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ABSTRACT 

Artificial lighting of commercial buildings in Malaysia consumes 21% of the total 

electrical energy. Therefore, reducing the energy is required to achieve sustainable 

buildings (i.e., higher energy efficiency and visual comfort), by implementing optimal 

light sensor placement method and optimisation-based control strategy. However, in 

recent works related to light sensor placement, energy performance and illuminance 

uniformity (Uo) are not considered, and the results did not provide the optimal number 

of sensors to be employed. To optimise power consumption (PC) and visual comfort 

simultaneously through the optimisation-based control strategy, the previous work 

developed a visual comfort model to represent Uo. However, the model did not 

consider daylight and the results of Uo need further improvement. This research 

proposes: (1) a new optimal light sensor placement method (OLSPM) by using 

combined particle swarm optimisation (PSO) and fuzzy logic controller (FLC) denoted 

as OLSPM-PSOFLC, and (2) a new visual comfort metric called illuminance 

uniformity deviation index (IUDI) and incorporated with multi-objective PSO 

(MOPSO) for solving energy consumption and visual comfort problem. The OLSPM-

PSOFLC is developed to determine the optimal number and position of light sensors 

by considering PC while satisfying average illuminance level (Eav) and Uo. To ensure 

both PC and Uo in the room are always at the optimum levels, the IUDI with MOPSO 

is developed. Before the proposed methods are implemented, retrofitting lighting 

system is implemented first to determine the best lamp technology to be installed in 

terms of technical and economic metrics. An actual office room is considered for 

carrying out the proposed methods. The comparative results showed that the OLSPM-

PSOFLC significantly reduced the number of sensors, energy consumption, carbon 

dioxide emission, payback period, and life cycle cost were 66%, 23%, 23%, and 30%, 

respectively, compared to the multi-sensor. Meanwhile, based on the comparative 

study of the IUDI and CVRMSE, the IUDI showed superior performance with 6% and 

27% improvement of Uo and energy savings, respectively. Based on their superiority, 

the newly developed methods can be potentially implemented for all types of rooms 

and are very useful methodologies towards sustainable commercial buildings. 
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ABSTRAK 

Lampu elektrik bagi bangunan komersial di Malaysia menggunakan 21% daripada 

jumlah tenaga elektrik. Oleh itu, pengurangan tenaga adalah perlu untuk mencapai 

bangunan lestari (iaitu tinggi kecekapan tenaga dan keselesaan penglihatan) dengan 

melaksanakan peletakan pengesan cahaya yang optimum dan kawalan berasaskan 

pengoptimuman. Walau bagaimanapun, dalam kajian terkini berkaitan dengan 

peletakan pengesan cahaya tidak mengambil kira prestasi tenaga dan keseragaman 

pencahayaan (Uo) dan ianya tidak memberikan keputusan yang optimum kepada 

bilangan pengesan untuk dipasang. Bagi mengoptimumkan penggunaan kuasa (PC) 

dan keselesaan penglihatan serentak melalui kawalan berasaskan pengoptimuman, 

kajian terdahulu membangunkan model keselesaan penglihatan bagi mewakili Uo. 

Walau bagaimanapun, model tersebut tidak mengambil kira cahaya matahari dan 

keputusan Uo perlu ditambah baik. Kajian ini mencadangkan: (1) peletakan pengesan 

cahaya yang optimum menggunakan gabungan pengoptimuman kumpulan zarah 

(PSO) dan pengawal logik kabur (FLC) singkatannya OLSPM-PSOFLC dan (2) 

metrik keselesaan penglihatan baru dipanggil indeks sisihan keseragaman 

pencahayaan (IUDI) dan digabungkan dengan pelbagai objektif PSO (MOPSO) untuk 

menyelesaikan masalah penggunaan tenaga dan keselesaan penglihatan. Sebelum 

melaksanakan kaedah-kaedah yang dicadangkan, pemasangan semula sistem lampu 

perlu dilakukan dahulu untuk menentukan teknologi lampu yang terbaik untuk 

dipasang dari segi metrik teknikal dan ekonomi. Sebuah bilik pejabat sebenar 

digunakan untuk menjalankan projek yang telah cadangkan. Keputusan perbandingan 

menunjukkan OLSPM-PSOFLC mencapai bilangan pengesan, penggunaan tenaga, 

perlepasan karbon dioksida, tempoh bayaran balik dan kos kitaran hayat yang rendah 

iaitu 66%, 23%, 23%, dan 30% berbanding pelbagai pengesan. Selain itu, berdasarkan 

keputusan perbandingan IUDI dengan CVRMSE, IUDI menunjukkan prestasi terbaik 

dengan penambahbaikan dari segi keselesaan penglihatan dan penjimatan tenaga 

dengan 20% dan 67%. Berdasarkan prestasi yang baik, ianya berpotensi untuk 

dilaksanakan di pelbagai jenis bilik dan metodologi yang sangat berguna menuju ke 

arah bangunan komersial yang lestari. 
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INTRODUCTION 

1.1 Research Background 

Nowadays, the energy demand has dramatically increased all over the world. In the 

United States (US), electricity energy consumption increases by approximately 1.6% 

every year [1]. Meanwhile, Malaysia recorded increased electricity energy 

consumption year 2010 to 2013 by 18% and increased by approximately 4.5% 

annually [2]. This phenomenon is reflected in the number of population, economic 

growth and infrastructure development. Consequently, the increase of greenhouse gas 

(GHG) emission has serious impacts on the global environment, such as global 

warming and climate change.  

Electrical energy consumption (EC) and carbon dioxide (CO2) emission of 

buildings for global and the European Union (EU) [3], [4] is presented in Figure 1.1. 

Based on the figure, global represents the total energy used with 40% and 

consequently, CO2 emission with 30%. For the EU, building energy consumption 

contributes 40% of the total energy and 36% of the total CO2 emission. Figure 1.2 

shows the electrical energy consumption of Malaysia by major sectors in 2012 [5]. It 

can be seen that, industrials (45%), commercials (33%), and residential (21%). In 

2017, the energy used in the US from the residential and commercial sectors was 

around 39% of the total energy used [6]. 
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