditions, reducing unnecessary energy consumption and enhancing usability.

Traditional night lighting systems operate continuously or require manual switching, leading to inefficient energy usage and reduced system lifespan. In many cases, lights remain active even when not required, contributing to increased power consumption. In applications such as children’s night lighting, maintaining appropriate illumination while ensuring energy efficiency is essential. Excessive brightness may disturb sleep, while insufficient lighting can reduce safety and comfort. Therefore, a balance must be achieved between visibility, energy efficiency, and user convenience.

Microcontroller-based systems provide a flexible and cost-effective solution for implementing intelligent lighting systems. These systems can process sensor inputs and dynamically adjust outputs, enabling responsive and adaptive behaviour [2]. By integrating components such as motion sensors and ambient light sensors, microcontrollers can make real-time decisions to control lighting only when necessary, see Figure 1 below. This approach not only improves energy efficiency but also extends the operational lifespan of the lighting system. Furthermore, the programmability of microcontrollers allows for customisation and scalability, making them suitable for a wide range of smart home applications.
[image: ]
[bookmark: _Ref228484640][bookmark: _Toc228532362]Figure 1 – Conceptual Smart Night Light System Overview

1.2. [bookmark: _Toc228532279]Problem Statement
Conventional night lighting systems lack adaptability and intelligent control. These systems typically operate in a static manner, either remaining permanently active or relying on manual switching. As a result, they often remain on when not required, leading to inefficient energy usage and unnecessary power consumption. This not only increases operational costs but also reduces the lifespan of lighting components due to prolonged usage.

In addition, these systems do not respond to environmental changes such as variations in ambient light or occupancy. In practical applications, particularly in children’s environments, this can lead to inappropriate lighting conditions. For example, lighting that is too bright may cause discomfort or disturb sleep, while insufficient lighting may reduce visibility and compromise safety. The inability of conventional systems to adapt to such conditions highlights a significant limitation in their design.

Furthermore, fixed brightness levels do not account for varying ambient light conditions throughout the day or night. Environmental lighting can change due to factors such as time of day, artificial lighting, or external light sources. Without dynamic adjustment, the lighting system cannot maintain optimal illumination levels, resulting in either over-illumination or inadequate lighting.

There is therefore a need for an intelligent lighting system that can respond dynamically to both environmental and user conditions. Such a system should:
· Operate only when required, reducing unnecessary energy consumption 
· Adjust brightness dynamically based on ambient light levels 
· Enhance safety and usability by providing appropriate illumination 
· Improve overall energy efficiency and extend system lifespan 
By addressing these limitations, an adaptive lighting system can provide a more efficient, user-friendly, and practical solution compared to traditional night lighting systems.

1.3. [bookmark: _Toc228532280]Aim
The aim of this project is to design and implement a smart children’s night light system using a PIC microcontroller that responds to motion and ambient light conditions. The system is intended to provide an automated and energy-efficient lighting solution that activates only when required and adjusts its operation based on environmental inputs.

The project focuses on integrating sensor-based inputs, specifically motion detection and ambient light sensing, with microcontroller-based control to create a responsive and adaptive lighting system. By incorporating pulse width modulation (PWM), the system will also enable dynamic control of LED brightness, ensuring appropriate illumination levels for different conditions.

Overall, the aim is to develop a practical and cost-effective embedded system that enhances user comfort, improves safety in low-light environments, and reduces unnecessary energy consumption compared to conventional night lighting solutions.


1.4. [bookmark: _Toc228532281]Objectives
The objectives of the project are:
· To implement motion detection using a PIR sensor
This involves integrating a passive infrared (PIR) sensor with the microcontroller to detect the presence of movement. The objective is to ensure that the lighting system activates only when motion is detected, improving energy efficiency and system responsiveness. 
· To measure ambient light levels using an LDR
This objective focuses on using a light dependent resistor (LDR) in a voltage divider configuration to monitor environmental light conditions. The system will use this input to determine whether lighting is required, ensuring operation only in low-light conditions. 
· To control LED brightness using PWM
Pulse width modulation (PWM) will be implemented to dynamically adjust LED brightness. This allows the system to provide appropriate illumination levels while maintaining energy efficiency and reducing power consumption. 
· To design and simulate the system in Proteus
The system will be modelled and tested in Proteus simulation software to verify circuit functionality and software behaviour before physical implementation. This stage helps identify and resolve potential issues early in the development process. 
· To develop a physical prototype
A hardware prototype will be constructed using a breadboard to validate the practical operation of the system. This includes integrating all components and testing real-world performance. 
· To evaluate system performance
The final objective is to assess the system under different conditions, including varying light levels and motion scenarios. This evaluation will determine how effectively the system meets its intended functionality and identify any limitations.

1.5. [bookmark: _Toc228532282]Scope of the Project
The project focuses on the development of a standalone embedded system using a PIC microcontroller. The system is designed to operate independently without reliance on external networks or communication systems, ensuring simplicity, reliability, and ease of implementation. The core functionality of the system is based on the integration of sensor inputs and microcontroller-based control to achieve intelligent lighting behaviour.

The system includes the following key components and functions:

· Motion detection (PIR sensor)
A passive infrared (PIR) sensor is used to detect movement within the environment. This enables the system to activate only when motion is present, improving energy efficiency and responsiveness. 
· Ambient light sensing (LDR)
A light dependent resistor (LDR) is used to measure ambient light levels. This allows the system to determine whether lighting is required, ensuring operation only under low-light conditions. 
· LED brightness control using PWM
Pulse width modulation (PWM) is implemented to control the brightness of the LED output. This enables dynamic adjustment of illumination levels, improving user comfort and reducing unnecessary power consumption. 
· Time-based control logic
The system incorporates timing functionality to ensure that the light remains active for a defined period after motion is detected, before automatically turning off. This prevents continuous operation and further enhances energy efficiency. 

The project is limited to the development of a prototype system and does not include advanced features such as wireless communication, mobile application integration, or large-scale deployment. These features were intentionally excluded to maintain focus on core embedded system design and functionality. However, they are identified as potential areas for future development and system expansion.

1.6. [bookmark: _Toc228532283]Report Structure
This report is structured as follows:
· Chapter 2 – Literature Review
This chapter presents a review of relevant research and technologies associated with smart lighting systems, embedded control, and sensor integration. It provides the theoretical background required to support the design decisions made in this project. 
· Chapter 3 – Methodology
This chapter outlines the research and development methods used throughout the project. It explains the approach taken for system design, simulation, implementation, and testing, including justification for the selected tools and techniques. 
· Chapter 4 – Design & Implementation
This chapter describes the overall system design, including both hardware and software components. It details the circuit design, component selection, and control algorithms, along with the implementation of the system in both simulation and hardware form. 
· Chapter 5 – Evaluation
This chapter evaluates the performance of the system based on testing results. It analyses system behaviour under different conditions, compares results with expected outcomes, and identifies any limitations. 
· Chapter 6 – Conclusions & Recommendations
This chapter summarises the key findings of the project and evaluates the extent to which the aim and objectives were achieved. It also provides recommendations for future improvements and potential system enhancements. 
· Chapter 7 – Reflection
This chapter reflects on the overall project experience, including technical learning, challenges encountered, and personal development throughout the project.


2. [bookmark: _Toc228532284]CHAPTER 2 – RESEARCH & REVIEW OF LITERATURE 
2.1. [bookmark: _Toc228532285]Introduction
This chapter reviews the key technologies and research relevant to the development of the proposed smart night light system. It examines the fundamental principles and existing solutions associated with smart lighting systems, microcontroller-based embedded systems, motion detection using PIR sensors, ambient light sensing using LDRs, and pulse width modulation (PWM) for LED control.

The review focuses on how these technologies are applied in modern embedded systems and evaluates their suitability for use in an intelligent lighting application. By analysing current approaches and established design techniques, this chapter provides a clear understanding of the strengths and limitations of each component used within the system.

In addition, this chapter highlights how the integration of sensing and control technologies can be used to improve energy efficiency, automation, and user experience in lighting systems. The discussion also considers alternative methods where relevant, allowing for comparison and justification of the selected design approach.

The purpose of this review is therefore to provide the necessary theoretical background to support the development of the system, while also justifying the design decisions made in this project. This ensures that the proposed solution is grounded in established engineering principles and informed by existing research.

2.2. [bookmark: _Toc228532286]Smart Lighting Systems
Smart lighting systems are an important component of modern embedded and home automation technologies. These systems improve energy efficiency and user convenience by adapting lighting behaviour based on environmental conditions and occupancy [3]. Unlike traditional lighting systems, smart lighting solutions incorporate sensing, control, and automation to provide responsive and efficient operation.
Research has shown that motion-based lighting systems can significantly reduce energy consumption compared to continuously operating lighting systems [4]. By activating only when occupancy is detected, unnecessary power usage is minimised, making these systems particularly suitable for applications where lighting is required intermittently. In addition, adaptive lighting based on ambient conditions improves both user comfort and operational efficiency by maintaining appropriate illumination levels without manual adjustment.

Smart lighting systems are commonly used in a range of applications, including residential environments, commercial buildings, and industrial settings. In domestic applications, such as children’s night lighting, these systems can enhance safety and usability by providing illumination only when needed, while also maintaining a comfortable lighting level see Figure 2 below.

