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Abstract—This paper explores the development of an intelli- 
gent energy management system, which leverages machine learn- 
ing and computer vision to detect occupancy and optimize energy 
usage in real time. The literature review examines methods 
for human presence detection and energy control, focusing on 
accuracy, scalability, and real-world application. The findings 
provide a basis for future implementation of smart energy 
systems in modern buildings. 

Index Terms—Machine Learning, Energy Management, Com- 
puter Vision, Occupancy Detection. 

 

I. INTRODUCTION 
 

In a world where energy and environmental concerns are be- 

coming increasingly critical, the demand for effective solutions 

is more pressing than ever. Among the various operational 

costs, electricity usage frequently stands out as the largest 

expense and a significant contributor to the carbon footprint. 

This reality has elevated the importance of energy efficiency, 

not only in residential settings but also across commercial and 

industrial domains. One area with considerable potential for 

enhancement lies in the energy management of buildings. In 

many cases, inadequate control systems result in inefficient 

energy consumption, particularly in lighting and ventilation, 

which often operate unnecessarily. Addressing this issue can 

lead to substantial energy savings, as it reduces wasted elec- 

tricity by ensuring that resources are used only when and 

where they are needed. 

The adoption of energy-efficient practices not only con- 

serves electricity but also fosters sustainability and economic 

benefits. Specifically, such practices are instrumental in creat- 

ing systems that respond intelligently to their environments. 

For example, energy-efficient solutions can adapt dynamically 

to turn off lights in unoccupied rooms or adjust ventilation 

based on real-time requirements. These advancements thrive in 

any setting, improving operational efficiency and contributing 

to a greener future. 

To achieve such efficiency, integrating advanced technolo- 

gies like the Internet of Things (IoT) and Artificial Intelligence 

(AI) has proven to be transformative. IoT enables devices and 

systems to communicate and collaborate, ensuring that energy 

management systems are interconnected and responsive. On 

the other hand, AI enhances the capability to predict energy 

usage patterns, optimize operations, and adapt to varying 

conditions. Together, these technologies form the backbone 

of smart energy management solutions. 

This survey focuses on exploring methods and technologies 

that support the development of energy-efficient systems. The 

review aims to provide comprehensive insights drawn from 

existing research, evaluating the feasibility, accuracy, and 

scalability of innovative solutions. The analysis includes a 

detailed examination of 12 scientific papers, which investigate 

the application of machine learning algorithms for detecting 

human presence, vision techniques for object recognition, and 

advanced energy management systems. Through a critical 

assessment of these studies, the review outlines state-of-the- 

art methodologies that are instrumental in developing efficient 

systems. Furthermore, it delves into challenges such as sensor 

fusion, the performance of real-time processing, and ensuring 

the robustness of systems in diverse environmental conditions. 

This comprehensive evaluation aims to guide future advance- 

ments in energy management technologies. 

The integration of renewable energy sources, such as solar 

and wind, into energy management systems further enhances 

their sustainability. By combining these renewable inputs with 

smart systems, it becomes possible to reduce reliance on 

conventional power grids, lowering both costs and environ- 

mental impact. Additionally, advancements in battery storage 

technology ensure that excess energy generated during peak 

times can be stored and used efficiently when needed. 

The primary objective of this project is to address the 

challenge of excessive power consumption by proposing a 

smart system capable of managing energy usage in real 

time. Leveraging cutting-edge technologies such as machine 

learning and computer vision, the system is designed to sense 

human presence in a room and autonomously control lighting 

and ventilation. By doing so, it not only optimizes energy 

consumption but also ensures that resources are used effec- 

tively, paving the way for smarter and more sustainable energy 

solutions. This initiative represents a significant step forward 

in harmonizing technological innovation with environmental 

responsibility. 

