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Abstract:  
                    Because of growing demand and rising 

electricity prices, energy consumption in smart 

homes is a serious concern. Conventional energy 

management systems frequently lack flexibility, 

which results in wasteful energy use. In order to 

improve energy efficiency in smart homes, this 

study suggests a machine learning-based 

optimization strategy that combines Reinforcement 

Learning (RL), Support Vector Machine (SVM), 

and Genetic Algorithm (GA). Using past 

consumption trends and environmental variables, 

SVM is used to forecast energy demand. GA 

minimizes energy consumption while preserving 

user comfort to optimize appliance scheduling. 

Through constant interaction with the environment, 

RL dynamically learns and modifies energy 

consumption techniques, allowing for real-time 

optimization. The suggested architecture creates an 

adaptive energy management system by utilizing 

machine learning techniques and IoT-based data 

collection. According to experimental results, 

energy usage and costs can be significantly reduced 

while maintaining user convenience. This study 

advances the creation of data-driven, intelligent 

energy management systems for environmentally 

friendly smart homes. 

1.INTRODUCTION: 

Energy optimization is becoming more and more 

important as a result of the rising demand for energy 

worldwide, especially in smart homes where IoT-

enabled gadgets produce enormous volumes of data. 

Reducing expenses, lessening the impact on the 

environment, and improving sustainability all 

depend on effective energy management. However, 

conventional rule-based energy management 

systems frequently lack flexibility, which results in 

higher electricity waste and inefficient energy use. 

Advanced machine learning (ML) techniques have 

been investigated to improve energy use in smart 

homes by anticipating energy demand, learning 

usage patterns, and dynamically modifying 

appliance schedules in order to solve this difficulty. 

 

Machine learning techniques have emerged as 

potent instruments for maximizing energy 

efficiency due to their capacity to identify trends and 

generate very precise forecasts. In this work, we 

examine how three machine learning methods—

Genetic Algorithm (GA), Support Vector Machine 

(SVM), and Reinforcement Learning (RL)—can be 

used to optimize energy consumption by taking into 

account variables like current electricity prices, 

appliance usage trends, and the availability of 

renewable energy. Because of their capacity to 

manage intricate datasets, enhance decision-making 

procedures, and raise system efficiency generally, 

these algorithms are frequently employed. 

 

Comparing how well these machine learning 

models optimize energy use while maintaining user 

comfort is the main goal of this study. Data 

preprocessing, feature selection, model training, and 

performance assessment utilizing important metrics 

including system efficiency, cost savings, and 

energy savings are all part of the study. The results 

are intended to aid in the creation of AI-powered 

smart home solutions that improve energy 

efficiency, encourage environmentally friendly 

energy use, and lessen their negative effects. 

2.PROBLEM FORMULATION: 

The environmental impact, rising expenses, 

and growing demand for electricity have 
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made energy consumption in smart homes a 

critical concern. Conventional energy 

management techniques frequently lack 

flexibility, which results in wasteful energy 

use. With the help of sensors and IoT-

enabled devices, smart homes produce 

enormous volumes of real-time data that 

may be used to create sophisticated energy 

optimization models. Finding a successful 

machine learning (ML) strategy to maximize 

energy use while preserving user comfort is 

still difficult, though. 

 

In order to assess and forecast trends of 

energy usage, this study suggests a machine 

learning-based energy optimization 

framework that makes use of Reinforcement 

Learning (RL), Support Vector Machine 

(SVM), and Genetic Algorithm (GA). SVM 

forecasts energy consumption using 

historical data, GA maximizes appliance 

scheduling efficiency, and RL allows 

adaptive decision-making to optimize 

energy usage in real-time. These algorithms 

were chosen because of their capacity to 

manage intricate datasets, adjust to changing 

circumstances, and enhance overall energy 

efficiency. 

 

Comparing how well different machine 

learning models perform in improving 

energy use in smart homes is the main goal 

of this study. This entails assessing elements 

including system efficiency, cost reduction, 

and energy savings. Data gathering, feature 

selection, model training, and performance 

assessment utilizing important indicators are 

all part of the study. Finding the most 

effective machine learning strategy will aid 

in the creation of AI-powered energy 

management systems, encouraging 

economical smart home solutions and 

sustainable energy use. 