[image: ]
[bookmark: _Ref228484703][bookmark: _Toc228532363]Figure 2 – General Smart Lighting System Architecture


Typical smart lighting systems consist of three main components:
· Sensor inputs (e.g., motion and light sensors)
These provide real-time environmental data, allowing the system to detect occupancy and measure ambient light levels. 
· A control unit (microcontroller or processor)
The control unit processes sensor inputs and executes decision-making algorithms to determine the appropriate system response. 
· Output devices (LED lighting systems)
These provide the physical lighting output, with brightness and operation controlled by the system. 
The integration of these components enables a closed-loop control system, where sensor inputs continuously influence system behaviour. This approach allows for real-time adaptation and improved efficiency compared to static lighting systems.

The system developed in this project follows this general architecture, using sensor inputs and microcontroller-based control to implement an automated and energy-efficient night lighting solution.

2.3. [bookmark: _Toc228532287]Microcontroller-Based Embedded Systems
Microcontrollers are widely used in embedded systems due to their ability to process inputs and control outputs in real time. These devices form the core of many automated systems, enabling the integration of sensing, processing, and control within a single compact unit. Devices from Microchip Technology, such as the PIC16F877, are commonly used in control and automation applications due to their reliability, low cost, and ease of programming.

Microcontrollers are particularly well suited to applications that require continuous monitoring and response to changing conditions. In embedded lighting systems, they allow sensor inputs to be processed in real time, enabling dynamic control of outputs such as LEDs.

The PIC16F877 provides several integrated features including:
· Digital and analogue input/output ports
These allow the microcontroller to interface with both digital components, such as the PIR sensor, and analogue components, such as the LDR. 
· Analogue-to-digital converter (ADC)
The ADC enables the conversion of analogue signals into digital values that can be processed by the microcontroller, which is essential for interpreting ambient light levels. 
· Timer modules
Timers are used to implement delays and time-based control functions, such as maintaining LED activation for a defined period. 
· Pulse width modulation (PWM) capability
PWM allows efficient control of LED brightness by varying the duty cycle of the output signal. 
[image: PIC16F877A-I/P PDIP-40]
[bookmark: _Ref228484747][bookmark: _Toc228532364]Figure 3 – PIC16F877 Microcontroller Pin Configuration
The pin configuration Figure 3 above is representative of both PIC16F877 and PIC16F877A devices, which share identical pin layouts [13], [14].
These features make the microcontroller highly suitable for integrating multiple sensors and controlling LED outputs efficiently within a single system. By combining analogue and digital functionality, the PIC16F877 reduces the need for additional external components, simplifying the overall system design.

Previous studies have demonstrated that PIC microcontrollers are effective for real-time embedded applications involving sensor integration and control systems [5]. Their architecture allows for reliable and predictable operation, which is essential in applications requiring consistent performance.

It should be noted that the original design utilised the PIC16F877A; however, due to component availability constraints, the system was implemented using the PIC16F877. As both devices share similar architecture and functionality, this substitution did not significantly impact system performance. This also demonstrates the flexibility of the system design, as it can accommodate minor hardware changes without requiring significant redesign.

2.4. [bookmark: _Toc228532288]Motion Detection Using PIR Sensors
Passive Infrared (PIR) sensors are commonly used for motion detection in embedded systems. They operate by detecting changes in infrared radiation emitted by objects within their field of view, particularly warm-bodied objects such as humans [6]. When a person moves within the detection range, the sensor detects a variation in infrared energy and generates a corresponding electrical signal.

PIR sensors typically consist of a pyroelectric sensing element combined with a Fresnel lens, which focuses infrared radiation onto the sensor Figure 4 below shows this. The sensor detects changes rather than absolute temperature, meaning that motion is identified when there is a variation in infrared levels across the sensing area.

[image: Introduction to PIR Sensor: What Is It and How Does It Work? - Welcome]
[bookmark: _Ref228484775][bookmark: _Toc228532365]Figure 4– PIR Sensor Detection Principle (adapted from [6])

PIR sensors are widely used in embedded applications due to several advantages:
· Low cost
They are inexpensive and readily available, making them suitable for low-cost embedded systems. 
· Low power consumption
PIR sensors consume minimal power, which is beneficial for energy-efficient designs. 
· Simple digital output
Most PIR modules provide a straightforward high or low output signal, simplifying integration with microcontrollers. 
Despite these advantages, PIR sensors also have several limitations:
· Susceptibility to false triggering
External factors such as temperature changes, electrical noise, or rapid environmental variations can cause unintended activation. 
· Limited detection range and angle
The effectiveness of the sensor is constrained by its field of view and sensitivity settings. 
· Sensitivity to environmental conditions
Performance can be affected by ambient temperature, airflow, or obstacles within the detection area. 
These limitations must be considered when designing reliable embedded systems. To address these issues, filtering and control strategies are often implemented. For example, software-based filtering can be used to ignore short-duration signals, ensuring that only sustained motion triggers system activation. Additionally, timing mechanisms can be applied to maintain output states for a defined period, reducing the impact of intermittent signals.

In this project, such filtering and timing techniques are incorporated within the microcontroller program to improve system stability and ensure reliable motion detection.

2.5. [bookmark: _Toc228532289]Ambient Light Sensing Using LDR
Light Dependent Resistors (LDRs) are widely used for measuring ambient light levels in low-cost embedded systems. An LDR is a passive component whose resistance varies according to the intensity of incident light. As light intensity increases, the resistance decreases, and as light intensity decreases, the resistance increases. This property allows LDRs to be used effectively for simple light sensing applications [7].

In embedded systems, LDRs are typically used in a voltage divider configuration, where the changing resistance produces a corresponding variation in output voltage. This analogue voltage can then be measured using the analogue-to-digital converter (ADC) of a microcontroller, allowing the system to interpret ambient light levels and respond accordingly.


[image: LDR interfacing with pic microcontroller and mikro c - MINA TECHNOLOGY]
[bookmark: _Ref228484855][bookmark: _Toc228532366]Figure 5– LDR Voltage Divider Circuit [7], [38]
The use of an LDR as shown above in the circuit of Figure 5, in this configuration provides a simple and cost-effective method for detecting changes in environmental lighting. By setting a threshold value within the microcontroller, the system can determine whether the surrounding environment is considered light or dark, enabling automatic control of the lighting system. 

However, LDRs have several limitations that must be considered. They are generally less accurate and slower to respond compared to photodiodes or digital light sensors. Additionally, LDRs can be affected by noise, temperature variations, and non-linear response characteristics, which may lead to fluctuations in measured values.
Despite these limitations, LDRs remain suitable for applications where precise light measurement is not required. In this project, the primary objective is to distinguish between low-light and well-lit conditions rather than to measure exact light intensity. Therefore, the simplicity, low cost, and ease of integration of the LDR make it an appropriate choice for the system design.


2.6. [bookmark: _Toc228532290]Pulse Width Modulation (PWM) for LED Control
Pulse Width Modulation (PWM) is a widely used technique for controlling LED brightness in embedded systems. It operates by rapidly switching a digital signal between high and low states, while varying the proportion of time the signal remains in the high state, known as the duty cycle see Figure 6 below. By adjusting the duty cycle, the average power delivered to the LED can be controlled, thereby changing its perceived brightness [8].

At higher duty cycles, the LED remains on for a greater proportion of time, resulting in increased brightness. Conversely, at lower duty cycles, the LED is on for a shorter duration, producing a dimmer output. Although the signal is switching rapidly, the human eye perceives this as a continuous change in brightness due to persistence of vision.

[image: PWM Pulse Width Modulation Tutorial | Circuit Crush]
[bookmark: _Ref228484914][bookmark: _Toc228532367]Figure 6 – PWM Signal and Duty Cycle Variation (adapted from [8], [37])


PWM provides several advantages over alternative methods such as analogue voltage control:
· High efficiency
Since the LED is either fully on or fully off, power losses are minimised compared to linear control methods. 
· Reduced power dissipation
Minimal energy is lost as heat, improving overall system efficiency and component lifespan. 
· Precise brightness control
Fine adjustments to the duty cycle allow accurate control of light intensity. 
In addition, PWM allows consistent LED colour and performance, as the LED operates at its optimal forward voltage when switched on.

The PIC16F877 includes a built-in PWM module, which simplifies implementation by generating a stable PWM signal without requiring complex software control. This hardware-based approach reduces processing overhead and improves system reliability.

In this project, PWM is used to provide adjustable brightness levels based on environmental conditions, ensuring that the lighting output is both energy-efficient and comfortable for the user.

2.7. [bookmark: _Toc228532291]Comparison of Alternative Approaches
Alternative approaches to implementing smart lighting systems include:
· Analogue circuits using comparators 
· Microcontroller platforms such as Arduino 
· Commercial smart lighting modules 
Analogue lighting control systems typically use components such as comparators, resistors, and transistors to create threshold-based switching behaviour. While these systems are simple and cost-effective, they lack flexibility and adaptability. Once designed, their functionality is fixed and cannot easily be modified without redesigning the circuit. Additionally, analogue systems are limited in their ability to implement complex control logic, such as timing functions or dynamic brightness adjustment.

