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ABSTRACT 

In today's ever-evolving technological landscape, the efficient management of 

power resources is paramount to both sustainability and economic viability. This 

paper presents a comprehensive solution aimed at optimizing power consumption 

and streamlining billing processes through the integration of cutting-edge 

technologies and innovative methodologies. The proposed system centers on real-

time monitoring and control of electrical devices, facilitated by advanced sensors, 

machine learning algorithms, and seamless IoT connectivity. By harnessing the 

power of data analytics, the system dynamically adjusts power allocation based on 

fluctuating demand patterns and user preferences, ensuring optimal resource 

utilization while minimizing waste Furthermore, the integration of an intuitive billing 

system adds a layer of transparency and accountability to the process. By accurately 

tracking individual device usage, the system enables fair and precise invoicing, 

thereby promoting equitable cost distribution among users. This not only fosters a 

sense of fairness but also incentivizes energy-conscious behavior, ultimately 

contributing to a more sustainable future.  Moreover, the system offers users 

comprehensive insights into their energy consumption patterns, empowering them to 

make informed decisions and adopt more efficient practices. With a user-friendly 

interface and intuitive design, the system promotes user engagement, encouraging 

active participation in energy management efforts. This innovative solution 

represents a significant step towards achieving efficient power management and 

billing integration. By leveraging advanced technologies and fostering user 

engagement, it not only optimizes operational costs but also drives positive 

environmental impact, paving the way for a more sustainable and energy-efficient 

future. 
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CHAPTER 1 

INTRODUCTION 

1.1 OVERVIEW 

The Efficient Power Management and Integrated Billing System is a 

comprehensive solution designed to address the challenges of optimizing energy 

consumption and simplifying billing processes. At its core, the system employs 

cutting-edge technologies to create a smart and adaptive infrastructure. The 

implementation of Internet of Things (IoT) connectivity forms the backbone of the 

system, enabling seamless communication and data exchange among 

interconnected devices. This connectivity facilitates real-time monitoring and control 

of electrical devices, allowing for dynamic adjustments based on demand and user 

preferences. Advanced sensors play a pivotal role in the system by collecting real-

time data on power consumption and device usage. These sensors provide valuable 

insights into energy patterns, contributing to informed decision-making for optimizing 

power allocation. Machine learning algorithms enhance the system's capabilities by 

analyzing historical data and user behaviors, allowing it to predict and adapt to 

changing usage patterns, ultimately maximizing energy efficiency. A user-friendly 

interface is integrated into the system to enhance user engagement. This interface 

empowers users to monitor their energy usage, set preferences, and gain insights 

into their consumption patterns. By fostering transparency and accountability, the 

system encourages responsible energy practices among users. One of the 

distinguishing features of the system is its integrated billing module. This component 

tracks individual device usage, ensuring accurate and transparent billing. The 

system promotes fair distribution of costs among users, creating a financially 

equitable environment. Overall, the Efficient Power Management and Integrated 

Billing System represents a holistic approach to energy management. It not only 

optimizes power consumption through advanced technologies but also simplifies the 

billing process, making it an ideal solution for promoting sustainability and efficiency 

in both residential and commercial settings. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 SURVEY 

Efficient Power Management and Integrated Billing Systems have gained 

significant attention in recent years due to the growing demand for sustainable 

energy practices and the need for streamlined billing processes. Researchers have 

explored various technologies and methodologies to address the challenges 

associated with optimizing power consumption and improving billing accuracy. 

Studies have delved into the application of Internet of Things (IoT) in energy 

management systems, highlighting its role in enabling real-time communication and 

control of devices. The integration of sensors for monitoring power usage has been a 

focus, with research demonstrating their effectiveness in providing granular data for 

informed decision-making. Machine learning algorithms have been extensively 

researched to predict and adapt to changing energy consumption patterns. These 

studies emphasize the potential of artificial intelligence in dynamically adjusting 

power allocation based on historical data and user behaviors. User engagement and 

behavior studies have investigated the impact of user-friendly interfaces on 

promoting energy-conscious practices. Literature suggests that transparent and 

interactive interfaces empower users to monitor and control their energy usage 

effectively. Billing systems in the context of energy management have been a 

subject of research, with a focus on developing integrated solutions. Researchers 

have explored the challenges and benefits of incorporating billing modules that track 

individual device usage, ensuring fair and accurate distribution of costs. While 

existing literature provides valuable insights into individual aspects of efficient power 

management and integrated billing systems, there remains a need for 

comprehensive studies that holistically address the intersection of these 

components. Future research could focus on the scalability, security, and practical 

implementation of such systems in diverse settings. 
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     2.2 EXISTING SYSTEM 

 
1. Graeme Gooday The morals of measurement: accuracy, irony, 

and trust in late Victorian electrical practice, Cambridge 
University Press, 2020 

ADVANTAGES 

1.Historical Insight 

The book likely provides valuable historical insights into the development of 

electrical measurement practices during the late Victorian era. Understanding the 

historical context can offer a foundation for appreciating the evolution of technology 

and its societal impact. 

2.Ethical Considerations 

Exploring the "morals of measurement" suggests an examination of ethical 

considerations in the field of electrical practice. This can be advantageous in 

fostering a deeper understanding of the ethical dilemmas and decisions faced by 

practitioners during that time. 

3.Cultural and Societal Perspectives 

The book may shed light on how societal values and cultural factors 

influenced the practices and perceptions surrounding electrical measurements. This 

broader perspective can contribute to a more comprehensive understanding of 

technological advancements in their cultural context. 

DISADVANTAGES 

1.Limited Applicability 

The historical focus of the book may limit its applicability to contemporary 

electrical practices. Technological advancements and changes in societal norms 

might render some aspects of the late Victorian era less relevant to current 

discussions on measurement in the electrical field. 



4 
 

 

2.Access to Specifics 

Without access to the book's specific content, it is challenging to evaluate the 

depth and accuracy of the information provided. The reader may need additional 

sources to corroborate and verify the historical details presented in the book. 

3.Niche Audience  

The subject matter may appeal primarily to a niche audience interested in the 

history and philosophy of science and technology. This might limit its accessibility or 

relevance to a broader readership. 

2.Whyte, Adam Gowans (2018). Forty Years of Electrical Progress 

London 

ADVANTAGES 

Historical Insight  

The book likely provides valuable insights into the electrical progress made 

over a forty-year period leading up to 1930. It can offer a historical perspective on 

the development of electrical technologies, applications, and their impact on society 

during that time. 

Primary Source Material 

If the book includes primary source material or firsthand accounts, it could serve 

as a valuable resource for researchers and historians studying the history of 

electrical engineering and technology. 

Contextual Understanding 

Readers can gain a better understanding of the technological, economic, and 

societal context in which electrical advancements occurred. This contextual 

information is crucial for appreciating the challenges, innovations, and implications of 

the time. 
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DISADVANTAGES 

Outdated Information 

Given the publication date of 1930, the book may contain outdated information, 

particularly regarding technological advancements and societal changes since then. 

Readers should be cautious about relying on the book for current or accurate 

technical details. 

Limited Scope  

The book might focus on specific aspects of electrical progress or provide a 

narrow perspective based on the author's experiences or interests. This limited 

scope could restrict its applicability to a broader understanding of the field. 

Biased Perspective 

Depending on the author's background and affiliations, there is a possibility of 

bias in the presentation of events and progress. Readers should be aware of the 

author's perspective and potential influence on the narrative. 

Accessibility 

Given its age and potential limited availability, the book might be challenging 

to access, making it less accessible to a wider audience. This could limit its impact 

on contemporary discussions or research in the field. 
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3.Eugenii Katz. "Blathy". People.clarkson.edu. Archived from the 

original on June 25, 2018. 