2.1 Key Metrics for Assessing Machine 

Learning Models: 

Energy Savings (%) =  

 
 
Energy Consumption without ML−Energy Consumption with ML

Energy Consumption without ML
× 100  

 

 

Accuracy     =   
Number of Correct Predictions

Total Number of Predictions
 

 

Precision     =   
True Positive

True Positives+False Positive
   

 

 

Recall            =    
True Positives

True Positives+False Negative
 

 

F1 Score     =   2 ×
Precision×Recall

Precision+Recall
 

3.MACHINE LEARNING 

APPROACHES: 

By identifying trends, forecasting energy demand, 

and enhancing efficiency through clever 

automation, machine learning (ML) is essential to 

optimizing energy use in smart homes. Three 

important machine learning (ML) approaches are 

the subject of this study: genetic algorithms (GA), 

support vector machines (SVM), and reinforcement 

learning (RL). 

 

3.1. Learning by Reinforcement (RL): 

 

Reinforcement Learning is an adaptive machine 

learning technology that continuously interacts with 

the environment to optimize energy usage. By 

getting feedback (rewards or penalties) based on 

activities made, it learns the most effective energy 

management techniques. 

http://www.ijsrem.com/


    International Journal of Scientific Research in Engineering and Management (IJSREM) 
             Volume: 09 Issue: 03 | March - 2025                                 SJIF Rating: 8.586                                            ISSN: 2582-3930                                                                                                                  

 

© 2025, IJSREM      | www.ijsrem.com                                        DOI: 10.55041/IJSREM41971                                       |        Page 3 
 

 

 

Working Mechanism: 

• Monitors ambient conditions, appliance use, 

and energy consumption in real time. 

 

• Chooses an action, such turning off 

unnecessary electronics or modifying 

thermostat settings. 

 

• Is rewarded for using less energy or 

penalized for using too much. 

 

• To optimize long-term energy efficiency, it 

revises its policies. 

 

3.2. SVM, or support vector machine: 

 

SVM is a supervised learning system that uses 

previous data to categorize and forecast trends of 

energy consumption. In smart home systems, it is 

frequently utilized for anomaly detection and energy 

demand forecasting. 

 
  

 

Working Mechanism: 

• Converts input features into a high-

dimensional space, such as the time of use, 

the weather, and the status of the appliance. 

 

• Finds the best Hyperplane to divide the 

various energy-use groups. 

 

• Uses real-time data to forecast future energy 

use, allowing for proactive load 

management. 

 

3.3. Genetic Algorithm (GA): 
An evolutionary optimization method for 

scheduling and resource allocation in smart home 

energy systems is the genetic algorithm. It uses 

crossover, mutation, and selection to iteratively 

develop energy-saving techniques. 

 
 

Working Mechanism: 

• Produces an array of potential energy 

regimens. 

 

• Uses a fitness function (such as minimizing 

energy cost) to evaluate each schedule. 

 

• Creates fresh, efficient solutions by 

combining the best schedules. 

 

• To get the best energy efficiency, the process 

is repeated over several generations. 
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4.METHODOLOGY: 

 

Data collection, preprocessing, feature selection, 

model implementation, training, evaluation, and 

deployment are all part of the structured 

methodology for smart home energy consumption 

optimization. In order to accomplish effective 

energy management, this work combines Genetic 

Algorithm (GA), Support Vector Machine (SVM), 

and Reinforcement Learning (RL). 

 

4.1. Data collection: 

• Data on power consumption, voltage, and 

current in real time is provided via smart 

meters and Internet of Things devices. 

Weather, humidity, temperature, and sun 

radiation are examples of environmental 

influences. 

 

• Patterns of user activity include preferences, 

occupancy information, and appliance usage 

schedules. 

 

• Grid data and electricity pricing: peak/off-

peak hours and dynamic rates. 

 

4.2. Preprocessing Data: 

To improve accuracy and efficiency, the raw 

data is preprocessed prior to machine learning 

model training. 

• Mean imputation or interpolation are two 

methods for dealing with missing values. 

 

• Making sure that data ranges are consistent 

requires normalization and scaling. 