Microcontroller platforms such as Arduino provide a more flexible solution. They offer user-friendly development environments, extensive libraries, and ease of programming, making them suitable for rapid prototyping. However, Arduino-based systems may introduce unnecessary overhead for low-level control applications. They often include additional abstraction layers and general-purpose features that are not required for simple embedded tasks, potentially reducing efficiency and increasing system cost compared to more specialised microcontrollers.

Commercial smart lighting modules, including integrated smart bulbs or home automation systems, provide advanced functionality such as wireless connectivity, remote control, and integration with smart home platforms. While these systems offer convenience and scalability, they are typically more expensive and less suitable for custom embedded system development. They also limit the level of control and understanding of the underlying system design.
In comparison, the PIC microcontroller approach used in this project offers several advantages:
· Efficient hardware-level control
Direct access to hardware resources allows precise and optimised system operation. 
· Low cost
PIC microcontrollers are inexpensive and widely available, making them suitable for cost-sensitive applications. 
· Integration of analogue and digital functionality
Built-in features such as ADC and PWM enable seamless integration of sensors and outputs within a single device. 
· Flexibility and programmability
The system can be modified and expanded through software without requiring significant hardware changes. 
This approach provides a balance between simplicity, flexibility, and performance, making it well suited to the requirements of this project. It allows the implementation of intelligent control features while maintaining efficiency and low system complexity.
2.8. [bookmark: _Toc228532292]Summary
This chapter reviewed the key technologies relevant to the development of the smart night light system, including smart lighting architectures, microcontroller-based embedded systems, motion detection using PIR sensors, ambient light sensing using LDRs, and pulse width modulation (PWM) for LED control.
The literature demonstrates that smart lighting systems can significantly improve energy efficiency and user convenience through the use of sensor-based automation. The integration of motion detection and ambient light sensing enables systems to respond dynamically to environmental conditions, reducing unnecessary power consumption while maintaining appropriate illumination levels.
Furthermore, the review highlights the suitability of microcontroller-based approaches for implementing such systems. The use of a PIC microcontroller provides an effective balance between cost, flexibility, and performance, allowing real-time processing of sensor inputs and efficient control of outputs. The inclusion of PWM functionality enables precise and energy-efficient control of LED brightness, while the use of simple sensors such as PIR modules and LDRs provides a practical and low-cost sensing solution.
Alternative approaches, including analogue circuits and commercial systems, were also considered. However, these were found to be less suitable due to limitations in flexibility, scalability, or cost. This comparison reinforces the selection of a PIC-based embedded system as the most appropriate solution for the requirements of this project.
Overall, the findings from this literature review justify the design decisions made in this project and provide a strong theoretical foundation for the system development. The concepts and technologies discussed in this chapter directly inform the methodology and implementation described in the following chapters.
3. [bookmark: _Toc228532293]
CHAPTER 3 – RESEARCH AND DEVELOPMENT METHODOLOGY
3.1. [bookmark: _Toc228532294]Introduction
This chapter describes the methodology used to design, develop, and evaluate the smart children’s night light system. The project adopts a combination of experimental and development-based methodologies, as it involves both the creation of a functional embedded system and the evaluation of its performance under varying operating conditions.
A development-based approach is used to design and implement the system, including hardware selection, circuit design, and software programming. This is complemented by an experimental approach, where the system is tested under different environmental conditions, such as varying light levels and motion scenarios, to assess its performance and reliability.
The methodology outlines the processes used for system design, simulation, hardware implementation, and testing. Each stage follows a structured approach, beginning with system planning and component selection, followed by simulation in a controlled environment, and finally physical implementation and testing. This staged process allows for early identification of potential issues and supports iterative improvement of the system.
In addition, this chapter justifies the selection of tools, hardware, and techniques used throughout the project. Consideration is given to factors such as cost, availability, performance, and suitability for embedded system development. This ensures that the chosen methodology is both practical and appropriate for achieving the project objectives.
3.2. [bookmark: _Toc228532295]Research Approach
The project follows an experimental research approach, as it involves the design and testing of a system to evaluate its behaviour under specific operating conditions. Experimental methods are widely used in engineering projects to validate system performance, verify theoretical concepts, and assess how a system responds to real-world inputs [2].
In this project, the experimental approach is used to observe how the embedded system reacts to different environmental conditions, including motion detection and variations in ambient light. By systematically testing the system and analysing its outputs, it is possible to determine whether the design meets the intended functional requirements.
The primary objectives of the experimental approach in this project are:
· To test the response of the system to motion detection
This involves verifying that the PIR sensor correctly detects movement and triggers the lighting system as expected. 
· To evaluate system behaviour under different ambient light levels
The LDR is used to measure environmental light, and the system response is observed to ensure correct operation in both low-light and well-lit conditions. 
· To assess the effectiveness of PWM-based brightness control
The PWM output is analysed to confirm that LED brightness adjusts appropriately and consistently in response to control signals. 
The experimental approach allows measurable outcomes to be obtained and compared against expected system behaviour. This enables identification of any discrepancies between theoretical design and actual performance. It also provides a structured method for validating the reliability and effectiveness of the system.
Furthermore, this approach supports iterative testing and refinement, allowing improvements to be made based on observed results. This is particularly important in embedded system development, where practical implementation can introduce factors such as noise, signal instability, and component limitations that are not always evident during initial design.


3.3. [bookmark: _Toc228532296]Development Methodology
A structured development methodology was adopted to guide the design and implementation of the system. The process followed a simplified iterative approach, allowing the system to be developed in stages while continuously testing and refining performance.
The development process consisted of the following stages:
1. Requirements definition
The initial stage involved identifying the functional requirements of the system based on the project aim and objectives. This included determining the need for motion detection, ambient light sensing, PWM-based LED control, and time-based operation. Defining clear requirements ensured that the system design remained focused and aligned with the intended functionality. 
2. System design
In this stage, the overall system architecture was developed, including selection of components such as the microcontroller, sensors, and output devices. Circuit design was carried out to define how each component would be connected and interact within the system. Design decisions were made based on factors such as cost, availability, and compatibility. 
3. Simulation
The system was modelled and tested using Proteus simulation software. This allowed verification of circuit behaviour and control logic before physical implementation. Simulation provided a controlled environment for identifying potential design issues, such as incorrect connections or logic errors, reducing the risk of faults during hardware development. 
4. Hardware implementation
Following successful simulation, the system was constructed as a physical prototype using a breadboard. This stage involved assembling all components and integrating them into a working system. Practical considerations such as wiring, power supply, and signal stability were addressed during this phase. 
5. Testing and refinement
The final stage involved testing the system under different conditions, including varying light levels and motion scenarios. Any issues identified during testing were resolved through iterative refinement of both hardware and software. This ensured that the system operated reliably and met the project requirements. 
[image: Engineering Design Process]
[bookmark: _Ref228485187][bookmark: _Toc228532368]Figure 7– Development Process Flow Diagram (adapted from [24], [25])
This iterative approach allowed progressive development of the system while identifying and resolving issues at each stage. Unlike linear development models, the iterative method provides flexibility, enabling modifications to be made without requiring a complete redesign.
This method shown in Figure 7 above was particularly suitable for this project, as embedded system development often involves trial and error, especially when transitioning from simulation to hardware. The ability to refine the system incrementally ensured that problems such as sensor instability, wiring errors, and timing issues could be effectively addressed.
3.4. [bookmark: _Toc228532297]System Requirements
The system requirements were derived from the project aim and objectives. These requirements define the expected functionality of the system and ensure that the design remains focused on meeting the intended performance criteria. By clearly identifying both functional and non-functional requirements, the system can be developed in a structured and measurable way, allowing its performance to be evaluated effectively during testing.
Functional Requirements:
· The system shall detect motion using a PIR sensor 
· The system shall measure ambient light using an LDR 
· The system shall activate lighting only in low-light conditions 
· The system shall control LED brightness using PWM 
· The system shall automatically turn off after a predefined time 
These functional requirements define how the system should behave in response to environmental inputs, ensuring that it operates in an automated and energy-efficient manner.
Non-Functional Requirements:
· The system shall operate reliably under normal conditions 
· The system shall be energy efficient 
· The system shall use low-cost components 
· The system shall be suitable for implementation on a breadboard 
These non-functional requirements ensure that the system is practical, cost-effective, and suitable for prototype development, while maintaining stable and consistent operation.
3.5. [bookmark: _Toc228532298]Hardware Selection
The selection of hardware components was based on functionality, cost, and availability. Each component was chosen to ensure that it met the system requirements while remaining practical for a prototype-level implementation. Consideration was also given to ease of integration and compatibility with the microcontroller.
The system is built around the PIC16F877, which provides integrated ADC and PWM functionality required for sensor processing and LED control. This reduces the need for additional external components and simplifies the overall circuit design. The microcontroller’s ability to handle both analogue and digital inputs makes it particularly suitable for this application.
Other key components include:
· PIR sensor for motion detection 
· LDR for ambient light sensing 
· MOSFET for LED switching 
· LED for output 
The use of a MOSFET allows efficient control of higher current loads while protecting the microcontroller from excessive current draw.
The initial design specified the PIC16F877A; however, due to availability constraints, the PIC16F877 was used. This substitution required minimal changes due to their similar architecture, demonstrating the flexibility of the system design.
3.6. [bookmark: _Toc228532299]Software Development
The system software was developed using the CCS C compiler, which is widely used for programming PIC microcontrollers due to its simplicity and efficient handling of hardware-level operations.
The software implementation includes:
· Reading analogue input from the LDR using the ADC 
· Detecting motion via a digital input (PIR sensor) 
· Generating PWM signals to control LED brightness 
· Implementing timing logic for automatic shutdown 
[image: ]
[bookmark: _Toc228532369]Figure 8– Example PWM Initialisation Code
The use of C programming allows efficient control of hardware resources and simplifies system development. It also provides flexibility for modifying system behaviour through software updates. Additionally, the structured nature of the code improves readability, debugging, and maintainability, which are important considerations in embedded system design. The full code can be found in Appendix 1 – CCS C Compiler code.
3.7. [bookmark: _Toc228532300]Simulation Using Proteus
Before hardware implementation, the system was designed and tested using Proteus simulation software see Figure 9 below. Simulation allows system behaviour to be verified without requiring physical components, reducing development time and cost.
Proteus was used to:
· Validate circuit design 
· Test sensor input behaviour 
· Verify PWM output functionality 
· Debug software logic 
[image: ]
[bookmark: _Ref228485288][bookmark: _Ref228485283][bookmark: _Toc228532370]Figure 9 – Proteus Simulation of Night Light System
Simulation provides a controlled environment for identifying design issues prior to hardware implementation. It also allows rapid modification and testing of the system, enabling errors to be identified and corrected early in the development process before progressing to physical construction.
3.8. [bookmark: _Toc228532301]Hardware Implementation
Following successful simulation, a physical prototype was developed using a breadboard see Figure 10 standard circuit & Figure 11 forcing the LDR to think it’s dark constantly. The hardware implementation involved connecting the microcontroller, sensors, and output components according to the circuit design. This stage translated the theoretical design into a practical system.


