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Abstract 

As the side effect of urbanization, acoustic noise from various sources is the most 

common health threat in our day-to-day life. Passive noise control methods are 

constrained by several factors such as frequency content of noise, absorbing material type, 

thickness and geometry. Alternatively, active noise control method has emerged as a 

promising solution to control low-frequency noise cost-effectively. In an active noise 

control system, the acoustic path from the control source to the error microphone affects 

the control performance. If the reference microphone is placed in close proximity of the 

control source, an unwanted acoustic feedback signal from the control source will be 

captured by the reference microphone, which may lead to system instability. Furthermore, 

the adaptive control algorithms have a high computational complexity, which limits its 

application with high sampling frequency and the scalability of a control system for 

generating a larger quiet zone. Various algorithms have been proposed in literature for 

modelling acoustic paths, low-complexity implementation of single and multiple channel 

control systems. However, they are still constrained by factors such as computational 

complexity, noise reduction performance, causality issue and stability issue.  

    The objectives of this PhD research are to develop low-complexity algorithms for (1) 

online modelling of acoustic paths without affecting noise reduction performance, (2) 

achieving improved control performance at transient and steady state, (3) high sampling 

frequency operation and broadband noise control and (4) multiple channel decentralized 

algorithm for broadband noise control.  

    In the first aspect of this thesis, the online modelling of secondary path and feedback 

path are explored and two active control methods are proposed. One method is for online 

modelling of secondary path, and the other is for online modelling of feedback path. 
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Unlike the existing methods in literature, the proposed methods do not require auxiliary 

noise injection, rather uses the control signal and decorrelation filters to model the 

acoustic paths. The simulation results demonstrate the improved control performance and 

low computational complexity of the proposed method compared to the existing methods 

in literature.  

    In the second aspect of this thesis, an affine combination of adaptive filters are 

investigated for active control operation. Unlike the convex combination, the combining 

parameter in this linear combination is not constrained to lie in a specific interval and 

plays a vital role in deciding the overall control performance. An adaptation rule is 

developed for updating the combining parameter. The simulation results demonstrate that 

the proposed algorithm provides faster convergence and improved steady-state control 

performance.  

    In the third aspect of this thesis, a time-frequency domain flexible structure is proposed 

for active control operation, which has no signal path delay and is well suited for low-

cost DSP implementation. The proposed structure divides the long filters into many equal 

partitions and carry out the control filter update in frequency domain while generating the 

control signal in both time and frequency domains. The simulation results using the 

measured acoustic paths in a duct and in a normal room demonstrate that the proposed 

structure maintains similar performance as that of the time domain algorithm but with 

much less computational complexity. 

    In the last aspect of this thesis, a multiple channel decentralized control algorithm is 

proposed to achieve the similar noise reduction performance as the centralized one. 

Auxiliary filters are introduced to filter the reference signal for control filter update and 

a unique design method is proposed to shape the frequency response of the auxiliary 
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filters. The simulation results using the measured acoustic paths demonstrate the efficacy 

of the proposed algorithm for broadband noise control.  

    In summary, online acoustic path modelling methods are proposed using the control 

signal; an affine combination of adaptive filters are proposed for improved control 

performance; a time-frequency domain flexible structure is proposed for active control 

operation for high sampling frequency operation; a decentralized algorithm is proposed 

to achieve similar noise reduction performance as the centralized one for broadband 

control.  

Keywords: Active control system, online secondary path modelling, online feedback path 

modelling, computational complexity, decentralized control.     
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