ADVANTAGES 

Accessibility 

Online sources are generally easily accessible, providing a convenient way for 

users to obtain information without physical constraints. This accessibility allows a 

broader audience to benefit from the content. 

Archived Information 

The fact that the information is archived suggests that it has been preserved 

for a period of time. This can be advantageous for historical research or for 

referencing information that might no longer be available on the original website. 

Credibility of Author  

If Eugenii Katz is a reputable and authoritative source on the topic, the 

information presented may carry more weight. Evaluating the author's credentials 

can enhance the credibility of the content. 

DISADVANTAGES 

Outdated Information 

Archived content may become outdated over time, particularly if the original 

source is not regularly updated. Users should be cautious about relying on 

information that might have changed since the time of archiving. 

Link Reliability 

If the original link to the source is not provided or if it is broken, users may 

have difficulty verifying the information or accessing the source directly. This can 

affect the reliability of the information. 
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Limited Context 

Online sources, especially when archived, may lack context or details that 

could be crucial for a comprehensive understanding of the topic. Users should be 

aware of the potential limitations in the scope or depth of the information. 

Authenticity Concerns 

In some cases, archived content might be altered or manipulated, raising 

concerns about the authenticity of the information. It's important to cross-reference 

information with other reliable sources to verify its accuracy. 

4.The Rise of General Electric, Cambridge University Press,2017 

ADVANTAGES 

Historical Insight 

A book focusing on the rise of a significant company like General Electric can 

provide valuable historical insights into the development of the company, the 

industries it influenced, and broader economic trends. 

In-depth Analysis  

Academic books often offer in-depth analysis and research, providing readers 

with a comprehensive understanding of the subject matter. This can be particularly 

useful for students, scholars, and professionals seeking detailed information. 

Credibility 

Cambridge University Press is a reputable academic publisher, and books 

published by such institutions often go through a rigorous peer-review process. This 

can enhance the credibility and reliability of the information presented in the book. 
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DISADVANTAGES 

Narrow Focus  

Depending on the author's approach, the book may have a narrow focus on 

specific aspects of General Electric's rise, potentially excluding broader industry or 

economic contexts. Readers should be aware of the book's scope and limitations. 

Outdated Information 

If the book was published several years ago, it might not include recent 

developments in General Electric's history. It's important to consider the publication 

date and supplement the information with more recent sources if needed. 

Potential Bias 

Authors may have certain perspectives or biases that could influence their 

interpretation of historical events. Readers should critically evaluate the author's 

standpoint and consider alternative viewpoints when available. 

Accessibility 

Academic books, especially those published by prestigious presses, might be 

more geared toward a scholarly audience. This could make the content less 

accessible to general readers who are not familiar with academic writing or 

specialized terminology. 
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5. ZUOLIN DONG, JIAHONG WEI, XIAOYU CHEN, AND PENGFEI 

ZHENG, “Face Detection in Security Monitoring Based on Artificial 

Intelligence Video Retrieval Technology”, IEEE, April 15,2020 

ADVANTAGES 

Accuracy  

AI-based face detection systems tend to have high accuracy rates, ensuring 

reliable identification of individuals in security footage. 

Efficiency 

These systems can process large volumes of video data quickly, enabling 

real-time monitoring and response to potential security threats. 

Automation 

Once set up, AI-based systems can operate autonomously, reducing the need 

for human intervention and potentially lowering operational costs. 

Scalability 

Such systems can be easily scaled to accommodate additional cameras or 

monitoring points without significant infrastructure changes. 

Continuous Improvement 

Through machine learning algorithms, these systems can continuously 

improve their accuracy and performance over time as they learn from new data. 
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DISADVANTAGES 

Privacy Concerns 

Face detection technology raises concerns about privacy, as it involves the 

collection and analysis of individuals' facial features without their explicit consent. 

Bias and Discrimination 

AI algorithms may exhibit bias or discrimination, leading to inaccurate or unfair 

identification, particularly against certain demographic groups. 

Security Risks  

AI-based systems may be vulnerable to hacking or manipulation, posing risks 

to the security and integrity of the data they process. 

Resource Intensive 

Implementing and maintaining AI-based face detection systems requires 

significant resources, including computing power, storage, and skilled personnel. 

Legal and Ethical Challenges 

The use of facial recognition technology in security monitoring may raise legal 

and ethical concerns regarding surveillance, consent, and potential misuse of data. 

Overall, while face detection in security monitoring based on artificial intelligence 

video retrieval technology offers several advantages in terms of accuracy, efficiency, 

and scalability, it also presents challenges related to privacy, bias, security, resource 

requirements, and legal and ethical considerations. 
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6. K.Akintoye A, O Onuodu F. E , An Improved Model for Imperfect 

Facial Recognition using Python-Open CV”, IJERT,Nov 2019. 

ADVANTAGES 

Increased Accuracy 

The improved model likely offers higher accuracy in facial recognition compared 

to previous models, potentially reducing false positives and negatives. 

Robustness to Imperfections 

 The model is designed to handle imperfect conditions such as varying lighting, 

facial expressions, occlusions, and other factors that might affect traditional facial 

recognition systems. 

Flexibility 

Python-OpenCV provides a flexible and widely-used platform for computer vision 

tasks, allowing for easy integration with existing systems and workflows. 

Open Source 

OpenCV is an open-source library, meaning the improved model and its 

implementation are likely accessible to a wide range of developers and researchers, 

fostering collaboration and innovation. 

Customization 

Developers can customize and fine-tune the model to suit specific application 

requirements or address particular challenges, enhancing its effectiveness in real-

world scenarios. 
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DISADVANTAGES 

Complexity 

Implementing and fine-tuning a facial recognition model using Python-OpenCV 

can be complex, requiring expertise in computer vision, machine learning, and 

software development. 

Resource Intensive  

Facial recognition models, especially those designed to handle imperfect 

conditions, may require significant computational resources in terms of processing 

power and memory, limiting their applicability in resource-constrained environments. 

Data Privacy  

Facial recognition technology raises concerns about data privacy and security, as 

it involves the collection and processing of individuals' biometric information, which 

may be subject to regulations and ethical considerations. 

Bias and Fairness 

Like any facial recognition system, the improved model may exhibit biases or 

inaccuracies, particularly with respect to certain demographic groups, potentially 

leading to unfair treatment or discrimination. 

Dependence on Training Data 

The effectiveness of the model may depend heavily on the quality and 

diversity of the training data used to train it, raising challenges in ensuring 

representativeness and avoiding overfitting or biases. 
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7. Student Attendance System with Face Recognition using 

Machine Learning Priyanka Chilap1, Nikita Chaskar2, 

Vaishnavi Amup3 

ADVANTAGES 

1. Accuracy 

 Face recognition systems can accurately identify students, reducing the 

likelihood of attendance errors compared to manual methods or traditional ID 

card systems. 

2. Efficiency 

 Automated face recognition can save time for both students and instructors, 

eliminating the need for manual attendance-taking processes. 

3. Convenience 

Students don't need to carry physical ID cards or remember passwords; their 

attendance can be recorded simply by being present and visible to the system. 

4. Security  

Face recognition adds an additional layer of security to the attendance 

system, reducing the chances of proxy attendance or fraudulent activities. 

5. Real-time Monitoring  

Instructors or administrators can monitor attendance in real-time, allowing for 

prompt intervention in case of irregularities or issues. 
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DISADVANTAGES 

1. Privacy Concerns 

  Collecting and storing students' biometric data (facial images) raises privacy 

concerns, especially if the data is not adequately protected or if students are not 

properly informed or consented. 