[image: ]
[bookmark: _Ref228526348][bookmark: _Toc228532371]Figure 10 - Breadboard Prototype Implementation (1)


[bookmark: _Ref228526352][image: ]
[bookmark: _Ref228526412][bookmark: _Toc228532372]Figure 11– Breadboard Prototype Implementation (2)
The implementation stage highlighted practical challenges such as:
· Component availability (PIC16F877A substitution) 
· Wiring complexity 
· Signal stability 
These challenges were addressed through iterative testing and modification. Additional measures such as checking connections, improving wiring layout, and refining component placement were used to enhance system stability and ensure reliable operation.
3.9. [bookmark: _Toc228532302]Testing and Evaluation Strategy
The system was tested under different conditions to evaluate its performance and ensure it met the defined functional requirements.
Test Conditions:
· Motion detected vs no motion 
· Low light vs high light 
· Different PWM duty cycles 
Evaluation Criteria:
· System response time 
· Accuracy of motion detection 
· Stability of brightness control 
· Power efficiency 
The testing approach ensures that the system meets its functional requirements and operates as expected. By varying input conditions systematically, it was possible to observe how the system responded in real-world scenarios. This approach also enabled identification of any inconsistencies or performance limitations, supporting further refinement and optimisation of the system.
3.10. [bookmark: _Toc228532303]Validity and Reliability
The validity of the experiment is ensured by testing the system under controlled and repeatable conditions. The use of both simulation and hardware testing provides multiple levels of verification, allowing results to be compared and confirmed across different environments.
Reliability is achieved through:
· Consistent test conditions 
· Repeated testing 
· Stable hardware configuration 
These measures help to ensure that the results obtained are dependable and not influenced by random variations. Repeating tests under the same conditions allows for consistent system behaviour to be verified.
Although the system is suitable for small-scale applications, its generalisability is limited due to the use of low-cost sensors and a prototype-level design. However, the methodology can be applied to more advanced systems with improved components.
3.11. [bookmark: _Toc228532304]Summary
This chapter has described the methodology used in the design, development, and testing of the smart night light system. A combination of experimental and development approaches was used to ensure both functional implementation and performance evaluation. The structured methodology allowed the project to progress through clearly defined stages, from initial requirements and system design to simulation, hardware implementation, and testing.
Each stage of the methodology contributed to the overall reliability and effectiveness of the system. Simulation provided an opportunity to validate the design before hardware construction, while practical implementation highlighted real-world challenges that required iterative refinement. The testing strategy ensured that system performance could be evaluated under different operating conditions, allowing for verification of expected behaviour.
The methodology also ensured that design decisions were justified and aligned with the project objectives, providing a systematic approach to problem-solving. Overall, it provides a structured framework for the system design presented in the next chapter and supports the development of a reliable and efficient embedded solution.


4. [bookmark: _Toc228532305]CHAPTER 4 – DESIGN & IMPLEMENTATION
4.1. [bookmark: _Toc228532306]Introduction
This chapter presents the design and implementation of the smart children’s night light system. It describes the system architecture, hardware design, and software implementation, with justification for key design decisions.
The chapter demonstrates how the system requirements defined in Chapter 3 were translated into a functional embedded system. It outlines how individual components were integrated to form a complete solution, including the interaction between sensors, control logic, and output devices. This chapter also highlights the practical considerations involved in implementing the system and explains how design choices contribute to overall system performance and reliability.
4.2. [bookmark: _Toc228532307]System Overview
The system is designed to automatically control a night light based on motion detection and ambient light levels. The microcontroller processes inputs from a PIR sensor and an LDR and controls an LED using PWM see Figure 12 below.
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[bookmark: _Ref228485359][bookmark: _Toc228532373]Figure 12 - System Block Diagram (adapted from [3], [5], [13])
The system consists of three main subsystems:
· Input subsystem (PIR sensor and LDR) 
· Control subsystem (PIC microcontroller) 
· Output subsystem (LED with PWM control) 
This modular design simplifies development and improves system clarity. It also allows each subsystem to be developed and tested independently before integration, improving overall reliability. Additionally, this structure supports future system expansion by enabling new components or features to be added with minimal redesign.
4.3. [bookmark: _Toc228532308]Hardware Design
The system is built around the PIC16F877, selected due to its integrated ADC and PWM capabilities.
The microcontroller performs the following functions:
· Reads analogue input from the LDR 
· Detects digital input from the PIR sensor 
· Generates PWM output for LED control 
The original design specified the PIC16F877A; however, due to availability constraints, the PIC16F877 was used. As both devices share similar functionality, this substitution did not significantly affect system performance. The microcontroller was configured to efficiently manage both analogue and digital signals, enabling reliable system operation and real-time response to environmental inputs see Figure 13.
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[bookmark: _Ref228485410][bookmark: _Toc228532374]Figure 13 – PIC Microcontroller Pin Connections


4.3.1. [bookmark: _Toc228532309]LDR Circuit Design
The LDR is used in a voltage divider Figure 14 below is the configuration used to produce a variable voltage based on ambient light levels.
[image: LDR interfacing with pic microcontroller and mikro c - MINA TECHNOLOGY]
[bookmark: _Ref228485429][bookmark: _Toc228532375]Figure 14 – LDR Voltage Divider Circuit
A capacitor was added across the LDR output to reduce noise and stabilise ADC readings. This improves system reliability by preventing rapid fluctuations in brightness. The filtered signal ensures more consistent analogue input to the microcontroller, improving overall system performance.
The use of an LDR was chosen due to its simplicity and low cost, despite its lower accuracy compared to digital light sensors. Its suitability for detecting general light conditions makes it appropriate for this application.
4.3.2. [bookmark: _Toc228532310]PIR Sensor Interface
The PIR sensor provides a digital signal to indicate motion detection see Figure 15 below. This signal is connected to a microcontroller input pin.
[image: ]
[bookmark: _Ref228485471][bookmark: _Toc228532376]Figure 15 – PIR Sensor Connection (adapted from [6], [13])
A pull-down resistor is used to ensure a stable logic level when no motion is detected, preventing false triggering. This helps maintain a defined low state and avoids floating input conditions that could lead to unreliable behaviour.
The PIR sensor was selected due to its low power consumption and suitability for indoor motion detection applications. Its simple digital output allows easy integration with the microcontroller, making it an efficient and practical choice for this system.
4.3.3. [bookmark: _Toc228532311]LED Driver Circuit
The LED is controlled using a MOSFET driven by the microcontroller PWM output. This allows efficient control of LED brightness by switching the LED rapidly on and off according to the PWM signal see Figure 16 below.
[image: ]
[bookmark: _Ref228485558][bookmark: _Toc228532377]Figure 16– MOSFET LED Driver Circuit
A MOSFET was used instead of directly driving the LED from the microcontroller to:
· Allow higher current handling 
· Protect the microcontroller 
· Improve efficiency 
This approach ensures that the microcontroller is not exposed to excessive current, which could cause damage. A gate resistor and pull-down resistor were included to ensure stable operation, preventing unintended switching and ensuring the MOSFET remains off when no signal is present.


