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Overview of Speech Enhancement Techniques 
for Various Applications

* N B Umashankar ** Anand Jatti

The problem of enhancing speech degraded by uncorrelated additive noise, has recently achieved much attention. Speech 
enhancement is a long standing problem with numerous applications ranging from hearing aids, to coding and automatic 
recognition. Recently many speech enhancement algorithms are developed to deal to with noises from different environment. 
Powerful tools like MATLAB has made way for implementation of various complex algorithms. Various transform domain 
techniques like Wavelet transform, DCT etc has helped in designing of more powerful enhancement techniques. The advent 
of VLSI and DSPs has made speech enhancement techniques to be applied on portable devices like mobile phones etc. In 
this paper some software and hardware based techniques are discussed.

ABSTRACT

1. INTRODUCTION 
In modern hands free speech communication environments 
often occurs the situation that the speech signal is super-
posed by background noise ( Figure 1). This is particular 
the case if the speaker is not located as close as possible to 
the microphone. The speech signal intensity decreases with 
growing distance to the microphone. It is even possible that 
background noise sources are captured at a higher level than 
the speech signal. The noise distorts the speech and words 
are hardly intelligible. In order to improve the intelligibility and 
reduce the listeners (FES) stress by increasing the signal to 
noise ratio a noise reduction procedure also called speech 
enhancement algorithm is applied.

Figure 1 Enhancement of Speech Signal

Speech enhancement aims to improve speech quality in 
terms of clarity, intelligibility ,pleasantness or compatibility 
with some other method in speech processing. The require-
ments of noise reduction system for speech enhancement are 
intelligibility and naturalness of the enhanced signal, improve-
ment of signal to noise ratio, shirt signal delay and computa-
tional simplicity.

We live in noisy world! Enhancing of speech degraded by 
noise or noise reduction is used for many applications such 
as mobile phones , VoIP ,teleconferencing systems , speech 
recognition systems , hearing aids, Bio telemetry , Avionics: 
voice activated systems in cockpit , speech to text conver-
sion, for performance enhancement of speech codec and 
many more.

The algorithms of speech enhancement for noise reduction 
can be categorized into three fundamental classes: Filtering 
techniques, Spectral Restoration and Model based methods. 

The techniques can be classified as single channel and multi 
channel algorithms. The former technique apply to situation in 
which a unique acquisition channel is available as telephone 
based applications or prerecorded applications. The later 
technique is employed when multiple sources of signal are 
present.

2. SPEECH ENHANCEMENT METHODS
The central methods for enhancing speech are the removal 
of background noise, echo suppression and the process of 
artificially bringing certain frequencies into the speech signal.

First of all, every speech measurement performed in a 
natural environment contains some amount of echo. Echo 
suppression is needed in big halls to enhance the qual-
ity of the speech signal, especially if the distance between 
the microphone and the speaker is large. The background 
noise suppression is well known speech enhancement 
technique.

2.1 SOFTWARE BASED METHODS
The spectral subtractive algorithm is historically one of the 
first algorithms proposed for noise reduction. It is based on 
the principle that one can obtain an estimate of the clean sig-
nal spectrum by subtracting an estimate of the noise spec-
trum from the noisy speech spectrum. The performance of 
this technique depends on the correct estimation of noise. 

The noise estimation even during speech activity is a chal-
lenging talk. Many noise estimation algorithms are devel-
oped. Voice activity detection (VAD), it typically extract some 
type of feature ( example short time energy, zero crossing 
etc.,) from the input signal and compared against threshold 
value, usually determined during speech absent period, Mar-
tin’s noise estimation algorithm is based on tracing the mini-
mum of noisy speech power spectrum. MCRA-2 noise esti-
mation algorithm is based on the observation that the noise 
signal has non uniform effect on the spectrum of the speech 
[2][3]. Another class of speech enhancement techniques is 
signal subspace filtering. Here, a non parametric linear esti-
mate of the unknown clean speech signal is obtained, based 
on a decomposition of the observed noisy signal into mutually 
orthogonal speech and noise subspaces. Noise reduction is 
then obtained by nullifying the noise subspace.
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Modified Speech Enhancement (MSE), is a type of spectral 
subtraction method which includes the advantages of both 
parametric spectral subtraction (PSS) and relative spectral 
processing (RASTA) and it achieves improved quality and in-
telligibility in presence of simultaneous broad band and total 
noise [4].

Neural network and wavelet transform based speech en-
hancement techniques are developed. A method including 
adaptive linear neuron (ADALINE) to perform the task of 
noise cancellation is discussed using the LMS learning rule 
to adjust the synaptic weights to deal with different environ-
ment noises. This neural network in combination with wavelet 
transform also was studied [5].

The conventional power spectral subtraction method sub-
stantially reduces the noise levels in the noisy speech. But 
it also introduces an annoying distortion in the speech signal 
called musical noise. A time recursive estimation of the noise 
PSD is used to compare the multiband over subtraction fac-
tor in a nonlinear frequency spacing approach. This method 
achieved a very good speech quality with less musical noise 
and with minimal speech distortion [6].

2.2 HARDWARE BASED METHODS
The speech enhancement implementations should preferable 
be robust to the rough environment in which they are intended 
and versatility and flexibility are key features for speech en-
hancement devises. Example the ability to adapt to changing 
environment and fit into a variety of applications.

When the enhancement is to be applied in system which is 
not stationary, power consumption is a major factor to consid-
er. Design considering this factor is discussed in [7], which is 
a straight forward, robust and flexible, light weight and stand 
alone. This adaptive gain enhancement (AGE) algorithm was 
implemented on analog hardware using custom electronic 
components as shown in figure 2 The benefits of this algo-
rithm includes the data is neither quantized or digitalized, also 
it was a better solution for battery powered applications com-
pared to corresponding DSP based solutions.

 

Fig 2 Printed circuit board of the Adaptive Gain

Fig 3 Implementation process of speech enhancement sys-
tem Equalizer analog circuit implementation.

An embedded speech enhancement system is proposed in 
[8], a practical real time speech enhancement system. It is 
based on the TI TMS3205509A IC23B as the analog interface 
and EEPROM for program and data storage. Low power con-
sumption and high efficiency make this system suitable for 
portable devices. Figure shows the implementation

With the development of VLSI techniques and DSP, many 
practical speech enhancements are evolved. A fixed point de-
sign of the frequencies domain spectral subtraction enhance-
ment was implemented on a Xilinx Spartan-3A DSP FPGA. 
This fixed point FPGA implementation matched that of an 
equivalent floating point of an equivalent floating point ver-
sion running on a PC.

3.CONCLUSION
There are different speech enhancement techniques pro-
posed for different environment conditions and various appli-
cations. Depending on the computational complexity achiev-
able and power consumption considerations the techniques 
are chosen and implemented. The use of DSPs make real 
time implementations more effective. Thus speech enhance-
ment is a great area to explore especially designing algo-
rithms for portable applications.
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