II. LITERATURE REVIEW 

The papers we reviewed highlight important advancements 

in energy management systems, machine learning approaches 

for detecting occupancy and computer vision methods for 

monitoring in real time. Many of these studies have developed 

quick object detection frameworks, which have set the stage 

for a variety of real-time detection systems. In a landmark 

study, Viola et al. introduced a real-time object detection 
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framework that utilizes an Integral Image to rapidly evaluate 

features, coupled with an AdaBoost-based learning algorithm 

for effective feature selection and a cascade classifier. This 

innovative approach significantly enhanced operational speed, 

achieving face detection at an impressive rate of 15 frames 

per second. While their system excelled in face detection, 

applying it to occupancy detection in dynamic environments 

like classrooms or offices remains a challenging endeavor. The 

need for adaptable solutions in varied contexts is clear, as the 

technology’s limitations could hinder its broader implementa- 

tion in real-world scenarios [1]. 

Furthering the exploration of occupancy detection, Yuvraj 

et al. developed a budget-friendly system that monitors door 

positions and human presence without requiring major reno- 

vations. This design is particularly advantageous for existing 

infrastructures, allowing for easier integration into current 

building layouts. However, its effectiveness diminishes in 

spaces lacking air conditioning, such as classrooms with 

ceiling fans, where the system struggles to deliver the expected 

energy conservation benefits. This shortcoming underscores 

the necessity for systems that can dynamically adjust to 

different room configurations for optimal energy management 

[2]. 

Exploring the intersection of hardware and machine learn- 

ing, Sze et al. examined how embedded processing can manage 

large amounts of sensor data in Internet of Things (IoT) 

applications. They highlighted the importance of addressing 

privacy concerns while reducing latency and energy usage. 

While their study made significant strides in developing 

energy-efficient hardware algorithms, it fell short of providing 

real-world performance assessments. Furthermore, the trade- 

offs between energy consumption, cost, and accuracy were 

not sufficiently explored, leaving gaps in understanding the 

practical applications of these technologies [3]. 

In an effort to enhance energy management, Elkhoukhi et 

al. proposed a real-time occupancy detection method designed 

to intelligently optimize energy use in buildings. Their sys- 

tem detects occupancy status, allowing building management 

systems to swiftly adapt to changes in occupancy behavior. 

This responsiveness not only benefits energy efficiency but 

also improves occupant satisfaction. Nevertheless, challenges 

such as sensor reliability and privacy concerns were identified, 

prompting suggestions for employing redundant sensors and 

encryption protocols to safeguard data integrity and user 

privacy [4]. 

The work by Mukkamala et al. provided a comprehensive 

review of object detection and identification methods, focusing 

on machine learning and deep learning algorithms to enhance 

accuracy and efficiency in visual detection. While the review 

was thorough and informative, it would have been even 

stronger with a discussion of the limitations of current object 

detection methods in practical applications. More quantitative 

data in case studies would have validated the effectiveness of 

these techniques in real-world scenarios, providing a clearer 

picture of their potential impacts [5]. 

Mariano-Herna´ndez delved into various strategies for im- 

proving energy efficiency in Building Energy Management 

Systems (BEMS). He discussed key techniques such as model 

predictive control and demand-side management, emphasizing 

their adaptability for both residential and commercial appli- 

cations. However, the high costs associated with the design 

and installation of these systems present a significant obstacle, 

particularly for smaller structures like classrooms with limited 

budgets. This economic barrier highlights the need for more 

accessible solutions to facilitate widespread adoption [6]. 

Recognizing the importance of safety at construction sites, 

Tang et al. developed an innovative tool that automates safety 

checks by focusing on human-object interactions. Utilizing 

computer vision and machine learning methods, this system 

effectively detects potential hazards in real-time. Despite its 

promising capabilities, challenges related to implementation 

costs and ensuring reliability across diverse work environments 

remain. These issues point to the necessity for further research 

aimed at enhancing the practicality and overall effectiveness 

of safety monitoring systems [7]. 

Examining smart lighting systems, Baharudin et al. re- 

viewed various control strategies employed in commercial 

buildings. They compared the Predictive Occupancy Control 

Strategy (POCS), which operates on predefined schedules, to 

the Real Occupancy Control Strategy (ROCS), which adjusts 

in real time based on actual occupancy. While POCS proves 

effective in settings with predictable patterns, it lacks the 

flexibility needed in dynamic environments. On the other 

hand, ROCS is better suited for real-time adaptation but can 

become inefficient in spaces with multiple lighting zones, such 

as auditoriums. This complexity underscores the urgency for 

optimization in large and intricate environments to ensure 

energy efficiency [8]. 