4.3.3.1. [bookmark: _Toc228532312]Component Selection and Modification
During the hardware implementation stage, an issue was identified in the LED driver circuit due to incorrect component selection. The device initially used was labelled 2N3819, which was assumed to function as a switching transistor. However, further investigation confirmed that this component is a JFET rather than a logic-level MOSFET. This resulted in unintended continuous conduction of the LED, even when the PWM control signal from the PIC16F877 was disconnected.
JFET devices operate differently from MOSFETs and are not suitable for low-side switching applications driven by microcontroller outputs [21], [22]. In contrast, MOSFETs such as the IRLZ44N are designed for efficient switching and can be directly driven using logic-level voltages from microcontrollers [15], [16]. This distinction is critical in embedded system design, where incorrect device selection can lead to unexpected behaviour.
The issue was diagnosed through systematic testing by isolating the output stage, disconnecting the RC2 control signal, and verifying that the LED remained active. This confirmed that the fault was hardware-related rather than software-related. The component was subsequently replaced with an IRLZ44N MOSFET, restoring correct switching behaviour and aligning the hardware operation with the expected PWM control described in the PIC reference documentation [13], [14], [37].
4.3.4. [bookmark: _Toc228532313]Power Supply Design
The system operates at 5V, supplied via a regulated power source. A voltage regulator Figure 17 below is used to step down input voltage to a stable 5V supply, ensuring consistent operation of all components.
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[bookmark: _Ref228485600][bookmark: _Toc228532378]Figure 17– Power Supply Circuit (7805 Regulator)
Decoupling capacitors were included to reduce noise and ensure stable operation of the microcontroller. These capacitors help filter out voltage fluctuations and transient disturbances, which can affect system performance. A stable power supply is essential for reliable operation, particularly in embedded systems where small voltage variations can lead to unpredictable behaviour.
4.3.4.1. [bookmark: _Toc228532314]Power Supply Testing and Regulator Considerations
During testing, the input voltage supplied to the 7805 regulator was observed to be significantly higher than expected under no-load conditions. This behaviour is consistent with unregulated DC supplies, which can output voltages above their rated value when not under load [19]. Although the regulator maintained a 5 V output, the high input voltage increased power dissipation and thermal stress.
The 7805 regulator is designed to provide a stable 5 V output when supplied with an appropriate input voltage above its dropout level [19]. Excessive input voltage reduces efficiency and can lead to overheating, particularly in breadboard implementations without heat sinking. This highlights the importance of selecting appropriate power sources in embedded systems.
A common ground configuration was maintained across all components, including the PIC microcontroller, PIR sensor, LDR circuit, and LED driver. This ensures consistent voltage reference levels and stable signal behaviour. Proper grounding and power design are essential to minimise noise and maintain reliable operation in embedded circuits [22], [24].
4.4. [bookmark: _Toc228532315]Software Design
The software was developed using the CCS C compiler and implements the control logic of the system. The program is structured to continuously monitor sensor inputs and update the system output in real time.
The program performs the following operations:
· Reads ambient light level using the ADC 
· Detects motion using a digital input 
· Determines whether the light should be activated 
· Adjusts LED brightness using PWM 
· Implements a timer for automatic shut-off 
The software design ensures efficient use of microcontroller resources while maintaining reliable system operation. A simple control structure was used to minimise complexity, making the program easier to debug, modify, and maintain.
4.4.1. [bookmark: _Toc228532316]Control Algorithm
The system follows a simple decision-based algorithm, see Figure 18 below:
1. Read LDR value 
2. Check if environment is dark 
3. Check for motion detection 
4. If both conditions are met → activate LED 
5. Maintain light for predefined time 
6. Turn off LED if no motion detected 
[image: ]
[bookmark: _Ref228485672][bookmark: _Toc228532379]Figure 18 – System Flowchart

4.4.2. [bookmark: _Toc228532317]PWM Implementation
PWM is used to control LED brightness by adjusting the duty cycle of the output signal.
The PWM module of the microcontroller allows efficient brightness control without significant power loss. By varying the duty cycle, the average voltage supplied to the LED changes, resulting in different brightness levels. This method ensures smooth and responsive control while maintaining high efficiency, as the LED operates in switching mode rather than continuous analogue regulation.
4.4.3. [bookmark: _Toc228532318]Code Implementation
The software was written in C using the CCS compiler. Key functions include:
· ADC configuration and reading 
· PWM setup and control 
· Input detection 
· Timing control 
The code was structured to ensure clear organisation and efficient execution of system tasks. Functions were implemented to handle specific operations, improving readability and maintainability. The full program code is included in Appendix 1 – CCS C Compiler code, providing a complete reference for the system implementation.
4.5. [bookmark: _Toc228532319]Simulation Results
The system was initially tested using Proteus simulation to verify functionality before hardware implementation. This allowed the behaviour of the system to be analysed in a controlled environment without the influence of real-world factors.
Simulation confirmed:
· Correct sensor input behaviour 
· Proper PWM output 
· Functional system logic 
The simulation results demonstrated that the system operated as expected according to the design specifications. It also allowed early identification and correction of potential issues, reducing the likelihood of errors during the hardware implementation stage.
4.6. [bookmark: _Toc228532320]Hardware Implementation
A physical prototype was constructed using a breadboard. The implementation involved assembling all components and verifying system operation under real conditions, allowing practical validation of the design.
During implementation, several challenges were encountered:
· Component substitution (PIC16F877A → PIC16F877) 
· Wiring complexity 
· Signal stability issues 
These challenges were resolved through iterative testing and refinement. Careful inspection of connections, adjustments to circuit layout, and minor software modifications were used to improve system stability and ensure reliable operation.
During hardware testing, an issue was encountered where the LED did not respond as expected when controlled by the microcontroller. Initial investigation focused on the output stage, where the MOSFET driver circuit was tested independently. By manually applying a 5 V signal to the MOSFET gate, the LED was successfully switched on, confirming that the LED and MOSFET were functioning correctly.
However, when the MOSFET gate was connected to the RC2 PWM output of the microcontroller, the LED remained off. Further testing revealed that activating the RB0 input caused a significant drop in the system supply voltage from 5 V to approximately 0.2 V. This behaviour indicated a likely short circuit or incorrect wiring within the input stage of the circuit.
Due to this issue, the microcontroller was unable to operate correctly during input triggering, preventing the generation of the PWM signal required to control the LED. The fault was therefore isolated to the input stage rather than the output or control logic.
This highlights the importance of systematic debugging in embedded systems, where isolating and testing individual subsystems is essential for identifying faults. Although the complete system did not function as intended, key parts of the design were successfully validated.
4.7. [bookmark: _Toc228532321]Design Evaluation
The design successfully meets the functional requirements of the system. Key strengths include:
· Efficient use of microcontroller resources 
· Simple and cost-effective design 
· Reliable operation under tested conditions 
The system demonstrates effective integration of hardware and software components, allowing real-time response to environmental inputs. The use of PWM for LED control and sensor-based activation contributes to both energy efficiency and improved usability.
However, limitations include:
· Limited accuracy of LDR sensing 
· Sensitivity of PIR sensor 
· Prototype-level construction 
These limitations highlight areas for improvement, particularly in sensor selection and hardware refinement. Despite these constraints, the design provides a strong foundation for further development and demonstrates the feasibility of the proposed system.
4.7.1. [bookmark: _Toc228532322]Quality Management and Continuous Improvement
The development process followed an iterative approach, allowing the system to be progressively refined through testing and modification. Several improvements were implemented during development, including stabilisation of the LDR input, correction of wiring issues, and replacement of the incorrect LED driver component. This approach reflects recognised quality management practices, where systems are improved through continuous evaluation and refinement [27].
The identification and correction of faults during the hardware stage demonstrates the importance of verification and validation processes in engineering. Each iteration improved system performance and reliability, contributing to a more robust design. This aligns with established engineering design methodologies that emphasise continuous improvement and systematic testing [24], [25].
4.8. [bookmark: _Toc228532323]Summary
This chapter presents the design and implementation of the smart night light system, detailing both the hardware and software components involved. The system integrates sensors, a microcontroller, and an LED output to achieve intelligent and responsive lighting control based on environmental conditions.
The design process demonstrated how individual components, including the PIR sensor, LDR, and PWM-controlled LED, were combined into a cohesive system. Simulation and hardware implementation stages allowed the system to be tested and refined, ensuring that it met the functional requirements defined earlier in the project. Key design decisions, such as the use of a PIC microcontroller and a MOSFET-based driver circuit, were justified based on performance, cost, and practicality.
During hardware testing, an issue was encountered where the LED did not respond as expected when controlled by the microcontroller. Initial investigation focused on the output stage, where the MOSFET driver circuit was tested independently. By manually applying a 5 V signal to the MOSFET gate, the LED was successfully switched on, confirming that the LED and MOSFET were functioning correctly.
However, when the MOSFET gate was connected to the RC2 PWM output of the microcontroller, the LED remained off. Further testing revealed that activating the RB0 input caused a significant drop in the system supply voltage from 5 V to approximately 0.2 V. This behaviour indicated a likely short circuit or incorrect wiring within the input stage of the circuit.
Due to this issue, the microcontroller was unable to operate correctly during input triggering, preventing the generation of the PWM signal required to control the LED. The fault was therefore isolated to the input stage rather than the output or control logic.
This highlights the importance of systematic debugging in embedded systems, where isolating and testing individual subsystems is essential for identifying faults. Although the complete system did not function as intended, key parts of the design were successfully validated.


