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ABSTRACT 

 

 

This research investigates the environment condition within two types of buildings, 

naturally ventilated and air-conditioned to gain better understanding of the indoor 

environment condition of the selected buildings.  The main purpose of this study is to 

develop predictive model to forecast indoor environmental parameters using 

Artificial Neural Network (ANN) technique.  Field measurements were conducted at 

four traditional Malay houses in Peninsular Malaysia to acquire the actual indoor and 

outdoor data; and to provide data for network training during model development.  

Hourly time-series data of three indicators including: air temperature, relative 

humidity and air velocity were used to forecast the indoor environmental parameters.  

The performance of the developed model was evaluated using R squared (R2) and 

Mean Square Error (MSE).  Network testing was performed to validate the models 

developed.  The accuracy of the model was measured using the Mean Absolute 

Percentage Error (MAPE).  Results from the research show that twelve ANN models 

with the best structure were successfully developed to forecast indoor temperature, 

humidity and velocity.  The MAPE values for the comparison between the actual and 

predicted for naturally ventilated building is less than 20 percent for indoor 

temperature and humidity which can be considered acceptable as suggested by many 

researchers.  However, the MAPE value is more than 20 percent for indoor velocity.  

As for air-conditioned building, the MAPE values exceed 20 percent for all 

parameters.  It was found that the developed models only applicable for naturally 

ventilated building.  The models in general could predict indoor temperature and 

humidity pattern with modest accuracy.  However, it is not applicable for air-

conditioned building due to the different building characteristics.   

 

Keywords: indoor environment, natural ventilation, prediction, Artificial Neural 

Network.   
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ABSTRAK 

 

 

Kajian ini menyiasat keadaan persekitaran di dalam dua jenis bangunan, pengudaraan 

semula jadi dan penghawa dingin untuk mendapatkan pemahaman yang lebih baik 

bagi keadaan persekitaran dalaman bangunan yang telah dipilih.  Tujuan utama 

kajian ini adalah untuk membangunkan model ramalan bagi meramal parameter 

persekitaran dalaman dengan menggunakan teknik Rangkaian Neural Buatan. 

Pengukuran lapangan telah dijalankan di empat buah rumah tradisional Melayu di 

Semenanjung Malaysia untuk mendapatkan data dalaman dan luaran sebenar; dan 

untuk menyediakan data untuk latihan rangkaian semasa proses pembangunan 

model.  Data setiap jam bagi tiga petunjuk termasuk: suhu udara, kelembapan relatif 

dan halaju udara telah digunakan untuk meramal parameter persekitaran dalaman. 

Prestasi model yang dibangunkan dinilai menggunakan R kuasa dua (R2) dan Mean 

Square Error (MSE).  Pengujian rangkaian telah dilaksanakan untuk menentukan 

keberkesanan model yang telah dibangunkan. Ketepatan model diukur dengan 

menggunakan Mean Absolute Percentage Error (MAPE). Hasil kajian ini 

menunjukkan dua belas model ANN dengan struktur yang terbaik telah berjaya 

dibangunkan untuk meramal suhu, kelembapan dan halaju dalaman. Bagi 

perbandingan antara nilai sebenar dan ramalan suhu dan kelembapan dalaman untuk 

bangunan pengudaraan semula jadi nilai MAPE adalah kurang daripada 20 peratus. 

Kebanyakan penyelidik mencadangkan nilai MAPE kurang daripada 20 peratus 

adalah boleh diterima. Walau bagaimanapun, nilai MAPE bagi halaju dalaman adalah 

melebihi 20 peratus.  Bagi bangunan berhawa dingin, nilai MAPE untuk semua 

parameter adalah melebihi 20 peratus.  Hasil kajian menunjukkan bahawa model 

yang dibangunkan hanya boleh digunakan untuk bangunan pengudaraan semula jadi.  

Secara umum, model-model tersebut boleh meramalkan corak suhu dan kelembapan 

dalaman dengan ketepatan yang sederhana.  Walau bagaimanapun, ia tidak boleh 

digunakan untuk bangunan berhawa dingin disebabkan oleh ciri-ciri bangunan yang 

berbeza.   

