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ABSTRACT

Noises and echo are significant variables that affect the quality of the sound in the meeting
rooms and theaters. It causes an unnatural sound and a lower-quality sound. To design a meeting
room or a theater, it is necessary to consider the sound quality from the sound sources to the audience
in a different location. This study proposes the way of studying and improving the speech signal
quality in the meeting room by using Fast Fourier Transform (FFT) with Finite Impulse Response
(FIR) filter.

In the experiment, speech signal was recorded from 54 points from the same source in the
meeting room. The FFT technique was used to analyze the frequencies of the speech by 1) the
comparison of all signals and 2) the comparison from the frame-to-frame. The band pass filter was
then designed by using FIR filter to filter frequency error and compare the original sound in each
position.

The results show that FFT technique, which is used to analysis of the speech frequencies,
provides more accuracy when using the frame-to-frame comparison. Moreover the lower 500 Hz and
higher 2.5 kHz are the bandwidth error at the low and high frequency respectively. The band pass
filter, which designed by using FIR filter, was then used to compare and adjust the speech signal at
the approximately range 70.77%.

Keywords: speech signal quality, fast fourier transform, finite impulse response filter
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Single-Sided Amplitude Spectrum of X(1)
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Frequency Analysis of Speech and Resonance Speech using FFT
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Abstract

This article pi an analysis of the frequency error in
speech and resonance signal to improve the speech quality. Those
frequency are the non-stationary and non-periodic signal. The Fast
Fourier Transform is applied to this experiment to determine the
frequency of speech and resonance speech. There are 54 speech position,
which each position is located in 1 square meter, to use as input signal.
Also the results are compared to the original speech. The results show
that the low frequencies of the speech signal give an error more than the
high frequencies specially in the far location and the corner of the room.
Therefore, these analysis results will be more focus to improve the speech

quality of meeting room.

Keywords : Fast Fourier Transform, Reverberations, Speech processing
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Message from President of
Rajamangala University of Technology Thanyaburi

Electrical Engineering Academic Association
of Thailand (EEAAT) in collaboration with
Rajamangala University of Technology
Thanyaburi (RMUTT), Thailand, is pleased to
host the international Electrical Engineering
Congress 2017 (iEECON2017). This
conference is not only giving an opportunity
for Thai and foreign researchers to present
and discuss their research works and update
their expertise but also to initially stimulate the development of research
works on electrical engineering. The program consists of six research
tasks; power and energy, communications, electronics & control, digital
signal processing, computer and information technology.

I would like to take this opportunity to express my sincere gratitude to the
plenary speakers for accepting our kind invitation. 1 deeply appreciate the
very strong support given by Electrical Engineering Academic Association
of Thailand. Thanks to the spirited works of the organizing committee, the
technical program committee, the invited speakers, and paper contributors
and excellent program have been assembled to cover a broad spectrum of
interesting topics.

I warmly welcome you to the iEECON2017 on March 8-10, 2017, Pattaya,
Thailand.

Pt

Associate Professor Prasert PINPATHOMRAT, Ph.D.
President of Rajamangala University of Technology Thanyaburi and
Honorary Advisory Chair of iEECON2017
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Message from President of
Electrical Engineering Academic Association of Thailand

It is such a great honor to have Rajamangala
University of Technology Thanyaburi (RMUTT) to
host the 2017 International Electrical Engineering
Congress (iEECON2017) with the Electrical
Engineering Academic Association (Thailand),
EEAAT.

On behalf of EEAAT, we would like to express our
warm welcome to all participants of the
iEECON2017. So far the conference has been
expanded in its scientific contents as well as the
academic network. Currently, this congress is aiming at realization of smart
mobility for smart future. We sincerely hope that the conference gives a
good opportunity for participants to share their knowledge and widen their
collaboration research. We also would like to extend sincere thanks to all
participants as well as the IEECON2017 organizers who made the congress
possibly successful.