5. [bookmark: _Toc228532324]CHAPTER 5 – EVALUATION
5.1. [bookmark: _Toc228532325]Introduction
This chapter evaluates the performance of the smart children’s night light system developed in this project. The evaluation is based on both simulation and hardware testing and considers how effectively the system meets the objectives defined in CHAPTER 1 – INTRODUCTION.
The system is assessed in terms of functionality, responsiveness, stability, and efficiency. In addition, the evaluation considers how well the system performs under real-world conditions, particularly in relation to sensor accuracy and signal reliability. The results are also compared with findings from the literature to determine the effectiveness of the design, particularly in relation to embedded lighting control systems and sensor-based automation [4], [8], [9]. 
5.2. [bookmark: _Toc228532326]Functional Testing
Functional testing demonstrated that the system design is capable of performing the intended operations at a conceptual level. The integration of motion detection and ambient light sensing enables conditional system behaviour, where activation is dependent on both environmental and user inputs.
Simulation results confirmed that the control logic operated correctly, with the LED activating only when motion was detected under low-light conditions. This behaviour aligns with the defined system requirements and supports energy-efficient operation.
However, full system functionality was not achieved during hardware implementation. While individual subsystems, such as the MOSFET LED driver, were successfully tested and verified, a fault within the input stage prevented correct overall operation. This issue highlights the limitations of simulation environments, which do not account for real-world factors such as wiring integrity, signal instability, and voltage variation.


5.2.1. [bookmark: _Toc228532327]Motion Detection
The PIR sensor was tested to evaluate the system’s response to motion input Figure 19 below. In simulation, the system responded as expected, with motion detection triggering activation of the LED, confirming correct digital input handling.
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[bookmark: _Ref228486108][bookmark: _Toc228532380]Figure 19 – System Response to Motion Detection
However, during hardware testing, occasional false triggering was observed. This behaviour is consistent with known limitations of PIR sensors, which can be influenced by environmental factors such as temperature variation, electrical noise, and sensor sensitivity [6], [17], [18].
While the sensor demonstrated generally reliable operation, these inconsistencies highlight the need for additional filtering or signal conditioning to improve robustness in practical applications. This is particularly important in embedded systems where stable and predictable input signals are required for correct overall system performance.


5.2.2. [bookmark: _Toc228532328]Ambient Light Detection
The LDR was tested under varying light conditions to evaluate its effectiveness in controlling system activation. As shown in Figure 20, the sensor output varied according to ambient light levels, enabling the system to distinguish between low-light and well-lit conditions.
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[bookmark: _Ref228486253][bookmark: _Toc228532381]Figure 20– LDR Response to Light Levels (adapted from [7], [39])
The results demonstrated that the system was able to reliably differentiate between dark and bright environments, confirming that the ADC-based sensing approach is suitable for threshold-based control.
However, fluctuations in ADC readings were observed due to noise and the inherent sensitivity of the LDR. These variations resulted in minor instability in the measured signal. The addition of a filtering capacitor improved signal stability, which is consistent with standard analogue design practices used to reduce noise in sensor circuits [7], [10].
This highlights the importance of combining both hardware filtering and software-based control to ensure stable and reliable sensor input in embedded systems.
5.2.3. [bookmark: _Toc228532329]LED Activation and Timing
The LED was tested to confirm correct activation and deactivation behaviour. When motion was detected in low-light conditions, the LED turned on and remained active for a predefined time period before turning off automatically.
Minor timing variations were observed due to software execution delays. These variations are typical in microcontroller-based systems where timing depends on instruction cycles and system clock configuration [2], [11]. Despite this, the timing performance was sufficiently accurate for the intended application.
5.3. [bookmark: _Toc228532330]PWM Performance Evaluation
PWM was evaluated to determine its effectiveness in controlling LED brightness.
The results showed that varying the duty cycle of the PWM signal successfully controlled the brightness of the LED. This confirms the effectiveness of PWM as a control method, as widely supported in power electronics literature [8], [12].
The use of hardware PWM provided stable output and reduced processing overhead compared to software-based methods. This improved efficiency and ensured consistent brightness levels, even during continuous operation.
5.4. [bookmark: _Toc228532331]Simulation vs Hardware Comparison
The system was evaluated in both Proteus simulation and hardware implementation.
Simulation Results:
· Accurate sensor behaviour 
· Stable PWM output 
· No electrical noise 
Hardware Results:
· Successful system operation 
· Minor noise in sensor readings 
· Occasional instability in input signals 
The differences between simulation and hardware highlight the limitations of simulation environments, which do not fully account for real-world effects such as electrical noise, component tolerances, and wiring variations [11]. This demonstrates the importance of physical testing in validating embedded system designs.
A significant difference between simulation and hardware was observed in the input stage behaviour. The Proteus simulation assumed ideal wiring and correct component connections, resulting in stable operation. In contrast, the hardware implementation exhibited a supply voltage collapse when the input was triggered, indicating a fault condition not present in the simulation. This highlights a key limitation of simulation tools, which do not account for real-world wiring errors or unintended circuit paths.
5.4.1. [bookmark: _Toc228532332]Hardware Fault Diagnosis and Component Verification
A key finding during evaluation was the discrepancy between simulation and hardware performance. The Proteus simulation produced correct results; however, the physical implementation initially failed due to incorrect component selection in the LED driver stage. Simulation environments assume correct component usage and do not account for real-world errors such as device misidentification [24].
The fault was identified using a structured diagnostic approach. The system inputs were tested independently, the RC2 PWM signal was disconnected, and the LED output behaviour was observed. Since the LED remained active without a control signal, the fault was isolated to the switching device. This approach reflects standard engineering debugging techniques involving systematic isolation and verification of subsystems [23].
Replacement of the 2N3819 with an IRLZ44N MOSFET restored correct operation, demonstrating the importance of verifying component specifications against datasheets and intended functionality [15], [22].
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[bookmark: _Toc228532382]Figure 21 – Hardware Fault Diagnosis Process
5.5. [bookmark: _Toc228532333]Comparison with Literature
The results obtained from this project are consistent with findings from existing research. Motion-based lighting systems have been shown to improve energy efficiency by reducing unnecessary operation [4], which is reflected in the system’s behaviour see figure.
PWM-based LED control has been widely recognised as an efficient method for brightness control [8], [12], and this was confirmed through testing. Similarly, the limitations observed with LDR-based sensing align with literature, which identifies issues with noise and accuracy [7].
5.6. [bookmark: _Toc228532334]Evaluation Against Objectives
The system was evaluated see Table 1 – Objective outcomes against the objectives defined in CHAPTER 1 – INTRODUCTION.
[bookmark: _Ref228487147][bookmark: _Toc228532383]Table 1 – Objective outcomes
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The majority of objectives were successfully met, with partial completion of the hardware prototype due to time and component availability constraints.
5.7. [bookmark: _Toc228532335]Limitations of the System and Potential Improvements
The results demonstrated that the system was able to reliably differentiate between dark and bright environments, confirming that the ADC-based sensing approach is suitable for threshold-based control.
However, fluctuations in ADC readings were observed due to noise and the inherent sensitivity of the LDR. These variations resulted in minor instability in the measured signal. The addition of a filtering capacitor improved signal stability, which is consistent with standard analogue design practices used to reduce noise in sensor circuits [7], [10]. 
This highlights the importance of combining both hardware filtering and software-based control to ensure stable and reliable Risk Management Evaluation
Several risks were identified during system development, including incorrect component selection, unstable power supply conditions, sensor noise, and wiring complexity. These risks affected both system functionality and reliability. A structured approach was used to identify, evaluate, and mitigate these issues throughout the development process [26], [31].
For example, the incorrect use of a JFET in the LED driver stage created a functional failure. This risk was mitigated by verifying the component type and replacing it with a suitable MOSFET. Similarly, excessive input voltage to the regulator was identified as a potential thermal risk and addressed by recommending appropriate supply conditions. These actions demonstrate the importance of risk awareness in engineering design and implementation [26].
5.7.1. [bookmark: _Toc228532336]Ethical, Legal and Safety Considerations
The system is intended for use as a children’s night light, which introduces important safety considerations. The prototype operates at low voltage; however, the exposed breadboard design is not suitable for direct use in a real environment without additional protection. Ensuring safe operation and avoiding potential hazards is an essential aspect of engineering practice [28], [30].
Relevant safety considerations include electrical safety, component heating, and secure enclosure design. Regulations relating to electrical equipment safety and hazardous substances must also be considered for real-world applications [34], [35], [36]. While the current system is a prototype, awareness of these requirements is important for future development.
5.7.2. [bookmark: _Toc228532337]Equality, Diversity and Inclusion Considerations
The design of a children’s night light requires consideration of different user needs. Users may have varying sensitivity to light levels, requiring adjustable brightness to maintain comfort. The implementation of PWM allows the system to provide variable illumination, supporting a wider range of user preferences [8], [37].
Future improvements could include additional user controls or adaptive settings to better accommodate different requirements. Consideration of accessibility and usability is an important aspect of engineering design, particularly in products intended for domestic use [33].
5.8. [bookmark: _Toc228532338]Summary
This chapter has evaluated the performance of the smart night light system. The system successfully meets its core functional requirements and demonstrates effective integration of sensor inputs and control logic.
The evaluation highlights both the strengths and limitations of the system, providing a balanced assessment of its performance. While the system operates reliably under most conditions, real-world testing revealed practical challenges that were not evident during simulation.
Overall, the results align with findings from the literature and confirm the suitability of the design approach. The identified limitations provide valuable insight for future improvements, which are discussed in the next chapter.