In a fascinating exploration of machine learning’s capa- 

bilities, Turgut and Akgu¨n investigated how to create smart 

buildings that detect occupancy with minimal hardware. By 

utilizing various IoT devices like infrared and ultrasonic 

sensors, they aimed to gather accurate data on human presence 

within a room. Their approach is not only cost-effective 

but also simple to implement. However, the authors noted 

a distinct lack of practical energy management strategies, as 

their paper did not present a comprehensive model to apply 

these algorithms for reducing energy consumption effectively 

[9]. 

Focusing on public safety, Saleh et al. proposed a novel 

method for detecting sidewalk violators using Raspberry Pi 

technology. By combining Bluetooth Low Energy (BLE) 

technology with the YOLO computer vision algorithm, their 

system aims for real-time detection and identification of of- 

fenders. Despite the advantages in tracking violations, scal- 

ability and compatibility issues with existing enforcement 

systems present significant challenges that may hinder broader 

adoption of their solution [10]. 

Finally, Schneider et al. conducted a comparative study 

examining various algorithms for detecting people in smart 

buildings using camera systems. They assessed the perfor- 

mance of different detection methods in terms of accuracy, 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 08 Issue: 12 | Dec - 2024                           SJIF Rating: 8.448                                     ISSN: 2582-3930                                                                                                                                               

  

© 2024, IJSREM      | www.ijsrem.com                                                                                                                       |        Page 3 

speed, scalability, and reliability, aiming to enhance surveil- 

lance and security systems. While their findings highlighted 

advancements in detection technologies, they also raised press- 

ing concerns regarding privacy implications associated with 

widespread camera use, emphasizing the importance of ethical 

considerations when implementing these systems [11]. 

Hensel et al. focused on developing a camera-based tracking 

system for Micro Aerial Vehicles (MAVs) using deep learning 

algorithms, specifically the single-shot detector (SSD) archi- 

tecture. Their research demonstrated the system’s effectiveness 

in real-world scenarios, including search and rescue operations 

and livestock monitoring, showcasing high accuracy and ef- 

ficiency. Nevertheless, they acknowledged challenges related 

to real-time processing in rapidly changing environments, 

indicating the need for ongoing improvements to enhance 

robustness and reliability in their tracking system [12]. 

 

III. PROPOSED METHODOLOGY 

This system employs advanced machine learning techniques 

to facilitate real-time human presence detection and enabling 

the automated control of lighting and ventilation systems. The 

system is designed to utilize a variety of sensors, including 

infrared and ultrasonic devices to accurately monitor room 

occupancy. By collecting data on the presence and movements 

of individuals, the system can make informed decisions about 

energy usage. For instance, when a room is detected as unoc- 

cupied, the system can automatically turn off lights and adjust 

ventilation, thereby significantly reducing energy waste. This 

methodology draws inspiration from the occupancy detection 

methods proposed by Yuvraj et al. (2010), which focus on 

low-cost systems that do not require extensive modifications 

to existing infrastructures. 

Incorporating computer vision algorithms enhances the sys- 

tem’s ability to analyze human activity within various envi- 

ronments. Inspired by the pioneering work of Viola and Jones 

(2001) on real-time object detection, the system effectively 

differentiates between occupied and unoccupied states. 

 

 
Fig. 1. Integral image at point (x, y) [1] 

 

[1]The value of the integral image at point (x, y) is the sum 

of all the pixels above and to the left, inclusive, as shown in 

Figure 1. This is given by: 

ii(x, y) = 
Σ 

i(x′, y′), 
x′≤x,y′≤y 

where ii(x, y) is the integral image and i(x, y) is the 

original image. The following pair of recurrence relations can 

be used to compute this efficiently: 

 

s(x, y) = s(x, y − 1) + i(x, y), 
 

 

ii(x, y) = ii(x − 1, y) + s(x, y), 

where s(x, y) is the cumulative row sum. By initializing 

s(x, −1) = 0 and ii(−1, y) = 0, the integral image can be 

computed in one pass over the original image.[1] 

Using this approach, any rectangular sum can be computed 

in four array references, significantly reducing computational 

complexity for real-time object detection. 