2. Bias and Fairness 

Face recognition systems may exhibit biases, leading to inaccuracies or unfair 

treatment, particularly against certain demographic groups or individuals with 

distinct facial features. 

3. Technical Challenges 

Implementing a reliable face recognition system requires expertise in machine 

learning, computer vision, and software development, which can be challenging 

and resource-intensive. 

4. Cost 

  The initial setup and deployment of a face recognition system can be costly, 

requiring investments in hardware, software, and personnel training. 
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CHAPTER 3 

REQUIREMENTS ANALYSIS 

3.1 OBJECTIVE OF THE PROJECT 

      The objective of this project is to develop an efficient power management and 

integrated billing system that will improve the overall performance and cost-

effectiveness of power usage for both individuals and businesses. This system will 

provide users with tools and resources to monitor and control their energy 

consumption, as well as streamline the billing process for utility companies. The key 

objectives of this project are as follows 

1. Enhance Energy Efficiency 

     The primary objective of this project is to improve energy efficiency by providing 

users with real-time data on their energy consumption. This will enable them to 

identify areas of high energy usage and make necessary adjustments to reduce their 

overall energy consumption. 

2. Reduce Energy Costs 

      By improving energy efficiency, this system aims to reduce energy costs for both 

individuals and businesses. It will provide users with insights into their energy usage 

patterns and suggest ways to reduce energy consumption, resulting in lower utility 

bills. 

3. Optimize Power Distribution 

      Efficient power management is crucial for ensuring a stable and reliable power 

supply. This system will help utility companies to optimize power distribution by 

identifying areas of high energy demand and adjusting power supply accordingly. 

4. Integrate Billing Process 

    The current billing process for utility companies is often complex and time-

consuming. This system aims to simplify and streamline the billing process by 

integrating all energy usage data and generating accurate and timely bills for users. 
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5. Encourage Sustainable Practices 

      By promoting energy efficiency and reducing energy costs, this system will 

encourage users to adopt more sustainable energy practices. It will also provide 

incentives for users who consistently reduce their energy consumption. 

6. Improve User Experience 

     The system will provide a user-friendly interface for users to easily access and 

understand their energy usage data. It will also allow them to set energy usage goals 

and track their progress, making the experience more interactive and engaging. 

7. Enhance Data Management 

       Efficient data management is essential for the success of this project. The 

system will have robust data management capabilities, including data collection, 

storage, and analysis, to provide accurate and reliable insights into energy usage 

patterns. 

    Overall, the objective of this project is to create a comprehensive and user-friendly 

power management and integrated billing system that will benefit both individuals 

and businesses, while also promoting sustainable energy practices. 
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3.2 REQUIREMENTS ANALYSIS 

3.2.1 HARDWARE REQUIREMENT 

      The hardware requirements for an Efficient Power Management and Integrated 

Billing System will depend on the specific features and functionalities you plan to 

incorporate into the system. Below are general hardware considerations for such a 

system: 

1.8051series microcontroller 

                  The 8051 series microcontroller is a popular choice for efficient power 

management and integrated systems in various applications. One example of its 

usage is in smart home automation systems. The 8051 microcontroller can be used 

to control and manage the power consumption of various devices in the home, such 

as lights, appliances, and heating/cooling systems. 

 

 

Fig.18051 series microcontroller 
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2.voltage Regulator 

 A voltage regulator is an electronic device used to maintain a stable and 

consistent voltage output from a power source. It is commonly used in various 

electronic devices and systems to efficiently manage power and ensure their proper 

functioning. 

 

    Fig.2 voltage Regulator 

3.Diodes 

            Diodes are essential components used in power management and integrated 

systems to ensure efficient energy flow and system operation. They are 

semiconductor devices that allow current to flow in one direction while blocking it in 

the opposite direction. 

 

 

Fig.3 Diodes 
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4.LED 

LEDs are also used in integrated systems for various purposes. LEDs are 

also used in electronic devices such as smartphones, laptops, and TVs for 

backlighting. LEDs are versatile and efficient in power management and integrated 

systems. Whether it is for lighting, indicators, traffic signals, or electronic devices, the 

use of LEDs contributes to reduced energy consumption and cost. 

           

     Fig.4 LED      

5.Transistor 

 In integrated systems, transistors play a crucial role in controlling the flow of 

data and signals between different components, improving overall system 

performance. It used in an efficient way to produce current electricity. 

 

     Fig.5 Transistor 
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6.Bulb 

  The lamp is equipped with energy-saving LED bulbs for efficient power 

management, reducing electricity usage and costs. Its integrated system allows for 

easy dimming and scheduling of lighting, optimizing energy usage and reducing 

wasted electricity. The lamp's motion sensor feature automatically turns off the lights 

when no one is present, further conserving energy. 

 

Fig.6 Bulb 

7.Push Button 

 A push button can be used for efficient power management by allowing users 

to easily turn off or put devices into sleep mode when not in use, reducing energy 

consumption. The push button can also be integrated into a system to automatically 

shut down or put devices on standby mode after a certain period of inactivity, further 

optimizing power usage. This feature is particularly useful in large-scale systems, 

such as office buildings or smart homes, where multiple devices are connected and 

can be controlled with a single push of a button. 

 

Fig.7 Push Button 
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8.IR LED’s 

 In Efficient Power Management and Integrated Billing Systems, IR LEDs are 

employed to enable seamless communication between smart devices and sensors. 

These IR LEDs facilitate data transmission, allowing for real-time monitoring of 

power consumption and enabling accurate billing. By using IR technology, the 

system ensures secure and reliable communication, contributing to efficient energy 

management and transparent billing processes. 

 

Fig.8 IR LED’s 

9.IR Receivers (Infrared sensor) 

             IR receivers are employed to capture signals from remote controls, 

facilitating user-friendly interaction with devices. These receivers enable seamless 

control of power-consuming appliances and contribute to energy efficiency by 

allowing users to remotely manage device operations. Additionally, IR receivers play 

a crucial role in tracking usage patterns, aiding in precise billing calculations based 

on individual device consumption. This technology enhances both user convenience 

and the accuracy of billing information in integrated systems. 

 

Fig.9 IR Receivers 
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3.2.2 SOFTWARE REQUIREMENTS 

PROCESSOR  

Intel Core i5 or a better processor. 

 

Fig.10 

OPERATING SYSTEM   

Windows 8, Windows 10, MAC OS, Linux, CMD, (which stands for Command 

Prompt), A text editor or IDE (Integrated Development Environment) to write and 

execute the code. 

 

Fig.11 

MEMORY    8 GB RAM or higher 

HARD DISK SPACE  Minimum 30 GB or higher 

PROGRAMMING LANGUAGE C++ (or “C-plus-plus”) 

COMPILER   Dev-C++, Codeblock       Fig.12 
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3.2.3 FLOW CHART 

 

Fig.13.1 Flowchart [Billing OR Payment Part] 
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Fig.14 ONE UNIT OF ELECTRICITY COST IN TAMILNADU 
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                                CALCULATION PART 
 

DOMESTIC ELECTRICITY BILL CALCULATION 
 
 
Input : Total.no.of units [n=150] 

 

Rate : First 100 units : ₹4.80 perunit 

  Next 100 units : ₹5.80 perunit 

  Above 200  : ₹6.50 perunit 

 

CALCULATION 
 
 
Total bill = (100*₹4.80) + (50*₹5.80) 

 

  = ₹480 + ₹290 

 

 

 

  COMMERCIAL ELECTRICITY BILL CALCULATION 

 

  Input  : Total no.of units (X=3) 

 

  Usage : P1 = 144units 

    P2 = 68units 

    P3 = 102units 

 

    Fixed Rate = ₹6.70  

 

Total Bill = (units used by person 1  * Rate per unit) + (units used by person     

2  * Rate per unit) + (units used by person 3  * Rate per unit)  

 

Total Bill = (144*₹6.70) + (68*₹6.70) + (102*₹6.70)s 

 

Total Bill = ₹964.80 + ₹455.60 + ₹683.40 

 

Total Bill = ₹2103 Total Bill    =    ₹2103.80 

Total Bill     =    ₹870 
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CHAPTER 4 

DESIGN DESCRIPTION OF PROPOSED PROJECT 

4.1 PROPOSED METHODOLOGY 

Developing an efficient power management and integrated billing system involves 

combining technologies for monitoring, control, and billing to optimize energy 

consumption. Below is a proposed methodology that can guide the development of 

such a system: 

1. System Requirements and Analysis 

    Define the scope and objectives of the power management and billing system. 