6. [bookmark: _Toc228532339]CHAPTER 6 – CONCLUSIONS AND RECOMMENDATIONS
6.1. [bookmark: _Toc228532340]Introduction
This chapter presents the overall conclusions of the project and provides recommendations for future improvements. It summarises the key findings from the design, implementation, and evaluation of the smart children’s night light system.
6.2. [bookmark: _Toc228532341]Summary of Work
This project aimed to design and implement a smart children’s night light system using a PIC microcontroller that responds to motion and ambient light conditions.
The system was successfully developed using a combination of hardware and software components, including a PIR sensor for motion detection, an LDR for ambient light sensing, and PWM for LED brightness control. The system was initially designed and tested using Proteus simulation before progressing to a partial hardware implementation.
The design process involved selecting appropriate components, developing control algorithms, and implementing a working prototype capable of responding dynamically to environmental inputs. The project also demonstrated the importance of integrating both hardware and software design considerations to achieve a fully functional embedded system.
6.3. [bookmark: _Toc228532342]Achievement of Aim and Objectives
The overall aim of the project was partially achieved. The system design successfully demonstrates the intended concept of intelligent lighting control based on motion detection and ambient light sensing. However, limitations encountered during hardware implementation prevented full real-world validation of system performance.
The objectives defined in CHAPTER 1 – INTRODUCTION were addressed as follows:
· Motion detection using a PIR sensor was implemented and verified during simulation, although hardware testing revealed instability within the input stage 
· Ambient light sensing using an LDR was successfully achieved, with the system able to distinguish between low and high light conditions 
· PWM-based LED brightness control was implemented effectively and validated through simulation and subsystem testing 
· The system was successfully simulated using Proteus, demonstrating correct logical operation under controlled conditions 
· A hardware prototype was developed; however, full system integration was not fully achieved due to identified faults during testing 
· System performance was evaluated through both simulation and partial hardware testing, allowing key behaviours and limitations to be identified 
While the complete system did not operate as intended in hardware, individual subsystems such as the LED driver and PWM control were successfully validated. The project therefore demonstrates the feasibility of the proposed design at a conceptual and subsystem level, while highlighting the challenges associated with practical implementation.
6.4. [bookmark: _Toc228532343]Key Findings
The project produced several important findings:
· The combination of PIR sensing and LDR input provides an effective method for intelligent lighting control 
· PWM is an efficient and reliable method for controlling LED brightness 
· Simulation tools such as Proteus are valuable for initial system validation but do not fully replicate real-world conditions 
· Hardware implementation introduces additional challenges such as noise, signal instability, and component limitations 
These findings align with existing literature on embedded lighting systems and sensor-based control [4], [8]. An important observation is the difference between simulated and real-world performance, reinforcing the need for physical validation in embedded system design.


6.5. [bookmark: _Toc228532344]Limitations of the Project
Several limitations were identified during the project:
· The LDR sensor is susceptible to noise and provides limited accuracy 
· The PIR sensor may produce false triggers under certain conditions 
· The breadboard prototype is not suitable for long-term use 
· The system lacks a physical enclosure for practical deployment 
· Hardware availability constraints required substitution of the microcontroller 
These limitations highlight the challenges associated with developing prototype embedded systems and provide opportunities for improvement.
6.6. [bookmark: _Toc228532345]Recommendations for Future Work
Based on the results obtained and the limitations identified during testing, several improvements are recommended to enhance the system performance and reliability.
· Improved input stage stability
The hardware testing identified instability within the input stage, particularly when interfacing the PIR sensor. Future work should focus on redesigning this stage using proper signal conditioning, including pull-up or pull-down resistor optimisation and input filtering to prevent voltage drops and unreliable triggering. 
· Enhanced ambient light sensing
Although the LDR provided a low-cost solution, its sensitivity to noise and non-linear behaviour affected measurement stability. Replacing the LDR with a digital light sensor would improve accuracy and provide more consistent readings. 
· Improved motion detection reliability
The PIR sensor exhibited occasional instability, which could be addressed through software filtering techniques such as debounce logic or minimum signal duration checks. Alternatively, a higher-quality sensor module could be used to improve detection accuracy. 
· PCB implementation
The use of a breadboard introduced loose connections and signal instability. Transferring the design to a printed circuit board would significantly improve reliability, reduce noise, and provide a more robust implementation. 
· Power supply refinement
Issues observed during testing highlighted the importance of stable voltage regulation. Future designs should include improved decoupling, regulated supply verification, and potentially over-voltage protection to ensure consistent operation. 
· System integration and testing
While individual subsystems were validated, full system integration was not completely achieved. Future work should focus on staged integration and systematic testing to ensure all components operate reliably together. 
· System expansion
Additional features such as wireless communication or user-adjustable settings could be incorporated to enhance functionality and usability, making the system more suitable for real-world smart home applications.
6.6.1. [bookmark: _Toc228532346]Commercial, Project Management and Legal Recommendations
If developed further, the system would require consideration of manufacturing, cost, and regulatory compliance. The use of low-cost components such as the PIC16F877 and simple sensors supports affordability, but a commercial product would require improved reliability and enclosure design [23].
From a project perspective, the development process highlighted the importance of planning for component availability and testing time. Issues such as microcontroller substitution and incorrect component selection demonstrate the need for contingency planning and effective project management [25], [29].
Compliance with relevant regulations, including electrical safety and environmental requirements, would also be necessary for real-world deployment [34], [35], [36].
6.7. [bookmark: _Toc228532347]Final Conclusion
The project demonstrates the design and development of a smart children’s night light system using a PIC microcontroller. The proposed system successfully integrates motion detection, ambient light sensing, and PWM-based LED control at a conceptual and simulation level.
While the system design achieved the intended functionality in simulation and through partial subsystem testing, full hardware implementation was limited by issues encountered during input stage integration. Despite this, key elements of the system, including PWM control and the LED driver circuit, were successfully validated.
The project highlights the effectiveness of combining sensor inputs with microcontroller-based control to achieve adaptive lighting behaviour. It also demonstrates the importance of practical considerations such as signal stability, power regulation, and component selection in embedded system design.
Overall, the work provides a solid foundation for further development. With refinement of the hardware implementation and improved system integration, the proposed design has the potential to operate as a reliable and efficient smart lighting solution.


7. [bookmark: _Toc228532348]CHAPTER 7 – REFLECTION
7.1. [bookmark: _Toc228532349]Introduction
This chapter reflects on the development of the project, including the knowledge and skills gained throughout the process. It considers both technical and non-technical aspects, with particular focus on challenges encountered during hardware implementation and the problem-solving approaches used to address them. Reflection is important in engineering projects as it allows evaluation of not only the final outcome, but also the design decisions, testing methods, and learning gained throughout development.
This project involved both simulation and practical hardware implementation, providing valuable insight into the differences between theoretical design and real-world performance. While the system was successfully developed at a conceptual level, issues encountered during hardware testing significantly influenced the overall learning experience.
7.2. [bookmark: _Toc228532350]Technical Learning
This project significantly improved my understanding of embedded systems and microcontroller-based design. I developed practical experience in configuring PIC microcontroller inputs and outputs, using analogue-to-digital conversion, and implementing pulse width modulation (PWM) for LED control.
A key area of learning came from the difference between simulation and hardware behaviour. While the system operated as expected in Proteus, the transition to physical implementation introduced issues such as unstable signals, voltage drops, and inconsistent input behaviour. This highlighted that theoretical designs often assume ideal conditions, whereas real systems are affected by noise, wiring quality, and component limitations.
The interaction between system components was also an important learning point. For example, the instability observed when interfacing the PIR sensor demonstrated that input signals cannot always be assumed to be reliable without proper conditioning. This reinforced the need for both hardware and software solutions, such as filtering and stable biasing, to ensure correct system operation.
Overall, the project improved my understanding of how embedded systems behave in practice, rather than purely in simulation.
7.3. [bookmark: _Toc228532351]Problem Solving and Challenges
A significant portion of the project involved troubleshooting hardware issues. The most critical challenge was that the system did not operate as expected during full hardware testing, despite working in simulation.
Initial debugging involved verifying the power supply, microcontroller operation, and output stage. Through systematic testing, it was confirmed that the LED driver circuit and MOSFET stage were functioning correctly when driven directly. This helped isolate the fault to the input stage, where unstable voltage behaviour was observed when the PIR sensor was connected.
This process reinforced the importance of structured fault diagnosis. Instead of making multiple changes at once, each subsystem was tested independently, allowing the fault to be narrowed down logically. This approach improved my ability to analyse system behaviour and identify root causes rather than symptoms.
7.3.1. [bookmark: _Toc228532352]Reflection on Component Identification and Datasheet Use
Another important lesson was the correct identification and selection of components. The initial use of a 2N3819 device, which is a JFET, highlighted a misunderstanding of its suitability for switching applications. This contributed to early issues with LED control [21], [22].
This experience demonstrated the importance of consulting datasheets and understanding device characteristics before implementation. Components that appear similar can behave very differently depending on their operating principles. In future work, I would prioritise verifying component functionality and ensuring compatibility with the intended application at an earlier stage [20].