 

Kata Kunci: persekitaran dalaman, pengudaraan semula jadi, ramalan, Rangkaian 

Neural Buatan.  
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background of the Research 

 

 

“Indoor” refers to the environments inside homes, schools, public buildings, and 

similar spaces to which the public has access (National Research Council, 1981).  In 

recent years, the issue of indoor environmental condition in building has received 

great attention.  Global warming and rapid development in building and construction 

industry added the increasing of environmental condition issue.  The main reason 

was because of people typically spend most of their times in the indoor environment 

compared to the external environment which implies that the indoor environment has 

become more important to the public health.   

 Nowadays, people are demanding on their quality of life.  In order to sustain 

the quality of life, healthy, safe and comfortable indoor environments are needed.  A 

quality indoor environment is one which promotes comfort, health, and well-being of 

the building occupancy.  Building exist to protect people from the elements and to 

otherwise support human activity.  However, unless buildings are managed well, 

indoor environmental conditions have the potential to make people sick, cause them 

discomfort, or otherwise inhibit their ability to perform.   

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



2 

 

 A building is a system that is linked to its surrounding environment and is 

subject to a range of interactions between the external conditions and the indoor 

comfort condition (Naseer, 2013).  To create a comfortable indoor climate, architects 

and engineers should have to take decisions from the beginning of the design process 

(Malinda Anthony, 2002).   

 A good building design will contribute to a good quality of living space.  

Hanafi (1999) stated that traditional building design deliver good indoor comfort and 

suitable with local climate.  It is often regarded as a good natural ventilated dwelling 

in hot humid climate due to its design strategies and material selection (Mohd 

Hafizal et al., 2012).  It can be described as raised on timber stilts with floor and wall 

gaps to allow maximum cross ventilation (Mohd Hafizal et al., 2012) and made of 

materials which were easily available from the tropical forests such as timber, 

bamboo, rattan and leaves (Wafi and Ismail, 2008).  However, the local building 

materials and the coherent design principles of the traditional forms are being 

abandoned under the influence of modernism.   

 According to Hanafi (1999), the traditional concept of the building had been 

displaced with modern design which incorporates architectural styles and materials 

that ignore the local climatic conditions as well as the cultural, social and economic 

interactions.  It has been modified to adapt with new materials for their durability 

such as concrete and bricks for walls; metal, concrete and clay tiles for roofing in 

several types, colours and styles.  In fact most of imported building technologies are 

not thermally suitable under Malaysian climate (Wafi and Ismail, 2008).  

Consequently, such buildings will end up with poor indoor climate, which affects 

comfort, health and efficiency.  The problem is found in dwellings as well as 

workplaces or public buildings, such as schools and hospitals.   

 The location of Malaysia which is under tropical climate region is naturally 

hot and a humid climate.  According to Rajapaksha et al. (2003), local climate 

greatly affects the indoor thermal environment in buildings.  Buildings are 

overheated during the day due to solar heat gain through the building envelope and 

solar penetration through windows.  Ahmed (2003) stated that comfortable outdoor 

spaces have a significant bearing on the comfort perception of the indoor ambience.  

Therefore, the demand for comfort conditions in buildings is significantly increased 

as a result of exposure to uncomfortable outdoors.  In the context of Malaysia, 
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overheated outdoor environment of the city has contributed to a growing preference 

for a lower comfort temperature indoors.  Considering this situation, a large number 

of the buildings are served by air-conditioning units and other mechanical ventilation 

systems that are designed to maintain a thermally comfortable indoor environment 

(Wafi and Ismail, 2008; Khalil and Husin, 2009).  This in turn has put an immense 

pressure on the energy demand in the cities.  This situation contributes to the 

excessively high amount of energy consumption for cooling as well as its running 

cost.  Besides that, it also will have a negative impact on the environment.   