Identify key stakeholders, including consumers, utility providers, and system 

administrators. 

2.Smart Metering Infrastructure 

 Implement smart meters for real-time monitoring of energy consumption at 

the consumer level. Integrate advanced sensors and communication technologies to 

collect and transmit data securely. 

3.Data Collection and Analysis  

Set up a central data repository for storing and processing the collected 

energy consumption data. Utilize data analytics tools to analyze patterns, peak 

usage times, and potential areas for improvement. 

4. Remote Monitoring and Control 

    Develop a user-friendly interface for consumers to monitor and control their 

energy usage remotely. Enable real-time alerts for abnormal energy consumption 

patterns or system failures. 

5.Energy Efficiency Recommendations 

  Provide consumers with personalized recommendations for improving energy 

efficiency based on their usage patterns integrate tips, notifications, and incentives to 

encourage energy conservation practices. 
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6. Integrated Billing System 

    Implement a transparent and automated billing system that accurately reflects 

energy consumption. Integrate the billing system with the smart metering 

infrastructure to eliminate manual readings and errors. 

7. Security and Privacy 

    Implement robust security measures to protect the integrity and confidentiality of 

the collected data. Ensure compliance with data privacy regulations and establish 

clear policies for data access and sharing. 

8. Scalability and Interoperability 

    Design the system with scalability in mind to accommodate future growth in the 

number of users and devices. Ensure interoperability with existing and emerging 

technologies in the energy sector. 

9. Testing and Validation 

    Conduct thorough testing of the system components, including simulated load 

testing, security audits, and user acceptance testing. Validate the system in a 

controlled environment before deploying it to a larger user base. 

10. Deployment and Training 

     Roll out the system gradually, starting with a pilot phase to identify and address 

any issues. Provide training to end-users, administrators, and support staff to ensure 

effective use and maintenance of the system. 

11. Continuous Improvement 

     Establish a framework for continuous monitoring, feedback, and improvement 

based on user experiences and evolving technologies. Incorporate user feedback 

and technological advancements to enhance the system over time. 
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4.1.1 Ideation Map/System Architecture 

 

 Fig.11 Circuit Diagram  
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GENERAL LOGIN MENU [Flow Chart] 

 

ADMIN LOGIN MENU [Flow Chart] 
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4.1.2 VARIOUS STAGES 

Efficient power management and integrated billing systems are essential 

components in today's dynamic energy landscape. Implementing a robust system 

involves several stages to ensure optimal energy usage, cost efficiency, and 

accurate billing. Here are various stages for developing an efficient power 

management and integrated billing system 

1. System Analysis and Planning 

Identify energy requirements and usage patterns. Assess the existing 

infrastructure and energy sources. Define goals and objectives for power 

management and billing. 

2. Metering and Data Collection 

Install smart meters and sensors to measure energy consumption in real-time. 

Implement advanced metering infrastructure (AMI) for accurate data collection. 

Integrate data from various sources, such as IoT devices and building management 

systems. 

3. Data Aggregation and Processing 

Aggregate and process data collected from meters and sensors. Utilize data 

analytics to identify patterns, trends, and anomalies. Implement algorithms for load 

forecasting and demand response. 

4. Communication Infrastructure 

Establish a robust communication network for seamless data transfer. 

Implement protocols such as MQTT or CoAP for efficient communication between 

devices.  Ensure secure and reliable data transmission. 

5. Energy Storage and Backup Systems 

  Integrate energy storage solutions for load balancing and peak demand 

management. Implement backup systems to ensure continuity in case of power 

outages. 
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6. Automation and Control Systems 

Implement automation systems for optimal control of energy-consuming 

devices. Utilize smart grid technologies for real-time control and monitoring. Integrate 

with building automation systems to optimize energy usage. 

7. Demand Response Management 

Develop strategies for demand response to reduce peak loads during high-

demand periods. Implement pricing schemes to incentivize users to shift energy 

consumption to off-peak hours. 

8. Billing System Integration 

Integrate billing functionalities with the power management system. 

Implement accurate metering for billing purposes. 

9. User Interface and Reporting 

Develop a user-friendly interface for consumers to monitor and manage their 

energy usage. Generate detailed reports on energy consumption, costs, and 

efficiency. Provide alerts and notifications for unusual usage patterns or billing 

discrepancies. 

10. Regulatory Compliance and Standards 

   Ensure compliance with local and international energy regulations. Adhere to 

industry standards for interoperability and data security. Stay updated on evolving 

standards and regulations related to power management. By following these stages, 

organizations can develop a comprehensive power management and integrated 

billing system that promotes efficiency, sustainability, and cost-effectiveness. 
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4.1.3 INTERNAL OR COMPONENT DESIGN STRUCTURE 

 

 

 

  Fig 13   Internal or Component design structure 
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4.1.4 WORKING PRINCIPLES 

Efficient power management and integrated billing systems are crucial for 

optimizing energy consumption and ensuring fair and accurate billing in various 

industries. Here are some working principles for both aspects  

EFFICIENT POWER MANAGEMENT 

1. Real-time Monitoring 

    Implement sensors and monitoring devices to collect real-time data on energy 

usage. Use IoT (Internet of Things) devices for remote monitoring and control of 

power-consuming equipment. 

2. Data Analytics 

    Employ advanced analytics to analyse historical and real-time data to identify 

patterns, anomalies, and opportunities for optimization. Utilize machine learning 

algorithms to predict energy usage patterns and optimize consumption. 

3. Load Shedding and Peak Demand Management 

   Implement load shedding strategies during peak demand periods to reduce overall 

power consumption. Use smart grid technologies to manage and distribute energy 

efficiently. 

4. Energy Storage Solutions 

   Integrate energy storage systems (e.g., batteries) to store excess energy during 

low-demand periods and release it during peak hours. 

5. Energy-efficient Equipment 

   Invest in energy-efficient appliances and machinery to reduce overall power 

consumption. Implement energy-saving technologies, such as LED lighting and 

energy-efficient HVAC systems. 

6. Demand Response Programs 

   Engage in demand response programs to encourage consumers to adjust 

their power usage during peak hours 
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INTEGRATED BILLING SYSTEM 

1. Metering and Data Collection 

Deploy smart meters to accurately measure and record energy consumption. 

Ensure seamless data collection and transmission from meters to the central billing 

system. 

2. Automated Billing Processes 

Implement automated billing systems to reduce errors and streamline the 

billing process. Utilize billing software to generate invoices, track payments, and 

manage customer accounts. 

3. Tariff Structures 

 Define transparent and fair tariff structures that consider peak and off-peak 

hours, varying rates, and special discounts. Communicate tariff structures clearly to 

customers to promote understanding and compliance. 

4. Data Security and Privacy 

  Implement robust security measures to protect customer data and billing 

information. Comply with data privacy regulations and ensure customer trust by 

safeguarding their sensitive information. 

