
Journal of Building Engineering 47 (2022) 103848

Available online 10 December 2021
2352-7102/© 2021 Elsevier Ltd. All rights reserved.

Comfort and energy consumption optimization in smart homes 
using bat algorithm with inertia weight 

Mohamad Razwan Abdul Malek a, Nor Azlina Ab. Aziz a,*, Salem Alelyani b,c, 
Mohamed Mohana b, Farah Nur Arina Baharudin a, Zuwairie Ibrahim d 

a Faculty of Engineering & Technology, Multimedia University, 75450, Melaka, Malaysia 
b Center for Artificial Intelligence (CAI), King Khalid University, 61421, Abha, Saudi Arabia 
c College of Computer Science, King Khalid University, 61421, Abha, Saudi Arabia 
d College of Engineering, Universiti Malaysia Pahang, 26300, Gambang, Kuantan, Pahang, Malaysia   

A R T I C L E  I N F O   

Keywords: 
Bat algorithm 
Comfort 
Inertia weight 
Energy consumption 
Optimization 

A B S T R A C T   

Smart home is a concept that aims to maximize the comfort of occupant while consuming energy 
as low as possible. The comfort and energy consumption are contradicting factors in smart homes. 
Enhancing comfort often requires considerable energy. On the other hand, minimizing energy 
may result in less comfort to the residence. Thus, maximizing comfort while minimizing energy 
consumption is a challenging process. In this paper, bat algorithm (BA) based solution is proposed 
to tackle this problem. Three main parameters that influence the occupant’s comfort, namely, 
temperature, illumination, and indoor air quality, are considered. The algorithm optimizes to-
wards the best set of values for the three parameters. In this work, exponentially increasing inertia 
weight is introduced to BA for performance improvement. A secondary dataset consisting of 48 
environmental values is optimized using the proposed algorithm. The performance of BA with 
exponential inertia weight is proven as significantly better than the original BA and other variants 
of inertia weight; random, linearly decreasing, and nonlinearly decreasing. Moreover, the comfort 
level achieved by BA with exponential inertia weight is found to be better than previously re-
ported works using firefly algorithm, genetic algorithm, ant colony optimization, and artificial 
bee colony algorithm. The superior performance is achieved due to better convergence behaviour. 
Summarily, applying BA with exponential inertia weight is a novel contribution that is essential 
for providing smart home system a solution that ensures optimum comfort at minimal energy 
consumption.   

1. Introduction 

The concept of smart homes has been around since the late 1990s and gotten more popular since early 2000s. The smart homes 
technologies offer occupant’s comfort and energy usage aware solutions [1]. The technologies allow a home to learn from the envi-
ronment and adjust itself to meet the occupant’s preference at lower operational cost [2,3]. Adoption of such technologies not only 
contributes to improvement of occupant’s comfort and efficiency of energy usage but also towards supporting as well as enabling 
independent living among the elderlies, people with dementia or intellectual disabilities. Smart homes also support patient’s homecare 
and monitoring. 
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