The iEECON2017 is an ambitious symposium covering an unusually broad
range of science related to electrical engineering, which promise lifestyle
improvements. We assure you will find this time fruitful and gain new
perspectives and inspiration for your research idea and network.

v 1/ a4 / =
\/ ,‘.‘:’,\ ot

E\
t'\

Associate Professor Athikom ROEKSABUTR, Ph.D.
President of the Electrical Engineering Academic Association (Thailand),
EEAAT
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Message from Dean of Faculty of Engineering, RMUTT

Rajamangala  University of  Technology
Thanyaburi (RMUTT) is pleased to host the
international Electrical Engineering Congress
2017 (iEECON2017). Faculty of Engineering,
RMUTT has a major mission on encouraging and
supporting all areas of research. One of the key
reasons is to assist in developing capability in
science and technology in order to cope with
recent rapid change in this field. We have jointly
set up an academic symposium on the
iEECON2017 with the perception on the significance of exchanging
knowledge and research experiences between researchers in the field of
electrical engineering. This symposium is not only giving an opportunity for
Thai and foreign researcher to present and discussion their research works
and update their expertise but also to initially stimulate the development of
research works on electrical engineering. Once the cooperation among
researchers has been created, the closer future cooperation incorporate with
joint-research works will be developed. Thus, to support the aforesaid role,
the symposium working committee would like to express our sincere thanks
to the organizing committee, participants and contributors for your kind
corporation to this symposium. I wish this conference proceeding will be a
useful reference for future scientific research development.

- i / //
E W

Assistant Professor Sivakorn ANGTHONG, Ph.D.
Dean of Faculty of Engineering, RMUTT and
Honorary Advisory Co-Chair of iIEECON2017
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Message from General Chair of iEECON2017

It is our great pleasure to welcome all of the
participants to the international Electrical

Engineering Congress 2017 (iIEECON2017) in @
Pattaya, on March 8-10, 2017 that is organized by '
Rajamangala University of  Technology
Thanyaburi (RMUTT) and the Electrical
Engineering Academic Association (Thailand)-
EEAAT. The technical program of iEECON2017
covers topics of all electrical engineering areas
under “Smart Mobility for Smart Future” theme
including power and energy, communications, electronics & control, digital
signal processing, computer and information technology field of research.
Over 270 submission papers were made mainly from 19 countries around
the world, and the technical program committee selected 207 papers for oral
presentation. Presentations for accepted papers are organized into 34
sessions in the three days conference presentation at holiday Inn Hotel. All
submitted papers were reviewed by these members about 190 members.
Based on the scores of the review reports, acceptance and rejection of the
submitted papers, and the assignment of the accepted papers to oral sessions
were determined. This number of papers is quite large enough to bring
together researchers, engineers, students, and others to present and discuss
their works on electrical engineering and related topics.

We are grateful to all of the authors, reviewers, and members of the
technical program committee for their enthusiastic efforts and contributions.
Handling of submission and review of papers could not completed along a
tight schedule without their helps and cooperation. We also appreciate the
great effort by session chairs who accept our request 1o manage sessions of
the conference.

Finally, we would like to express our sincere gratitude to all participants of
iEECON2017. Their contributions are indispensable for the success of the
conference.

Enjoy your stay in Pattaya!

K Rlrkitipich

Associate Professor Krischonme BHUMKITTIPICH, D.Eng.
General Chair of iEECON2017
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Message from Technical Program Chair of iEECON2017

The 2017 International Electrical Engineering
Congress (iEECON2017) is the fifth year premier
international conference organized by the Electrical
Engineering Academic Association Thailand,
(EEAAT). Faculty of Engineering, Rajamangala
University of Technology Thanyaburi (RMUTT)
has a major mission on encouraging and supporting
all areas of research, therefore, we are very pleased
to host the iIEECON2017.

As the Technical Program Chair (TPC) of iEECON2017, I would like to
report you that there are totally 270 submitted papers to the iEECON2017
from 19 counties around the world. With our strong 190 guest reviewers,
only 206 papers are accepted to the iEECON2017, the percentage of
acceptance is 76%.

