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ABSTRACT 

Noise is a form of a pollutant that is terrorizing the occupational health experts for 

many decades due to its adverse side-effects on the workers in the industry. Noise-

Induced Hearing Loss (NIHL) handicap is one out of many health hazards caused 

due to excessive exposure to high frequency noise emitted from the machines. A 

number of studies have been carried-out to find the significant factors involved in 

causing NIHL in industrial workers using Artificial Neural Networks (ANN). Despite 

providing useful information on hearing loss, these studies have neglected some 

important factors.   

 

 The traditional Back-propagation Neural Network (BPNN) is a supervised 

Artificial Neural Networks (ANN) algorithm. It is widely used in solving many real 

time problems in world. But BPNN possesses a problem of slow convergence and 

network stagnancy. Previously, several modifications were suggested to improve the 

convergence rate of Gradient Descent Back-propagation algorithm such as careful 

selection of initial weights and biases, learning rate, momentum, network topology, 

activation function and ‘gain’ value in the activation function. 

 

 This research proposed an algorithm for improving the current working 

performance of Back-propagation algorithm by adaptively changing the momentum 

value and at the same time keeping the ‘gain’ parameter fixed for all nodes in the 

neural network. The performance of the proposed method known as ‘Gradient 

Descent Method with Adaptive Momentum (GDAM)’ is compared with ‘Gradient 

Descent Method with Adaptive Gain (GDM-AG)’ (Nazri, 2007) and ‘Gradient 

Descent with Simple Momentum (GDM)’ by performing simulations on 

classification problems. The results show that GDAM is a better approach than 

previous methods with an accuracy ratio of 1.0 for classification problems like 
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Thyroid disease, Heart disease, Breast Cancer, Pima Indian Diabetes, Wine Quality, 

Australian Credit-card approval problem and Mushroom problem.  

 

 The efficiency of the proposed GDAM is further verified by means of 

simulations on Noise-Induced Hearing loss (NIHL) audiometric data obtained from 

Tenaga Nasional Berhad (TNB). The proposed GDAM shows improved prediction 

results on both ears and will be helpful in improving the declining health condition of 

industrial workers in Malaysia. At present, only few studies have emerged to predict 

NIHL using ANN but have failed to achieve high accuracy. The achievements made 

by GDAM has paved way for indicating NIHL in workers before it becomes severe 

and cripples him or her for life. GDAM is also helpful in educating the blue collared 

employees to avoid noisy environments and remedies against exposure to excessive 

noise can be taken in the future to prevent hearing damage. 
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   CHAPTER 1 

INTRODUCTION 

1.1 Background of the Research 

In the last three decades, Malaysian Industry has progressed a lot and has not only 

benefited Malaysian citizens in many ways but it also has caused adverse health 

effects on the Malaysian industrial workers. One of the major occupational health 

problems that an Industrial worker faces today is Noise-Induced Hearing Loss 

(NIHL). Noise-Induced Hearing Loss (NIHL) usually occurs due to continuous 

exposure to the noise levels of 90 plus decibels emitting from the heavy machines.  

 

 Noise-Induced Hearing Loss (NIHL) is a common occupational health 

problem identified among the workers working in the textile plants, basic metal 

industry, chemical industry, beverages and non-metallic mineral product industry. It 

was revealed in 1990’s Audiometric (hearing loss test) survey by Department of 

Occupational Safety and Health, Malaysia (DOSH) that about 26.9 percent of 

industrial workers had a hearing threshold of 3000 - 6000 Hz which was greater than 

normal and 21.9 percent of workers were already suffering from detectable hearing 

loss (Leong, 2003). In another Audiometric test conducted at Stesen Janakuasa 

Sultan Ismail, Terengganu by Rizal (2002), it was revealed that Gas Turbine Station 

had the most number of NIHL effectees than Steam Turbine, Boiler or Pump Station. 

The test exposed that out of the 37 workers selected; about 39.6 percent of workers 

were already suffering from hearing loss. 
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 Human ear plays a vital role in the human body; it is not only a source of 

hearing in humans but it also helps human body in maintaining its balance. Any 

problem with the hearing ability damages the human’s life by reducing the quality of 

communication (Zaheeruddin & Jain, 2004). Noise-Induced Hearing Loss (NIHL) 

can be categorised as temporary or permanent, depending on how much 

sensorineural loss has occurred in the patient. Usually Noise-Induced Hearing Loss 

(NIHL) progresses unnoticed until it began to interfere with the communication and 

thus decreases the quality of life. 