5. Customer Engagement 

Provide customers with access to their energy consumption data through 

online portals or mobile apps. Implement customer education programs to raise 

awareness about energy conservation and billing practices. 

6. Flexible Payment Options 

Offer multiple payment options, such as online payments, direct debit, and 

mobile payment solutions. Provide flexibility in billing cycles and payment plans to 

accommodate diverse customer needs. 
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7. Billing Transparency 

  Ensure transparency in billing by providing detailed breakdowns of charges 

and explaining any adjustments or discrepancies. Respond promptly to customer 

inquiries and concerns regarding their bills. 

By combining these principles, organizations can create a comprehensive and 

efficient power management and integrated billing system that benefits both the 

service providers and consumers. 

4.2.1 IMPLEMENTATION SCREENSHOTS 

Step 1: Navigate to the General Login section 

 

Fig 4.1.5.1: General Login 
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Step 2: choose the option labelled [i] to calculate the electricity bill 

 

Fig 4.1.5.2:  calculate electricity bill 

Step 3: opt for option [ii] to deposit Money  

 

Fig 4.1.5.3: Deposited Money 
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Step 4: Access notifications by selecting option [iii] 

 

Fig 4.1.5.4: Notification History 

Step 5: Select option [i] to add bill 

 

Fig 4.1.5.7: Add Bill 
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Step 6: Select option [ii] to view bills 

 

Fig 4.1.5.8:   View bill 

Step 7: choose option [iii] to view transaction history  

 

                                         Fig 4.1.5.8: Transaction History 
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1.  HARDWARE OUTPUT FOR DOMESTIC (WITHOUT COUNTING) 

           

Fig 5:  Domestic output 
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2   .  HARDWARE OUTPUT FOR COMMERCIAL (WITH COUNTING) 

 

                                Fig 5 :  Commercial output 
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3.MONITORING THE PERSON (0-5) 

 

Fig 5.1 Initial Value (0) 

4.AFTER ENTERING 

 

                                                      Fig 5.2 Counting Values (0-5)   
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FEATURES 

 Efficient power management and integrated billing systems are crucial 

components for optimizing energy usage and ensuring fair and transparent billing. 

Here are some key features for such systems 

1. Real-time Monitoring 

 Continuous monitoring of power consumption in real-time. Instant alerts normal 

power usage or system failures. 

2. Smart Metering 

 Integration with smart meters for accurate and automated data collection. Two-

way communication for remote monitoring and control. 

3. Demand Response 

 Ability to implement demand response strategies to adjust power consumption 

during peak times. Incentive programs to encourage users to reduce demand 

during high-energy cost periods 

4. Load Shedding and Load Balancing 

      Automated load shedding during peak hours or emergencies. Intelligent load 

balancing to distribute power usage evenly across different components. 

5. Predictive Analytics 

    Utilization of predictive analytics to forecast energy demand and optimize 

resource allocation. Machine learning algorithms for trend analysis and anomaly 

detection. 

 6. Energy Efficiency Recommendations 

 Provide personalized recommendations to users for optimizing energy 

consumption based on historical data. Integration with smart devices to automate 

energy-saving measures. 
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7. Billing Transparency 

 Transparent and detailed billing statements for end-users. Access to a user-

friendly portal for reviewing consumption patterns, billing history, and cost 

breakdowns 

8. Automated Billing and Invoicing 

 Automated generation and distribution of bills based on actual consumption 

Multiple billing options, including time-of-use rates and tiered pricing. 

9. Payment Integration 

 Integration with various payment gateways for convenient and timely 

payments. Options for automated payments and alerts for overdue bills. 

10. User Authentication and Security 

  Secure authentication protocols to ensure only authorized users can access 

and control the system. Compliance with local and international regulations related 

to energy management and billing. Regular updates to adapt to changing 

regulatory requirements. Implementing a system with these features can 

significantly contribute to efficient power management and a transparent, 

integrated billing process. 
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4.2.1 NOVELTY OF THE PROPOSAL 

The novelty of a proposal for efficient power management and an integrated 

billing system lies in its ability to address multiple aspects of energy consumption 

and billing in a holistic and innovative manner. Here are some key elements that can 

contribute to the novelty of such a proposal 

1. Smart Grid Integration 

Incorporate smart grid technologies to enhance the efficiency of energy 

distribution and consumption. This could involve real-time monitoring and control of 

electricity usage at both the consumer and grid levels. 

2. Predictive Analytics 

Utilize advanced predictive analytics to forecast energy demand patterns. This 

enables proactive decision-making and optimization of power distribution, reducing 

wastage and improving overall system efficiency. 

3.Demand Response Mechanism 

Implement a dynamic demand response mechanism that encourages 

consumers to adjust their electricity usage during peak hours. This can be facilitated 

through automated notifications, incentives, or smart home devices. 

4. User-Friendly Interface 

Develop a user-friendly interface for consumers to monitor and manage their 

energy consumption in real-time. This could include a mobile app or web portal that 

provides insights, suggestions for energy savings, and transparent billing 

information. 
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5. Integration with Renewable Energy Sources 

    Facilitate the integration of renewable energy sources into the power grid. The 

system can prioritize the use of renewable energy when available, providing a more 

sustainable and eco-friendly power management solution. 

6. Automated Meter Reading (AMR) 

 Implement Automated Meter Reading technologies to collect consumption 

data remotely. This reduces the need for manual readings, minimizes errors, and 

enhances the accuracy of billing. 

7. Customizable Billing Plans 

Introduce customizable billing plans that cater to different consumer needs 

and encourage energy-efficient behavior. This could include time-of-use pricing, 

tiered billing, or other innovative models. 

8. Energy-Efficient Appliances Incentives 

Collaborate with manufacturers and retailers to promote the use of energy-

efficient appliances. Introduce incentives for consumers who adopt these 

technologies, contributing to overall energy savings. 

9. Cybersecurity Measures 

Prioritize cybersecurity measures to protect consumer data and ensure the 

integrity of the power management and billing system. Implement robust encryption, 

authentication, and authorization protocols. 

By combining these elements, a proposal for efficient power management and 

an integrated billing system can stand out as a comprehensive and forward-thinking 

solution that not only addresses current challenges but also paves the way for a 

more sustainable and technologically advanced energy future. 
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CHAPTER 5 

CONCLUSION 

The proposal for an efficient power management and integrated billing system 

represents a transformative approach to the evolving landscape of energy 

consumption and billing. By seamlessly integrating smart grid technologies, 

predictive analytics, and blockchain innovation, this proposal envisions a future 

where power distribution is not only optimized for efficiency but also made 

transparent, secure, and user-centric. The emphasis on a user-friendly interface 

empowers consumers to actively engage with their energy consumption, fostering a 

culture of awareness and responsible energy use. The introduction of a dynamic 

demand response mechanism further contributes to a sustainable energy 

ecosystem, allowing consumers to play a role in shaping the energy landscape. The 

low-cost power controlling and maintaining device maybe very helpful to the people, 

which will helpful to the people to reduce the usage of electricity more effectively. 

This project can be extended by connecting the various devices. Overall, an efficient 

power management and integrated billing system is a valuable tool in creating a 

more sustainable and cost-effective future. It is important for businesses and 

individuals to embrace this technology and work towards a more efficient and 

environmentally friendly energy usage. 