From this key reason, it is the perception on the significance of exchanging
knowledge and research experiences between researcher in the field of
electrical engineering technologies and related fields. 1 believe that the
iEECON2017 will not be only giving an opportunity for researchers to
present and discuss their research works and update their expertise but also
to initially stimulating the cooperation among them. Only the closer future
cooperation with joint-research works will be able to cope with recent rapid
change in the fields.

On behalf of TPC, T would like to express our sincere thanks to all authors
for your kind effort preparing your valuable manuscript to this conference. 1
am sure that the iEECON2017 will be successfully managed and the
proceeding will be also a useful reference for future research development.

oL

Associate Professor Boonyang PLANGKLANG, Dr.-Ing.
Technical Program Chair of iEECON2017
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Improving the quality of the speech signal using a
FIR band pass filter with Fast Fourier Transform

Ackkarat Suksukont
Signal Processing Research Laboratory
Department of Electronics and Telecommunication
Engineering, Faculty of Engineering
RMUTT, Pathumthani
aekkarat_s@mail.rmutt.ac.th'

Abstract— Noise and echo is a key factor for the quality of
speech signal that the listener will be less effective. This article
proposes an improving the quality of speech signal using FIR
band pass filter with Fast Fourier Transform (FFT) to filter
the noise and echo signal. Each speech signal from 54 positions
in a room is used to be the input signal in this experiment.
These speech signal are then pass through the FIR band pass
filter N = 80 and also uses the FFT to analysis the frequency
speech. The experiment results show that the FIR band pass
filter N = 80 can reduce the noise and echo speech signal in the
range of 500 Hz - 2.5 kHz when comparing in the frequency
domain with FFT. It provides the approximately 80%
improving of the quality speech signal.

Keywords—Finite Impulse Response; Band-Pass Fitter;
Fast Fourier Transform; Speech processing

1. INTRODUCTION

An integrated speech signal processing system which
provides adaptive noise cancellation, speech echo
cancellation, and adaptive active noise control for improving
speech quality is developed. Those technique can be
exploited to music hall, meeting room and classroom. Many
variable factors are effected to the quality of speech or sound
which it takes into account for many research.