Converting non-numeric data (such the type 

of appliance) into numeric representation is 

known as categorical encoding. 

 

• Time-series segmentation is the process of 

breaking down energy use into analytically 

useful intervals. 

 

4.3. Feature Selection: 

To improve model performance, key 

characteristics affecting energy use are 

identified: 

 

• Time of use: Indicates when it is most and 

least popular. 

The power ratings of appliances indicate 

how much energy each device uses overall. 

 

• Environmental factors: How the weather 

affects the need for heating and cooling. 

 

• The relationship between presence and 

energy use is ascertained via occupancy 

statistics. 

 

5. Machine Learning Model 

implementation: 

Three machine learning methods are used to 

optimize energy use: 

 

5.1 Using Reinforcement Learning (RL) 

to Optimize Energy in Real Time: 

• The smart home environment is interacted 

with by the RL agent. 

It modifies appliance settings and gets 

rewarded for using less energy. 

 

• In order to reduce energy usage and maintain 

user comfort, the policy is modified on a 

regular basis. 

 

5.2 Energy Demand Prediction Using 

Support Vector Machines (SVM): 

• Using information on occupancy, appliance 

use, and weather, it forecasts future energy 

consumption. 
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• Proactive load balancing and energy-

efficient scheduling are made possible by 

accurate demand forecasts. 

 

5.3 Genetic Algorithm (GA) for 

Scheduling Appliances: 

 

• GA creates appliance schedules that are 

optimized to reduce energy expenses. 

 

• It assesses various scheduling options 

according to changes in energy prices. 

To develop the best energy-saving 

techniques, the most suitable schedules are 

chosen, integrated, and altered. 

 

5.4 Deployment and Real-time 

Implementation:  

• An energy management system (EMS) for 

smart homes uses the trained models. 
 

• Real-time feedback for model improvement 

is continuously provided by IoT sensors. 

 

• By automatically modifying appliance 

usage, the technology lowers energy 

expenses without sacrificing user comfort. 

 

6.RESULT: 

Important insights into the efficacy of 

Reinforcement Learning (RL), Support Vector 

Machine (SVM), and Genetic Algorithm (GA) 

have been revealed through experimental 

evaluation in a smart home energy optimization 

context. 

6.1 Energy Consumption Reduction: 

• By constantly modifying energy use 

according to current conditions, RL was able 

to achieve the most energy savings of 36%. 

 

• GA's optimized appliance scheduling 

resulted in a 30% reduction in usage, but it 

lacked real-time adjustment flexibility. 

 

• Although SVM did not actively control 

appliances, it improved the prediction of 

energy usage, which resulted in a 22% 

reduction. 

 

6.2 Savings on costs: 

• RL optimized energy utilization during off-

peak hours, resulting in a 35% reduction in 

electricity expenses. 
 

• By effectively scheduling high-energy 

appliances, GA reduced expenses by 30%. 

 

• SVM enhanced demand-side energy 

planning, resulting in a 22% cost savings. 

 

6.3 Comfort of the User: 

• Because RL accommodated user 

preferences, it offered the best level of 

comfort (9.2/10). 

 

• SVM avoided sharp energy swings, allowing 

for a respectable comfort level (8.5/10). 

 

• GA's strict scheduling restrictions, which 

occasionally clashed with customer needs, 

caused it to receive the lowest comfort rating 

(7.8/10). 

 

7.CONCLUSION: 

 

The findings demonstrate that Reinforcement 

Learning (RL) is the best method for maximizing 

energy use in smart homes since it effectively strikes 

a balance between cost reduction, energy savings, 

and user comfort. Genetic Algorithms (GA) are 

good at structured energy scheduling, but they are 

not flexible enough for changing conditions. 
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Although it is helpful in predicting energy demand, 

the Support Vector Machine (SVM) does not 

actively optimize energy use in real time. 

 

Energy optimization could be further improved by a 

hybrid strategy that combines GA for preset 

scheduling and RL for real-time learning. For more 

effective smart home automation, future research 

should concentrate on enhancing RL's learning 

speed, incorporating renewable energy sources, and 

putting multi-agent systems into place. This study 

demonstrates how machine learning-based energy 

management systems can be used to create 

affordable and environmentally friendly smart home 

solutions. 
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