 Climate is a principal physical environment factor in the design of buildings 

and settlement for the indoor environment comfort condition.  According to 

Manibhai (2013), the climate of a region plays a great role in determining the design 

and construction of a building because the indoor environment is strongly influenced 

by the impacts of outdoor environment.  Conducive spatial and indoor environments 

are major aspects in the successful performance in a building.  Both human beings 

and buildings interact with heat, light, sound, air, and other climatic and geophysical 

elements that surround them and they contribute to the formation of comfort 

condition.  Besides that, the external factors directly influence the indoor climate in 

many buildings.  Hence, outdoor overall planning requires to be considered in order 

to identify factors that encourage the formation of an acceptable indoor fresh air flow 

into the building.  Therefore, in order to design a structure responding to 

environment all factors that effect on the external environment as well as aspects of 

internal environment should be considered (Lavafpour and Surat, 2011).   

 The creation of comfortable, healthy and safe environments with the most 

efficient of energy consumption is fundamental to the successful operation of a 

building.  These requirements are of greater importance as concern grows over both 

the qualities of indoor climate and the global impact of energy use.  Considering both 

the severe global environmental situation brought by high energy consumption and 

the environmental quality needs from building occupants, the concept that to achieve 

better environmental quality, higher performance and more sustainable building by 

exploring climatic conditions and environmental strategies in the conventional 

vernacular building form has been put forward and got wider recognition (Olgyay 

and Olgyay, 1963; Givoni, 1998; SHI and Edward, 2014).  The concept has been 

known as climatic design, a method for reducing overall energy cost of a building 
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(Lin and Deng, 2008; Shakoor, 2011).  Climatic design creates comfortable, energy 

efficient and environmentally wise buildings.  Besides that, it can be learned and 

stimulated by observation and prediction.   

 Classical process-based modelling approaches can provide good estimations 

of indoor environment, but they usually are too general to be applied directly without 

a lengthy data calibration process.  They often require approximations of various 

processes, and these approximations may overlook some important factors affecting 

the processes within the environment.  According to Palani et al., (2008) a process 

based model requires a lot of input data and model parameters that are often 

unknown, while data driven techniques provide an effective alternative to 

conventional process-based modelling.  Moreover, this models developed by data-

driven techniques are expected to be computationally very fast and require fewer 

input parameters than process-based models.   

 Data-driven modelling techniques have gained popularity in the last several 

years.  The scientific and engineering communities have acquired already extensive 

experience in the development and usage of data-driven techniques.  One of the most 

popular data-driven approaches is Artificial Neural Network (ANN).  ANN is as 

simplified mathematical models of brain-like systems (Hassan and Li, 2010).   

 ANN often offers a superior alternative to traditional physical-based models, 

and excels at understanding the behaviour of patterns or relationships in data. It is 

also a powerful non-linear estimator which is recommended when the functional 

form between input and output is unknown or it is not well understood but believed 

to be nonlinear (Salazar et al., 2007).  This is especially the case in providing 

comfortable indoor environment where the factors influencing indoor comfort 

condition are highly interactive.  These considerations justify the use of ANN 

modeling approach.  Moreover, as an artificial intelligent (AI) information-

processing tool, the ANN system has been proven to be a powerful approach to 

solving complex nonlinear mappings with higher accuracy than regression methods.   

 There are available numerous software tools to design and manage the ANN.  

However, only a few of them were used in papers more often than the others.  

Among of them, MATLAB was successfully used in several works including Strik et 

al., (2005); Sofuoglu (2008); Al-Shamisi et al., (2011) and Sapon et al., (2011).  

Therefore, the MATLAB Neural Network Toolbox was used in this study because it 
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is flexible and easy to apply.  The list of available software mentioned is presented in 

Table 1.1.   