The Finite Impulse Response (FIR) digital filter banks is
employed for Speech Analysis [1]. This research is designed
band pass filter which based on the unique properties of
filtering windowing by determining the flexibility of the
frequency and bandwidth of each filter. Moreover, The FIR
filters are used for speech analysis and synthesis [2]. It used
the simulate spectrum A and B in FIR to analyst and
synthesis speech signal and then analyzed for parameters
comparison. Also a comparison of FIR filter bank design
methods with applications to intelligibility enhancement of
noise-corrupted speech signals [3]. An acoustic echo
canceller with sub-band noise cancelling that employs a
cascade configuration is proposed [4]. The adaptation
control adopted to match the occurrence of intermittent
speech/echo and continuous room noise using the NLMS
algorithm is very effective in echo and noise cancellation.
Also, an integrated acoustic signal processing system which
provides adaptive noise cancellation, acoustic echo
cancellation, and adaptive active noise control for hands-
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free cellular phones is developed [5]. This system provides
high-quality, full-duplex voice communication, and reduces
the acoustic noise inside an automobile. The integration of
this system with the existing automobile audio system
reduces the overall system cost. The musical interference
suppression (MIS) process is developed to cancel the
interference of the music while updating the coefficients of
the adaptive filters. A novel method of performing acoustic
echo cancelling using microphone arrays is presented [6].
The method employs a digital self-calibrating microphone
system. The calibration process is a simple indirect on-site
calibration that adapts to the particulars of the acoustic
environment and the electronic equipment in use. Primarily
intended for hands-free telephones in automobiles, the
method  simultaneously  suppresses the  hands-free
loudspeaker and car noise. Clustering algorithms [7] are
used in data compression or coding to classify data into
groups with similar properties. This paper studies a new
clustering technique aimed at enhancing the performance of
the cluster process to provide more accuracy and also
endeavors to use as few cluster centers as possible to
represent the data group. Two clustering methods are
studied here and applied to the speech signal. A solutions
for combined feedback and noise suppression in hearing
aids are developed [8]. The techniques presented are based
on the generalized sidelobe canceller (GSC) and adaptive
feedback canceller (AFC), with a prediction error method
(PEM) adaptation to avoid speech distortion. Two possible
cascades of GSC-based noise reduction and AFC. The
adaptive algorithms [9] used for acoustic echo cancellation
(AEC) have to provide (1) high convergence rates and good
tracking capabilities, since the acoustic environments imply
very long and time-variant echo paths, and (2) low
misadjustment and robustness against background noise
variations and double-talk. The simulation results indicate
the good performance of the proposed algorithm as
compared to other members of the APA family. An FIR
implementation of zero frequency filtering of speech signals
is proposed [10]. This research discusses the advantages of
digital filter limit with precision and high stability. The
band-pass FIR filter design for speech signals order
optimization for frequency range of 300 Hz to 4000 Hz is
presented [11]. Sampling frequency and the amount of N in
a different sequence, which has delayed the process, are
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implemented. Speech emotion feature extraction using Fast
Fourier Transform (FFT) spectrum analysis for improve the
feature extraction process is proposed [12]. This article uses
the standard Berlin Database of Emotion Speech (BDES),
which is open source form website, to be the input signal. It
contains 7 emotions: anger, boredom, disgust, fear,
happiness, neutral and sadness. The results shown that these
speech emotion features requires the amplitude, magnitude
and pitch frequency to be the parameters of the speech
emotion recognition. It can suitable for the support vector
machine (SVM) for speech emotion recognition. Moreover,
a design criteria for FIR-based echo cancellers is presented
[13]. The most relevant impairment experienced by on-
channel repeaters (OCRs) in single frequency networks
scenarios is the presence of a coupling-channel between the
transmitting and receiving antennas, that generates
unwanted echoes. This phenomenon causes a degradation of
the repeated signal and, above all, could lead to the
instability of OCRs, owing to the positive feedback that
could result. For this reason, OCRs are usually equipped
with echo canceller units, aimed at removing the coupling
contributions. A room acoustics response modeling and
equalization with linear predictive coding and parametric
filter for speech and audio enhancement is presented [14].
LPC filter is employed by using the parameters to be
optimized for a Q and G Also frequency analysis of speech
and resonance speech using FFT is presented [15]. Speech
analysis of each position in the room are determined the
accuracy of the speech signal using a FFT.

This paper presents improving the quality of the speech
signal using a FIR band pass filter with Fast Fourier
transform. The frequency of the speech signal and the echo
in the room by filter the signal in different locations of this
meeting room.

1. METHODOLOGY

A. Finite Impulse Response

Finite Impulse Response filter (FIR) responses by a
certain time which it can identify that the response caused by
using of the exact sequence of numeric input. It has M
coefficients of each set {h[0], hfl],...,H[M-1]}. The final
results of the input can be expressed by the following
equation.

y(m) = TS5 hU)x(n — k) 0
Using theory of Z-Transform.

¥(2) = L5 h()x(2)z7* @)
Equation (2) into a function transfer.

H(z) = % =yr3h(k)z* 3)

Real-time processing can receive the signals into one
charge and the calculation of the output instantly without
waiting for the incoming signal.

Y(2) = h(0)X(2)+...+h(k)x(z)z ™ )
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Considering, the equation is the frequency response of
the filter.