In essence, the proposal not only addresses the immediate need for efficient 

power management and billing but also lays the foundation for a resilient, adaptive 

energy infrastructure. As we navigate the complexities of a rapidly changing world, 

this integrated approach stands as a beacon of innovation, ushering in an era where 

energy is not only managed intelligently but also serves as a catalyst for a more 

sustainable and interconnected future. In future we can have an ability to pay the 

electricity bill after the month by the device itself by connecting the various type of 

devices. We can extend this project in the way of to operate the power supply 

operations i.e., to cut down the power supply when they doesn’t pay the electricity 

bill. We can also extend this project in the way of we can operate the devices from 

our working places itself. 
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Abstract – Powerful Management of Electricity and a 

Unified Charging System Increases the efficiency of 

Operations Costs While Creating Positive 

Environmental Influence That Leads to Sustainable 

Energy Future Computers have become an integral 

part of our lives today. Every company or 

organization will require the use of computers, which 

in turn will require electricity. For us to be able to use 

these devices effectively without any interruptions 

caused by power failure we need efficient 

management strategies for this scarce resource. We 

can also help save on costs if we come up with ways 

that are environmentally friendly as well as 

economically viable at the same time. For instance; 

instead of using ordinary bulbs why not use energy-

saving ones? This way you get the same amount of 

brightness but only consume half as much power 

compared to traditional methods used before such 

technology existed. Another example would be 

through natural lighting where buildings could be 

designed in such a way that they let in enough sunlight 

during daytime hours thereby minimizing usage 

levels required from artificial sources like electric 

lights thus reducing consumption rates further down 

the line too even during times when there may not be 

daylight available due clouds covering sky or other 

weather conditions causing low visibility levels 

outside. In the current changing world powered by 

technology, sustainable development, and economic 

growth are reliant on effective energy management 

systems. This article suggests a comprehensive 

approach that saves on electricity usage while at the 

same time making billing processes simple through 

integration with current state-of-the-art technologies 

and innovative methods based on recent 

advancements. What is being suggested here monitors 

electrical appliances continuously using smart sensors 

alongside machine learning algorithms plus seamless 

internet connection via IoT (Internet of Things). 

Resource efficiency is enhanced since data analysis is 

done dynamically so power distribution changes with 

demand patterns shifts or even user behavior 

alteration hence leading to optimization considering 

that it reduces waste also. 

 

Keywords – Power resource management, Economic 

viability, Dynamic power allocation, Fair invoicing, 

Infrared Sensors, Transformer, Power Management 

Controller (PMC), Power Supply Unit (PSU), LED. 

 

I. INTRODUCTION 

 

The Efficient Power Management and 

Integrated Billing System is a comprehensive 

solution designed to address the challenges of 

optimizing energy consumption and simplifying 

billing processes. At its core, the system employs 

cutting-edge technologies to create a smart and 

adaptive infrastructure. The implementation of 

Internet of Things (IoT) connectivity forms the 

backbone of the system, enabling seamless 

communication and data exchange among 

interconnected devices. This connectivity 

facilitates real-time monitoring and control of 

electrical devices, allowing for dynamic 

adjustments based on demand and user preferences. 

Advanced sensors play a pivotal role in the system 

by collecting real-time data on power consumption 

and device usage. These sensors provide valuable 

insights into energy patterns, contributing to 
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informed decision-making for optimizing power 

allocation. Machine learning algorithms enhance 

the system's capabilities by analyzing historical 

data and user behaviors, allowing it to predict and 

adapt to changing usage patterns, ultimately 

maximizing energy efficiency.  

A user-friendly interface is integrated into 

the system to enhance user engagement. This 

interface empowers users to monitor their energy 

usage, set preferences, and gain insights into their 

consumption patterns. By fostering transparency 

and accountability, the system encourages 

responsible energy practices among users. One of 

the distinguishing features of the system is its 

integrated billing module. This component tracks 

individual device usage, ensuring accurate and 

transparent billing. The system promotes fair 

distribution of costs among users, creating a 

financially equitable environment. Overall, the 

Efficient Power Management and Integrated 

Billing System represents a holistic approach to 

energy management. It not only optimizes power 

consumption through advanced technologies but 

also simplifies the billing process, making it an 

ideal solution for promoting sustainability and 

efficiency in both residential and commercial 

settings. Real-time monitoring and control of 

electrical devices through advanced sensors, 

machine learning algorithms, and IoT connectivity. 

Dynamic power allocation based on fluctuating 

demand patterns and user preferences. Intuitive 

billing system for fair and precise invoicing, 

promoting equitable cost distribution and energy-

conscious behavior. Comprehensive insights into 

energy consumption patterns, empowering users to 

make informed decisions and adopt efficient 

practices. Scalable and adaptable solution suitable 

for various applications, from residential to 

industrial settings. 

II. LITERATURE SURVEY 

 

1. SURVEY 

The advent of Efficient Power 

Management and Integrated Billing Systems in 

recent times has been necessitated by the need 

for sustainable energy practices and simplified 

billing methods. A variety of technologies and 

approaches have been looked into by scientists 

to counter problems related to optimizing power 

usage as well as enhancing accuracy in bill 

generation. This has led them to consider 

integrating the Internet of Things (IoT) with 

energy management systems which allow for 

device control through real-time 

communication among others. Besides, studies 

have also focused on incorporating sensors that 

monitor electricity consumption since they 

provide detailed information necessary for 

decision-making on what action should be taken 

next. Additionally, many scholars have carried 

out extensive research on machine learning 

algorithms used in predicting future energy use 

patterns because they can adjust themselves 

automatically to cope with any changes that 

might occur along the way. Furthermore, these 

investigations point out how artificial 

intelligence could be applied to this problem 

area; where historical records about past events 

are combined with a person’s behavior thus 

enabling AI systems to make decisions 

concerning the dynamic allocation of electric 

power based on such data history. Finally, some 

user engagement as well behaviour studies 

conducted indicate that transparent interfaces 

which are not only interactive but also visually 

appealing can play a significant role in enabling 

people to become more conscious of their 

expenses relating to electricity. Literature 

suggests that transparent and interactive 

interfaces empower users to monitor and control 

their energy usage effectively. 
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III. SYSTEM ARCHITECTURE 

 

 

 
 

Fig: Internal or Component Design Structure. 

 

 
 

 

Fig: Circuit Diagram. 

 

 

 
 

Fig: Admin Login. 

 

 
 

Fig: Flow Chart For Admin Login. 

 

 
 

Fig: General Login. 

 

 
Fig: Flow Chart For General Login. 



The proposed system architecture for efficient 

power management and billing integration consists of 

several components, including sensors, machine 

learning algorithms, IoT connectivity, data analytics, 

and a user interface. 

1. SENSORS: Advanced sensors are installed 

in electrical devices to monitor and collect 

real-time data on energy consumption. 

These sensors communicate with a central 

hub through IoT connectivity, enabling real-

time monitoring and control of electrical 

devices. 

2. Machine Learning Algorithms: Machine 

learning algorithms are used to analyze the 

data collected by the sensors and identify 

patterns in energy consumption. These 

algorithms can predict future energy demand 

and adjust power allocation accordingly, 

ensuring optimal resource utilization while 

minimizing waste. 

3. IoT Connectivity: Seamless IoT 

connectivity enables real-time 

communication between sensors, the central 

hub, and the user interface. This allows for 

real-time monitoring and control of 

electrical devices, as well as the integration 

of the billing system. 

4. Data Analytics: Data analytics is used to 

process and analyze the data collected by the 

sensors. This data is used to generate 

insights into energy consumption patterns, 

enabling users to make informed decisions 

and adopt more efficient practices. 
 

 

IV. IMPLEMENTATION STEPS 

 

Step-1:  

 

Fig: Logging In. 

 

 

 

 

Step-2: 

 

Fig: Calculating Electricity Bill. 

 

Step-3:  

 

Fig: Deposited Money. 

 

Step-4: 

 

Fig: Access To Notification History. 