7.4. [bookmark: _Toc228532353]Time Management and Project Planning
Time management was an important factor throughout the project. While the initial plan allocated time for design, simulation, and implementation, the amount of time required for debugging hardware issues was underestimated.
A large portion of time was spent resolving practical issues during the later stages of the project. This reduced the time available for refining the final hardware implementation. In hindsight, more time should have been allocated specifically for testing and fault diagnosis, as this stage proved to be the most unpredictable.
Despite this, the iterative approach used allowed steady progress to be made. The experience has improved my understanding of how to plan engineering projects more realistically, particularly by including contingency time for troubleshooting and validation.
7.5. [bookmark: _Toc228532354]Skills Development
The project contributed to the development of several key skills:
· Technical skills: Microcontroller programming, circuit design, and simulation 
· Analytical skills: Fault diagnosis and system evaluation 
· Practical skills: Breadboard construction and hardware debugging 
· Problem-solving skills: Identifying and isolating system faults 
· Communication skills: Presenting technical findings clearly 
A key development was the ability to systematically troubleshoot hardware issues. The process of isolating faults and verifying subsystem operation improved both my analytical thinking and confidence in dealing with real-world engineering problems.
7.6. [bookmark: _Toc228532355]Reflection on Project Outcomes
The project successfully demonstrated the intended system design at a conceptual and simulation level. However, full hardware functionality was not achieved due to issues encountered during input stage integration.
Despite this limitation, important parts of the system, such as PWM control and the LED driver stage, were successfully tested and validated. This indicates that the overall design approach was sound, even though integration challenges prevented complete system operation.
This experience highlighted that successful engineering is not only about achieving a fully working final product, but also about understanding system behaviour, identifying faults, and learning from implementation challenges. The project therefore provided valuable insight into both design and practical limitations.
7.7. [bookmark: _Toc228532356]Future Personal Development
The project identified several areas for further development:
· Improving hardware design and PCB implementation skills 
· Gaining deeper understanding of signal stability and power integrity 
· Developing more advanced debugging techniques 
· Strengthening ability to interpret and apply datasheet information 
In future projects, I would aim to improve the robustness of hardware design and ensure more thorough testing at each stage of development. I would also focus on improving my ability to anticipate potential issues earlier in the design process.
7.7.1. [bookmark: _Toc228532357]Continuing Professional Development
This project highlighted the importance of continuous learning in engineering. The challenges encountered during hardware testing demonstrated that theoretical knowledge must be supported by practical experience.
Future development will involve further study in areas such as embedded systems design, power electronics, and PCB layout. Developing these skills will support more reliable and efficient system design in future work [32].


7.8. [bookmark: _Toc228532358]Summary
This project provided valuable experience in both technical and practical aspects of engineering. While the system was not fully operational in hardware, the design, simulation, and partial implementation stages demonstrated the feasibility of the proposed solution.
The challenges encountered during hardware testing were a significant part of the learning process, improving my ability to troubleshoot, analyse system behaviour, and adapt designs based on real-world conditions.
Overall, the project has strengthened my understanding of embedded systems and provided a solid foundation for future development, particularly in bridging the gap between theoretical design and practical implementation.
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//==============================================================
// Night Light (PIC16F877) - CCS C
// PIR: RB0 (use LOGICSTATE in Proteus) + add 10k pulldown to GND
// LDR divider: AN0 (RA0)
// PWM LED: CCP1 on RC2 -> MOSFET gate
// 20 MHz crystal
//==============================================================

#include <16F877.h>

#fuses HS, NOWDT, NOLVP, NOPROTECT, PUT, BROWNOUT
#use delay(clock=20000000)

// ---------------- Pins ----------------
#define PIR_PIN      PIN_B0     // LOGICSTATE -> RB0 (with 10k pulldown to GND)
#define LDR_CH       0          // AN0
// PWM is CCP1 on RC2 (pin 17)

// ---------------- Tunables ----------------
#define ON_TIME_MS      15000L   // 15 seconds
#define BOOST_MS        1000L    // 1 second boost on retrigger
#define ADC_SAMPLES     8

// Hysteresis thresholds (tune in Proteus)
#define DARK_TH         350      // <= is dark
#define BRIGHT_TH       650      // >= is bright

// PWM range (0..1023)
#define PWM_MAX         900
#define PWM_MIN         0

// ---------------- Globals ----------------
volatile int32 ms_ticks = 0;
volatile int32 on_timer_ms = 0;
volatile int32 boost_timer_ms = 0;

int1 dark_mode = 0;
int1 pir_last = 0;

//==============================================================
// Timer0 interrupt: 1ms tick
//==============================================================
#INT_TIMER0
void timer0_isr(void)
{
   // Reload for 1ms:
   // T0 uses instruction clock = Fosc/4 = 5MHz
   // Prescaler 1:32 => tick = 6.4us
   // 1ms / 6.4us = 156.25 counts
   // preload = 256 - 156 = 100
   set_timer0(100);

   ms_ticks++;

   if(on_timer_ms > 0)
      on_timer_ms--;

   if(boost_timer_ms > 0)
      boost_timer_ms--;
}

//==============================================================
// ADC average
//==============================================================
unsigned int16 read_ldr_adc(void)
{
   unsigned int32 sum = 0;
   int i;

   set_adc_channel(LDR_CH);
   delay_us(20);

   for(i = 0; i < ADC_SAMPLES; i++)
   {
      sum += read_adc();
      delay_us(50);
   }

   return (unsigned int16)(sum / ADC_SAMPLES);
}

//==============================================================
// Map ambient to PWM (assumes smaller ADC = darker)
// If yours is reversed, swap the two return lines in the ifs.
//==============================================================
unsigned int16 ambient_to_pwm(unsigned int16 adc)
{
   unsigned int16 range_adc, x;
   unsigned int32 tmp;

   if(adc <= DARK_TH)
      return PWM_MAX;

   if(adc >= BRIGHT_TH)
      return PWM_MIN;

   range_adc = (BRIGHT_TH - DARK_TH);
   x = adc - DARK_TH;

   tmp = (unsigned int32)x * (unsigned int32)(PWM_MAX - PWM_MIN);

   return (unsigned int16)(PWM_MAX - (tmp / range_adc));
}

//==============================================================
// Main
//==============================================================
void main(void)
{
   unsigned int16 ldr_adc;
   unsigned int16 pwm_target;
   int1 pir_now;

   // ---------- IO ----------
   // RC2 = output for CCP1/PWM
   set_tris_c(0b11111011);

   // PORTB = inputs
   set_tris_b(0xFF);

   // ---------- ADC ----------
   setup_adc_ports(AN0);
   setup_adc(ADC_CLOCK_INTERNAL);
   set_adc_channel(LDR_CH);
   delay_ms(50);

   // ---------- PWM ----------
   // ~10kHz PWM: Fpwm = 20MHz/(4*(PR2+1)*prescale)
   // PR2=124, prescale=4 => ~10kHz
   setup_timer_2(T2_DIV_BY_4, 124, 1);
   setup_ccp1(CCP_PWM);
   set_pwm1_duty(0);

   // ---------- Timer0 1ms ----------
   setup_timer_0(RTCC_INTERNAL | RTCC_DIV_32);
   set_timer0(100);
   enable_interrupts(INT_TIMER0);
   enable_interrupts(GLOBAL);

   // Read initial PIR state
   pir_last = input(PIR_PIN);

   while(TRUE)
   {
      // --- Read LDR ---
      ldr_adc = read_ldr_adc();

      // --- Dark/bright hysteresis ---
      if(!dark_mode)
      {
         if(ldr_adc <= DARK_TH)
            dark_mode = 1;
      }
      else
      {
         if(ldr_adc >= BRIGHT_TH)
            dark_mode = 0;
      }

      // --- PIR rising edge detect ---
      pir_now = input(PIR_PIN);

      if((pir_now == 1) && (pir_last == 0))
      {
         // Motion event only matters if dark
         if(dark_mode)
         {
            on_timer_ms = ON_TIME_MS;     // restart 15s timer
            boost_timer_ms = BOOST_MS;    // 1s bright boost
         }
      }

      pir_last = pir_now;

      // --- Output logic ---
      if(dark_mode && (on_timer_ms > 0))
      {
         if(boost_timer_ms > 0)
         {
            // Motion boost: brighter for a short time
            set_pwm1_duty(PWM_MAX);
         }
         else
         {
            // Normal dimming based on ambient
            pwm_target = ambient_to_pwm(ldr_adc);
            set_pwm1_duty(pwm_target);
         }
      }
      else
      {
         // Off
         set_pwm1_duty(0);
      }

      // Small loop delay
      // Timing is handled by Timer0 ISR, so this will not break 15s timing
      delay_ms(25);
   }
}


10. [bookmark: _Toc228532361] Appendix 2 – Proteus Circuit
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