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Abstract

This thesis describes the DSP implementation of active noise control
(ANC )system of ducts, fans and hands-free communication in car cabins. It is
divided into three main parts. The first part presents an active noise control system
for broadband cancellation of noise in ducts, where non-acoustical reference is
unavailable and thus the ANC structure is “spatially feedforward.” In this structure,
acoustic feedback that is known to be detrimental to system stability and
performance must be taken into account in control design. In this case, difficulties
generally arise in implementing the ideal controller, or the zero spillover controller
due to plant uncertainties. Alternatively, the controller is implemented through an
equivalent approach based on the optimal model matching principle. The algorithm
iIs implemented on a digital signal processor, using FIR, IIR and hybrid filters.
Experimental results indicated that the proposed controller was effective in
suppressing periodic noise and random noise source, without and with airflow. In
addition, directional transducers were shown to be useful in mitigating the adverse
effect of acoustic feedback and thus simplifying controller synthesis. An
application of broadband active noise control for engine exhaust systems using
spatially feedforward structure also is described in this section. Experiments are
carried out to evaluate the proposed system for reducing the noise at different
engine operating conditions.

The second part of this thesis describes two configurations of adaptive
feedforward ANC technique for reducing blade passing frequency (BPF) noise in
centrifugal fans. In one configuration, the control speaker is installed at the cutoff
region of the fan, while in the other configuration at the exit duct. The proposed
ANC system is based on the filtered-x least mean squares (FXLMS) algorithm
with multi-sine synthesized reference signal and frequency counting technology.
The system is implemented by using a digital signal processor. Experiments are
carried out to evaluate the proposed system for reducing the noise at the BPF and
its harmonics at various flow rates. The results of experiment indicated that the
ANC technique is effective in reducing the blade passing noise for two
configurations by using the feedforward adaptive control.

In the third part of this thesis describes the background noise reduction for
hands-free communication systems of car cabins using adaptive feedforward noise



control algorithm. For hands-free telephone system, the quality of communication
usually is effect by background noise such as engine noise and aerodynamic noise.
In the present study, a design for reducing car cabin periodic background noise
from engine and broadband random noise using adaptive feedforward control are
investigated. The algorithm is based on the well-known FXLMS with multi-sine
synthesized reference signal and frequency counting technology is implemented on
a DSP platform. Experimental results indicated that the proposed design was
effective suppressing 15 dB in periodic engine noise and 2-3 dB in broadband
random background noise.

The ANC system presented in the first part is essentially a fixed controller. To
enhance the practicality of the technique, future research will be focused on the
development of robust adaptive controllers to accommodate perturbations as well
as uncertainties in the system. Along the same line of the preliminary results, future
research will be focused on the following aspects. The robustness should be
optimally accounted for by using more sophisticated algorithms, e.g., H¥ in stead
of direct truncation of filters. Adaptive version of the ideal controller should be
developed to cope with ANC problems of time-varying systems.
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