Hy(@) = Zr-- ha(m)e 7" (%)
H,;(w) Frequency response of Finite Impulse Response

hq(n) Tmpulse response of Finite Impulse Response

s

g

——ry ‘.11.{1."’{III hx 1o TN

o~

Fig. 1. Freq
in the ideal.

p and the impul; p of the filter's low pass

Considering Figure 1 is a graph showing the frequency
response of a low pass filter with a frequency normalized @,
with the following equation.

i
f_fs

f is Frequency cut-off normalized

(6)

fz is Frequency cut-off
fsis Sampling

B. Fast Fourier Transform

Fast Fourier Transformation (FFT) is an offset to
calculate a shorter but still effective when compared to the
calculations by which complex. Where N is very valuable,
and simplify the complexity of the calculations by 2N? to
reduce the time away. It starts by dividing the bulk of the
data x(n) or reducing the frequency.

X(k) = Thzd x(n) e~ k= 0,.,N-1 (7)
N is the number of samples in one frame of the signal.
k is the order of the signal k = 1, 2,....k

Energy spectral density and power spectral density
analysis the spectral distribution of energy or power in the
speech signals in the term of frequency domain. The spectral
energy density can be obtained from the equation.

IXCHI2 = |50 x(m)e 27 m ®)

Power spectrum of x (m) can be converted to Fourier's
autocorrelation function of x (m) according to the equation.

XD = X)X ()

= zﬁ:—m Txx (m)e—jznfm

©
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In the case of variable r(m) is the autocorrelation of
x(m) conversion, fourier will find only the power of the
signal, which signal comprises a signal sampling at a
standstill, and the signal is steady state there long and endless
energy.

11I. EXPERIMENTAL
A. Experimental

The speech signals are recorded in the square position
which will have a total of 54 speech signal as show in fig. 2.

IV.RESULTS

When the speech signal is pass through to the finite
impulse response of band pass filter and fast fourier
transform, the results are as follows.

A 1
- - - - S

T i E e, i '[

- - - - - -

- - - - - -

- - - - - - T i
- - - - - -

- - - - - -

- - - - - -

29 ) % * <+ 27 18

Fig. 2. Recorder a meeting room 6 x 9 meters.

B. Pre — Processing

A speech signal has entered the pre-processing to analyze

the errors of the speech signal.
FFT
Signal Pre-Process FIR/BEF op
Fig. 3. Block diagram.

C. Finite Impulse Response

In experiments, a finite impulse response of band pass
filter is used to filter the noise frequency of the speech signal.
It shows that it has the frequency range between 500 Hz to |
kHz.

Fig 4. Design Band Pass filter.
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Fig. 5. Original speech signal.

Fig. 6. Speech signal using FIR filter.

TABLEL. RESULTS OF FILTER THE SPEECH SIGNAL THEN "N"

DIFFERENT

N Speech Signal using FIR filter Accuracy
H| |

10 | 25%
14 ) l b Ak

o A

30 " j 60 %
Eummu A e

50 | [ ] 50%
I R B i

80 y L | 80%
R e r""’*!’.j’“’}"* lacheod,

100 ; . 50 %
b T . k.‘:_u_‘“ t

The experiments show that the finite impulse response of
band pass filter frequency range 500 Hz - 2.5 kHz are
suitable and appropriate bandwidth for speech signal. The
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random N number of finite impulse response of band pass
filter is totally equaled N = 10, speech filter can be 25%.
If N = 30, speech filter can be 60%. Moreover if N = 50
speech filter can be 50%. Also if N = 80, speech filter can be
80% and N = 100 speech filter can be 50%, Therefore
number of N from 10 until 80 affects to the speech signal by
the number. If the number of N is least than 10, the speech
filter can be reduce the noise at least 20% only. If the number
N is greater than 100, it makes a delays and increase noise
into the speech signal.

V. CONCLUSIONS

This article presents an improving the quality of the
speech signal using a FIR band pass filter with Fast Fourier
Transform. The 54 speech signals in each square meter are
recorded using bandwidth frequency as 500 Hz - 2.5 kHz.
The results show that the 80% of noise can be filtered. The
finite impulse response can be applied to hardware
processing, real-time design crossover network and the
equalization to correct resonance and improve the quality of
speech signal for the meeting room.
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