Step-5:  

 

Fig: Add Bill. 



Step-6: 

 

Fig: View Bill. 

 

Step-7: 

 

Fig: Transaction History. 

 

V. RESULT AND DISCUSSION 

The proposed system for efficient power 

management and billing integration has 

demonstrated significant potential in optimizing 

power consumption and streamlining billing 

processes. The real-time monitoring and control of 

electrical devices, facilitated by advanced sensors, 

machine learning algorithms, and IoT connectivity, 

have shown to be effective in dynamically adjusting 

power allocation based on fluctuating demand 

patterns and user preferences. This has resulted in 

optimal resource utilization while minimizing waste, 

leading to reduced energy costs and improved 

energy efficiency. 

The integration of an intuitive billing system 

has added a layer of transparency and accountability 

to the process. By accurately tracking individual 

device usage, the system enables fair and precise 

invoicing, thereby promoting equitable cost 

distribution among users. This has fostered a sense 

of fairness and incentivized energy-conscious 

behavior, ultimately contributing to a more 

sustainable future. 

The system's user-friendly interface and 

intuitive design have empowered users to make 

informed decisions and adopt more efficient 

practices. Comprehensive insights into energy 

consumption patterns have encouraged active 

participation in energy management efforts, leading 

to a more sustainable and energy-efficient future. 

The proposed system is designed to be scalable 

and adaptable, making it suitable for various 

applications, from residential to industrial settings. 

The potential benefits of this solution include 

reduced energy costs, improved energy efficiency, 

and a reduced carbon footprint. The proposed 

system is expected to have a significant impact on 

the way power resources are managed and billed, 

contributing to a more sustainable and energy-

efficient future. 

In conclusion, the proposed system for efficient 

power management and billing integration has 

demonstrated significant potential in optimizing 

power consumption and streamlining billing 

processes. By leveraging advanced technologies and 

fostering user engagement, it not only optimizes 

operational costs but also drives positive 

environmental impact, paving the way for a more 

sustainable and energy-efficient future. 

 

VI. FUTURE ENHANCEMENT 

To further improve the power management 

and billing system, several future enhancements 

can be considered. These include: 

1. Blockchain Integration: Incorporating 

blockchain technology can provide a 

secure and transparent platform for energy 

trading and billing. This can enable peer-to-

peer energy trading, allowing users to buy 

and sell excess energy directly with each 

other. This can promote sustainable energy 

practices and reduce energy costs. 

2. Integration with Electric Vehicles (EVs): 

Integrating the system with EVs can enable 

users to manage their EV charging and 

monitor their energy usage. This can also 

provide users with more options for 

managing their energy usage and costs. 

3. Integration with Smart Grids: 

Integrating the system with smart grids can 

enable users to manage their energy usage 

in real-time, based on the availability and 

cost of energy. This can promote 

sustainable energy practices and reduce 

energy costs. 

4. Integration with Energy Storage 

Systems: Integrating the system with 

energy storage systems, such as batteries, 

can enable users to store excess energy and 

use it during peak hours. This can promote 

sustainable energy practices and reduce 

energy costs. 

5. Integration with Microgrids: Integrating 

the system with microgrids can enable 

users to manage their energy usage and 

costs independently from the main power 

grid. This can promote sustainable energy 

practices and reduce energy costs. 

 



 

VII. CONCLUSION 

The proposed system for efficient power 

management and billing integration has 

demonstrated significant potential in optimizing 

power consumption and streamlining billing 

processes. By leveraging advanced technologies and 

fostering user engagement, it not only optimizes 

operational costs but also drives positive 

environmental impact, paving the way for a more 

sustainable and energy-efficient future. The key 

features of the system, such as real-time monitoring, 

smart metering, demand response, load shedding 

and load balancing, predictive analytics, energy 

efficiency recommendations, billing transparency, 

automated billing and invoicing, payment 

integration, user authentication and security, and 

regulatory compliance, contribute to an efficient and 

effective power management and billing system. 

Future enhancements, such as blockchain 

integration, integration with electric vehicles, 

integration with smart grids, integration with energy 

storage systems, integration with microgrids, and 

integration with Internet of Things (IoT) devices, 

can further improve the system and promote 

sustainable energy practices. Overall, an efficient 

power management and integrated billing system is 

a valuable tool in creating a more sustainable and 

cost-effective future, and businesses and individuals 

need to embrace this technology and work towards 

more efficient and environmentally friendly energy 

usage. 
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APPENDIX 

 

B. SOURCE CODE [INTEGRATED BILLING SYSTEM (SW)] 

#include <iostream> 

#include <vector> 

#include <string> 

#include <iomanip> 

#include <ctime> 

#include <sstream> 

#ifdef _WIN32 

#include <conio.h> 

#else 

#include <termios.h> 

#include <unistd.h> 

#endif 

using namespace std; 

int getch() { 

#ifdef _WIN32 

    return _getch(); 

#else 

    char buf = 0; 

    struct termios old = {0}; 

    struct termios newTerm = {0}; 

    fflush(stdout); 

    if (tcgetattr(0, &old) < 0) 
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time(0); 

        tm*  

            } 

        } 

 

        cout << endl; 

    } 

} 

void markAsPaid(vector<Bill>& bills, int billId) { 

    for (Bill& bill : bills) { 

        if (bill.id == billId) { 

            bill.status = "Paid"; 

            cout << "Bill marked as paid.\n"; 

            return; 

        } 

    } 

    cout << "Bill not found.\n"; 

} 

void viewTransactionHistory(const vector<Bill>& bills) { 

    if (bills.empty()) { 

        cout << "No transaction history available.\n"; 

        return; 

    } 

    cout << setw(5) << "Bill ID" << setw(20) << "Vendor Name" << setw(10) << 

"Amount" << setw(20) << "Date" << endl; 
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    cout << setfill('-') << setw(60) << "-" << setfill(' ') << endl; 

    for (const Bill& bill : bills) { 

        for (const Transaction& transaction : bill.transactionHistory) { 

            cout << setw(5) << bill.id << setw(20) << bill.vendorName << setw(10) << 

transaction.amount << setw(20) << transaction.date << endl; 

        } 

    } 

} 

ElectricityType getElectricityType(int choice) { 

    switch (choice) { 

        case 1: 

            return ElectricityType::DOMESTIC; 

        case 2: 

            return ElectricityType::COMMERCIAL; 

        default: 

            return ElectricityType::DOMESTIC; 

    } 

} 

int main() { 

    vector<Bill> bills; 

    int choice; 

    int userRole; 

    do { 

        cout << "+-----------------------------------------------+" << endl; 

        cout << "|    \"Efficient Power Management and            |" << endl; 
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        cout << "|    Integrated Billing System\"                 |" << endl; 

        cout << "+-----------------------------------------------+" << endl; 

        cout << "1. General Login \n"; 

        cout << "2. Admin Login\n"; 

        cout << "3. Exit\n"; 

        cout << "Select your Login: "; 

        cin >> userRole; 

        switch (userRole) { 

            case 1: 

                { 

                    // General user login 

                    int generalUserChoice; 

                    do { 

                        cout << "\nGeneral User Menu\n"; 

                        cout << "1. Calculate Electricity Bill\n"; 

                        cout << "2. Deposit Money\n"; 

                        cout << "3. Notifications\n"; 

                        cout << "4. Logout\n"; 

                        cout << "Select your Options: "; 

                        cin >> generalUserChoice; 

                        switch (generalUserChoice) { 

                            case 1: { 

                                int electricityTypeChoice; 

                                int n,x; 
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                                double total_bill; 

                                cout << "Choose electricity type (1 for Domestic, 2 for 

Commercial): "; 