Their system employs an AdaBoost-based learning algo- 

rithm and a cascade classifier to achieve high performance 

in detecting faces, establishing a foundation for accurate 

occupancy detection in dynamic environments. By adapting 

similar techniques, the system can reliably assess occupancy 

in various settings such as classrooms and offices. Ensuring 

that energy management remains efficient and responsive to 

user needs. 

 
 

 

Predicted Positive 

 

Predicted Negative 

 

Actual Positive 

True Positive 
(TP) 

False Negative 
(FN) 

 
Actual Negative 

False Positive 
(FP) 

True Negative 
(TN) 

TABLE I 
CONFUSION MATRIX[9] 

 

 

 

The design of the system also emphasizes adaptability 

and continuous learning. Leveraging insights from Turgut 

and Akgu¨n (2022). The system employs machine learning 

algorithms to optimize energy efficiency in smart buildings. 

One of the core features is the incorporation of performance 

metrics, such as confusion matrices[9] to evaluate the accuracy 

of the occupancy detection model. These metrics ensure the 

system can effectively distinguish between true positive, false 

positive, true negative, and false negative detections leading to 

more precise energy management decisions. 

Taking cues from the work of Elkhoukhi and Berounie 

(2018), our system embraces a smart and budget-friendly 

approach using minimal hardware that makes it easy to access 

and integrate into existing buildings. 

As shown in Figure 2, the system architecture is thought- 

fully designed with several key elements: occupancy sensors 

that detect who’s in the space, a data processing unit that 
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Metrics Equation 

Accuracy 

 

 TP +TN  
TP +TN +FP +FN 

Recall 

 
 TP  

TP +FN 

Precision 

 
 TP  

TP +FP 

F1 Score 
2·(Precision·Recall) 

Precision+Recall 

TABLE II 
PERFORMANCE METRICS FOR OCCUPANCY DETECTION [9] 

 

 

 
Fig. 2. System Architecture for Occupancy Detection [4] 

 

analyzes the information from these sensors and a user- 

friendly interface for monitoring and control[4].This setup al- 

lows all components to communicate smoothly, enabling real- 

time insights into occupancy and energy use. These techniques 

enhance the accuracy and reliability of occupancy detection, 

ensuring the system can optimize energy consumption while 

providing a comfortable atmosphere for occupants .Thereby 

achieving a sustainable energy management solution. 

Building on the insights gained from our literature review, 

we propose an intelligent occupancy detection and energy 

management system tailored specifically for educational set- 

tings, such as classrooms, laboratories, and lecture halls. Our 

system combines visual sensors, including cameras, with a 

range of other sensing technologies to detect human presence 

and activity in real-time. Inspired by recent advancements 

in machine learning and motivated by the methods used in 

previous studies, our system aims to streamline and optimize 

energy use based on actual occupancy data. 

The core of our system is a multi-layered process that 

begins with image acquisition, where cameras and sensors 

gather information about the space. By leveraging machine 

learning techniques—developed from previous research on 

reliable occupancy detection—the system identifies whether 

a room is occupied or not. But our approach goes a step 

further. Instead of controlling the entire room, we’ve integrated 

a sectorization technique based on an integral image method, 

allowing us to divide a room into specific zones or sectors, 

such as rows of seats or areas around a desk. This way, we 

can dynamically adjust lighting, ventilation, and other energy- 

consuming devices based on where people actually are, rather 

than just whether they’re in the room. 