  

 Seeing Noise-Induced Hearing Loss (NIHL) as a growing problem in the 

Malaysian Industry, Factories and Machinery (Noise Exposure) Regulations, 1989 

has been passed by Department of Occupational Safety and Health, Malaysia (DOSH) 

in order to control the level of noise to permissible limits. In line with this, employers 

are required to abide the following stated regulations; 

 

I. No Employee shall be exposed to noise level exceeding equivalent continuous 

sound level of 90 dB (A) or exceeding the limits specified in the first schedule 

or exceeding the daily dose of unity. 

II. No employee shall be exposed to noise level exceeding 115dB (A) at any time. 

III. No employee shall be exposed to impulsive noise exceeding a peak sound 

pressure level of 140 dB(A). 

 

 Noise-Induced Hearing Loss (NIHL) is found to cause many harmful effects 

in humans, but the latest improvements in Artificial Neural Networks (ANN) has 

paved way for researchers to predict various harmful effects of noise on humans such 

as human work efficiency in noisy environment (Zaheeruddin & Garima, 2005), 

speech interference in noisy environment (Zaheeruddin & Jain, 2005), noise induced 

sleep disturbance (Zaheeruddin & Jain, 2006), and noise induced annoyance 

(Zaheeruddin, 2006). Artificial Neural Networks (ANN) are modelled on the human 

brain and consists of processing units known as artificial neurons that can be trained 

to perform complex calculations like human brain. Unlike traditional methods in 

which an output is based on the input it gets, an Artificial Neural Networks (ANN) 

can be trained to store, recognize and estimate patterns without having the 
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information about the form of function (Zheng, Meng, & Gong, 1992, Kosko, 1994, 

Basheer & Hajmeer, 2000, Krasnopolsky & Chevallier, 2003, Coppin, 2004).  

 

 Artificial Neural Networks (ANN) techniques, particularly Back-Propagation 

Neural Network (BPNN) algorithm has been widely used as a tool for discovering a 

mapping function between a known set of input and output examples. Despite 

providing  effective solutions, the training process for an Back-Propagation Neural 

Network (BPNN) entail the designer to arbitrarily select parameters such as network 

topology, initial weights and biases, learning rate value, the activation function, value 

for gain in activation function and momentum. An improper choice of any of these 

parameters can result in slow convergence or even network paralysis, where the 

training process comes to a standstill or get trapped at local minima. Therefore, this 

research focuses on using Back-Propagation Neural Network (BPNN) model with an 

improvement on the momentum value to predict Noise-Induced Hearing Loss (NIHL) 

in industrial workers. Results from the prediction will be used in determining the 

noise hazards which directly influence the worker’s health. 

1.2 Problem Statement 

Back-Propagation Neural Network (BPNN) is a supervised learning Artificial Neural 

Network (ANN) algorithm. Due to its ability to learn by calculating the errors of the 

output layer to find the errors in the hidden layers, Back-Propagation Neural Network 

(BPNN) is highly suitable for problems in which no relationship is found between the 

outputs and inputs (Coppin, 2004). However, BPNN has got a problem of slow 

convergence and network stagnancy. Nazri (2007) proposed an improved algorithm 

known as GDM-AG which increased the accuracy in the convergence rate by making 

the gradient slope smoother with the introduction of adaptive gain value. It was 

discovered during this research that changing the momentum term adaptively also 

can affect the performance of the BP. Therefore, this study tries to investigate and 

further proposes a new algorithm that will use adaptive momentum to remove 

oscillations in the gradient path and at the same time will keep the gain value fixed 

for all trials (Rehman, Nazri, & Ghazali). This study will validate the accuracy of the 
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proposed algorithm by comparing with the conventional BPNN algorithm and GDM-

AG proposed by Nazri (2007), on selected classification problems. This study will 

prove the effectiveness of the proposed algorithm by predicting the Noise-Induced 

Hearing Loss (NIHL) in the workers of Tenaga National Berhad (TNB).  

1.3 Objectives of the Study 

This study encompasses the following three objectives: 

 

i. To propose an improved algorithm which improves the accuracy in the 

existing GDM-AG (Nazri, 2007) algorithm by choosing the optimal values 

for momentum coefficient.  

 

ii. To assess the performance accuracy of the proposed algorithm with the 

conventional BPNN and GDM-AG algorithms on selected benchmark 

classification problems. 

 

iii. To validate the proposed algorithm in predicting NIHL in Malaysian 

Industrial workers by using TNB data sets. 

1.4 Scope of the Study 

This study will focus on the use of improved BPNN to predict the level of Noise-

Induced Hearing Loss (NIHL) in human workers which will help regulatory bodies 

to take precautionary measures in-order to reduce excessive emitting noises from the 

machines in an industry, so that Noise-Induced Hearing Loss (NIHL) in human 

workers can be reduced and the smooth running of Industrial process can be ensured. 
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