 

Table 1.1: List of Artificial Neural Network Tools (Source: Krenek et al., 2014)  

Tool name Environment License 

NeuroShell 2 SA Commercial 

Weka SA GNU GPL 

Neural Network Toolbox MATLAB Commercial 

NeuroXL MS Excel Commercial 

 

 The use of artificial neural networks (ANN) is a new promising approach to 

simulate engineering problems (Sharma et al., 2000; Ramli, 2011).  It has been 

shown to be a powerful and versatile tool, particularly in dealing with prediction and 

classification problems.  Besides that, ANN has been utilized in various building 

applications such as prediction of heating load, ventilation rate and indoor 

temperature.  Therefore, primary interest of this study is to analyze environmental 

parameters within both naturally ventilated and air-conditioned buildings and to 

construct predictive models by using the ANN technique.   

 

 

1.2 Problem Statement 

 

 

Malaysia as warm and humid tropical climate is known by its characteristics of high 

temperatures, high relative humidity and very low wind speeds.  Under these weather 

conditions, these for sure make the environment conditions uncomfortable in 

building.  In view of this, it is important to study the indoor environment especially 

thermal environment.  Therefore, it is important to conduct this study to get all the 

parameters needed in developing the indoor environment prediction model and to 

propose indoor environment prediction with improvement of indoor environment 

statistical model.   

 There are many prediction models that have been developed to forecast 

environment condition within building.  However, there has been no research 

purposely done on the forecast of indoor environmental parameters model based on 
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ANN.  In this study, with the aid of ANN which is one of data driven modeling 

techniques, indoor environmental parameters prediction model will be developed and 

the advantages of using ANN for forecasting will be identified.   

 

 

1.3 Aims and Objectives of the Research 

 

 

The aim of this research is to develop prediction model using Artificial Neural 

Networks (ANN) technique to predict indoor environmental parameters in natural 

ventilated building in Malaysia.  To achieve this aim, the following objectives have 

been identified and carried out:  

 

i. To investigate real data sets pattern for environmental parameters both indoor 

and outdoor at a specific locations in Peninsular Malaysia. 

ii. To determine the level of indoor environmental condition at the selected 

buildings and compare the results with recommended standards and previous 

research.  

iii. To develop models using ANN to predict indoor environmental parameters in 

four traditional Malay houses in Peninsular Malaysia.  

iv. To simulate and validate the accuracy of the prediction model.  

 

 

1.4 Scopes and Limitations of the Research 

 

 

The scope of research falls into two broad sections, that is, environmental parameters 

measure including air temperature, relative humidity and air velocity at both natural 

ventilated and air-conditioned buildings through selected case study; and forecasting 

models of indoor environmental parameters.   

 For the first section, a comprehensive literature review on the issues of the 

indoor environment was conducted.  Through this review, a better understanding on 

the theoretical aspect of the study can be achieved.  Three locations were identified 
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as suitable case study area which is located at Johor, Negeri Sembilan and Kedah.  In 

order to develop the prediction model, data for all parameters considered for the 

study area need to be identified and it will be collected using anemometer.   

 In developing forecasting models of indoor environmental parameters, a 

literature review on theory and application of artificial neural networks serves as a 

prelude to develop the ANN models.  The prediction model will be developed by 

using MATLAB Neural Network Toolbox software.   

 Both field measurement and application of MATLAB software are used in a 

complementing manner in the investigations of indoor environment condition as part 

of the methodology employed in this research, and thus bears the limitations of the 

toolbox used.   

 

 

1.5 Significance of the Research 

 

 

This study is beneficial because it can provide baseline information and advancement 

of knowledge and design appropriate within tropical climate for best indoor 

environmental condition for the future building design.  Moreover, data such as 

temperature distribution and wind speed can be used as a guideline by relevant 

government bodies, houses developers and agencies to come up with more energy 

conserving building design.  Through this study also, it is expected lesson can be 

drawn from the climatic design of traditional house for the future building design in 

the modern context.   

 From a comprehensive research finding output, a Neural Network Model 

developed.  The developed application hopefully will be a potential application to 

forecast environment condition within building at any given time and also can be 

used to supplement measurements, or to predict impacts when measurements cannot 

be made.  Besides that, with the aid of the prediction model also helps the engineers 

to formulate strategies and mitigation measured for minimizing the energy 

consumption within building.   
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