 

 

 
Fig. 3. Proposed System Workflow for Occupancy Detection and Energy 
Management 

 

 

As the data flows through the system, it controls the voltage 

supply to various devices, adjusting power to match the needs 

of each sector. If a room is partially occupied, the system 

can dim lights in unused areas or turn off the ventilation in 

unoccupied zones. This real-time responsiveness helps reduce 

energy waste while maintaining a comfortable environment 

for those in the room. To make it even easier to use, the 

system also includes a user-friendly interface that shows real- 

time power distribution and occupancy data, giving facility 

managers a clear view of energy use and helping them make 

informed decisions. 

Our approach addresses some limitations found in tra- 

ditional systems. Many older occupancy detection systems 

rely on a single type of sensor, which can struggle with 

accuracy in dynamic environments like classrooms. By com- 

bining visual sensors with machine learning algorithms, our 

system can more accurately differentiate between occupied and 

unoccupied spaces, even in settings where movement varies. 

Additionally, while many systems offer only simple on/off 

control, ours allows for precise, sector-specific adjustments, 

reducing unnecessary energy use in unoccupied areas and 

enhancing overall efficiency. 

We’ve also designed our system to be accessible and scal- 

able, drawing on existing research for low-cost and minimal- 

hardware solutions. This means our system can be integrated 
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into existing educational facilities without requiring significant 

infrastructure changes. By offering a targeted, data-driven 

approach to energy management, we aim to create a smarter, 

more sustainable environment that supports the needs of both 

students and educators. 

Our proposed methodology combines advanced occupancy 

detection with intelligent energy management to create a 

solution that’s tailored for educational settings. By addressing 

the limitations of previous systems, we provide a more precise 

and adaptable approach to managing energy, helping to build 

a future where educational facilities are both efficient and 

responsive to the needs of their users. 

IV. CONCLUSION 

The literature review reveals a diverse array of promising 

techniques for implementing intelligent energy management 

systems (IEMS). These systems represent a pivotal advance- 

ment in building technology, as they not only enhance the 

efficiency of energy use but also significantly contribute to 

occupant comfort and overall building performance. The sig- 

nificant progress in methodologies for occupancy detection 

and energy optimization is particularly noteworthy. By uti- 

lizing sophisticated algorithms, these systems can minimize 

energy waste, thus lowering operational costs and enhancing 

sustainability. 

Moreover, the integration of machine learning algorithms 

and computer vision technologies has emerged as a crit- 

ical component in developing real-time responsive energy 

management solutions. These technologies enable IEMS to 

analyze vast amounts of data from various sources, allowing 

for real-time adjustments based on occupancy patterns and 

environmental conditions. The ability to adaptively manage 

energy consumption not only supports operational efficiency 

but also fosters an environment that prioritizes user comfort 

and well-being. 

As we look to the future, there is an imperative to advance 

these systems further by incorporating more sophisticated 

machine learning models. This includes exploring deep neural 

networks and ensemble methods that can better adapt to 

diverse environmental conditions and user behaviors. These 

advanced techniques promise to enhance the accuracy of 

occupancy detection, enabling systems to predict energy con- 

sumption patterns with greater precision. This adaptability is 

essential, particularly in dynamic environments where occu- 

pancy levels can fluctuate significantly throughout the day. 

Furthermore, improving the scalability of these systems will 

be a top priority. The goal is to ensure that intelligent energy 

management solutions can be effectively implemented across 

a wide range of building types, from small residential units to 

large commercial complexes. Achieving this scalability will 

involve addressing various technical and logistical challenges, 

including the need for robust infrastructure and seamless 

integration with existing building management systems. 

By tackling these challenges head-on, the project aims to 

develop a robust and scalable solution that can significantly 

impact energy efficiency in modern buildings. The ultimate 

goal is to create a smart energy management system that not 

only conserves energy but also aligns with broader sustain- 

ability objectives. Such a system would contribute to a greener 

future, helping to mitigate the impacts of climate change and 

promote responsible energy use in our communities. 

In conclusion, the integration of intelligent energy man- 

agement systems represents a critical step towards a more 

sustainable built environment. By leveraging advanced tech- 

nologies and addressing existing challenges, we can pave the 

way for innovations that transform how we manage energy 

in our buildings, ultimately leading to a more sustainable and 

energy-efficient future. 
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