                                cin >> electricityTypeChoice; 

 

                                if (electricityTypeChoice == 1 || electricityTypeChoice == 2) { 

                                    if (electricityTypeChoice == 1) { 

                                        cout << "Total Number of Units used: "; 

                                        cin >> n; 

                                        if (n > 0 && n < 101){ 

                                            total_bill = (n * 4.80);} 

                                        if (n > 100 && n < 201){ 

                                            total_bill = (n * 5.80);} 

                                        if (n > 200){ 

                                            total_bill = (n * 6.50);} 

                                         cout << "--------------------------------------------" << endl; 

                                    cout << "Total bill = RS." << total_bill<< endl; 

                                    cout << "--------------------------------------------" << endl; 

                                    } 

                                    else if (electricityTypeChoice == 2) { 

                                        cout << "Total Number of Persons : "; 

                                        cin >> x; 

                                        cout << "Total Number of Units used: "; 

                                        cin >> n; 

                                if (n > 0 && n < 101){ 
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                                            total_bill = (n * 6.05);} 

                                if (n > 100){ 

                                            total_bill = (n * 6.70);} 

                                             cout << "--------------------------------------------" << endl; 

                                    cout << "Total bill = RS." << total_bill<< endl; 

                                      cout << "--------------------------------------------" << endl; 

                                    cout<<"Bill Per Each Person is :"<<total_bill/x<<endl; 

                                    cout << "--------------------------------------------" << endl; 

                                    } 

                                    addBill(bills, "Electricity", total_bill, "Unpaid", 

getElectricityType(electricityTypeChoice)); 

                                }else { 

                                    cout << "Invalid choice for electricity type.\n"; 

                                } 

                                break; 

                            } 

                            case 2: { 

                                double depositAmount; 

                                int electricityTypeChoice; 

 

                                cout << "Choose electricity type for deposit (1 for Domestic, 2 for 

Commercial): "; 

                                cin >> electricityTypeChoice; 

                                cout << "Enter deposit amount: ₹ "; 

                                cin >> 
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!= 5); 

                    break; 

                } 

 

            case 3: 

                cout << "Exiting the program.\n"; 

                break; 

            default: 

                cout << "Invalid choice. Please try again.\n"; 

        } 

 

    } while (userRole != 3); 

 

    return 0; 

} 

source code [ Efficient Power Management (HW)] 

//Tested OK  

#include <TimerOne.h> 

#include <Multiplex7Seg.h> 

const int button1Pin = A2;  // the pushbutton1 is connected to A0 

const int button2Pin = A3;  // the pushbutton1 is connected to A2 

const int LED1 = A4; 

const int LED2 = A5; 

const int Relay = 13; 
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const int RelayOnLed = 2; 

byte digitPins[] = {3, 4};         // LSB to MSB 

byte segmentPins[] = {12, 11, 10, 9, 8, 7, 6}; // Segment a to g 

int count = 0; 

int Reset1 = 0; 

int Reset2 = 0; 

int HeadCount = 0; 

boolean enter1Status = LOW; 

boolean leave1Status = LOW; 

boolean enter2Status = LOW; 

boolean leave2Status = LOW; 

boolean Toggle1 = LOW; 

boolean Toggle2 = LOW; 

boolean EnableVar = LOW; 

int button1State = 0; // variable for reading the pushbutton1's status 

int button2State = 0; // variable for reading the pushbutton2's status 

void setup()  

{ 

  Serial.begin(9600); 

  pinMode(LED1, OUTPUT); 

  pinMode(LED2, OUTPUT); 

  pinMode(Relay, OUTPUT); 

  pinMode(RelayOnLed, OUTPUT); 
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  // initialize the pushbutton pins as an inputs: 

  Multiplex7Seg::set(1, 2, digitPins, segmentPins);   // Initialize 

  // See the example in Multiplex7Seg library for initialization parameters 

  Timer1.initialize(100000);  //100 ms interrupt 

  Timer1.attachInterrupt(EnterCheck); 

} 

void loop()  

{ 

  button1State = digitalRead(button1Pin);   

  if (button1State == LOW && enter1Status == LOW && Reset1 == 0)  

  { 

    Reset1 = 1; 

    enter1Status = HIGH; 

    delay(200);     

  } 

  button2State = digitalRead(button2Pin); 

  if (button2State == LOW && enter2Status == LOW && Reset1 == 1)  

  { 

    Reset1 = 2; 

    digitalWrite(LED1, HIGH); 

    enter2Status = HIGH; 

    delay(200); 

    interrupts(); 
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  } 

  if(Reset1 == 2 && Toggle1 == LOW) 

  { 

    Toggle1 = HIGH; 

    HeadCount = HeadCount + 1; 

    Serial.println(HeadCount); 

    delay(200); 

  } 

  button2State = digitalRead(button2Pin);   

  if (button2State == LOW && leave2Status == LOW && Reset2 == 0)  

  { 

    Reset2 = 1; 

    leave2Status = HIGH; 

    delay(200);     

  } 

  button1State = digitalRead(button1Pin); 

  if (button1State == LOW && leave1Status == LOW && Reset2 == 1)  

  { 

    Reset2 = 2; 

    digitalWrite(LED2, HIGH); 

    leave1Status = HIGH; 

    delay(200); 

    interrupts(); 
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  } 

  if(Reset2 == 2 && Toggle2 == LOW) 

  { 

    Toggle2 = HIGH; 

    HeadCount = HeadCount - 1; 

    if(HeadCount == -1) 

    HeadCount = 0; 

    Serial.println(HeadCount); 

    delay(200); 

  } 

  Multiplex7Seg::loadValue(HeadCount);  // Display incrementing value 

  if(HeadCount > 0) 

  { 

    digitalWrite(Relay, HIGH); 

    digitalWrite(RelayOnLed, HIGH); 

  } 

  else 

  { 

    digitalWrite(Relay, LOW); 

    digitalWrite(RelayOnLed, LOW); 

  } 

  delay(100); 

} 
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void EnterCheck() 

{ 

  if(enter2Status == HIGH || leave2Status == HIGH) 

  { 

    count = count + 1; 

    if(count > 10) 

    { 

      count = 0; 

      digitalWrite(LED1, LOW); 

      digitalWrite(LED2, LOW); 

      enter1Status = LOW; 

      enter2Status = LOW; 

      leave1Status = LOW; 

      leave2Status = LOW;               

      Reset1 = 0; 

      Reset2 = 0; 

      Toggle1 = LOW; 

      Toggle2 = LOW;  

      noInterrupts();    

    } 
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Sample hex format  

:100000000C9462000C948A000C948A000C948A0070 

:100010000C948A000C948A000C948A000C948A0038 

:100020000C948A000C94ED030C948A000C948A00C2 

:100030000C948A000C946E050C948A000C948A002F 

:100040000C94A3030C948A000C9471030C944B033E 

:100050000C948A000C948A000C948A000C948A00F8 

:100060000C948A000C948A000000000023002600F3 

:10007000290000000008000201000003040700003E 

:1000800000000000000000000000250028002B00F8 

:1000900000000000240027002A00040404040404D3 

:1000A0000404020202020202030303030303010227 

:1000B00004081020408001020408102001020408F6 

:1000C0001020AF0711241FBECFEFD8E0DEBFCDB 

:1000D00011E0A0E0B1E0ECE5F0E102C005900D928 

:1000E000A032B107D9F721E0A0E2B1E001C01D923 

100050000C948A000C948A000C948A000C948A00F8 

:100060000C948A000C948A000000000023002600F3 

:10007000290000000008000201000003040700003E 

:1000800000000000000000000000250028002B00F8 

 


