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Abstract—Swiftlet is a valuable farming industry in South-
East Asia for earning foreign exchange. Many countries at this
region are competing with each other to localize this industry.
However, inviting the swiftlets into the farms based on
traditional bird-call playing involves a trial and error process.
This paper proposes a new technique to mechanize this process
using a spectrogram processing approach. A novel model has
been designed to recognize the bird-call and construct the
enrollment database. Then, a frequency-based processing of
swiftlet's sound waves based on the database was built with
real world swiftlet's sound waves. The proposed prototype can
be applied successfully to improve this industry.

Index Terms—Bird Call Recognition; Swiftlet Sound;
Synthesis Swiftlet Call; Frequency Domain Processing.

I. INTRODUCTION

Considering the main habitat of the swiftlets is at the South-
East of Asia, Malaysia located in this region has a big
potential for swiftlet farming. According to the Ministry of
Housing and Local Government, which provides guidelines
on swiftlet farming industry. Malaysia was the main
contributor of this industry in 2004, although some countries
such as Vietnam, China, Cambodia, Philippines and
Thailand are actively working on the swiftlet industry.

Some species of swiftlets that grow in a nest located near
the urban areas have a commercial value. To invite the
swiftlets to these farms, factors, such as such as humidity,
darkness, and sound need to be considered. Further, two
main sounds that should be played to attract the birds to the
farm include internal and external sounds. DWNP and Bird
Nest Association (BNA) provide a guideline for farmers to
give advice on the best time for playing the internal and
external sounds
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The main aim of this project is to develop a new
algorithm based on three processing stages: First,
identifying the bird calls through frequency domain using
signal processing methods, then detecting the direction of
the song, and finally synthesizing (generating) the signal of
the song by computer. The whole process is shown in Figure
1.
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Figure 1: General system block diagram

Currently, to attract the swiftlets, their chirping and
mating sound is captured from the cave, and this sound is
then played using an acoustic device in the swiftlet house.
This process is noisy because one sound may disrupt other
sounds. Moreover, this type of swiftlet sound production
lacks of any analysis as it is mainly based on trial-and-error
process. Figure 2(A) presents the swiftlet’s man-made house
in 3-D with a specific size, while Figure 2(B) shows the
name of each room in 2-D view. The swiftlets enter from the
open roof to the roving room, and finally aggregate in the
VIP rooms. Nowadays, swiftlet researchers investigate the
control of humidity and temperature of nesting house [1],
swiftlet hearing system [2], swiftlet habits [3] and swiftlet
attraction by sound [4]. However, sound must be studied
significantly due to following reasons: It is cheap and the
most attractive technique and this technique is partly
unknown from different viewpoints.
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Figure 2: 2-D and 3-D man-made swiftlet house with size and name of each room
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This paper studied various acoustic factors of swiftlet
signal to synthesis high quality sound that has attraction
ability. This paper is organized into six sections. The first
section discusses the swiftlet sound production. Due to
synthesis process of the swiftlet sound, the second part
discusses the hearing system in the swiftlet. The third
section reviews related works in this field. The fourth
section presents the methodology of the study and proposes
a swiftlet acoustic system. The fifth section discusses the
results, followed by the conclusion and future work, which
are drawn for the recombination future research approach.

Il. METHODOLOGY

Previously, T.A.Parker recorded the bird songs in
Amazon to identify the species, which reached to 85% of
recognition accuracy [5]. Another study has been done to
propose a learning technique for bio-acoustical as a tool for
species recognition [2]. For this purpose, the sounds of
birds, frogs, bats, and orthopnoea were studied. A Support
Vector Machine (SVM) approach was developed for bird
sound recognition, especially for the species recognition [6].
Other studies have developed Dynamic Time Warping
(DTW), Hidden Markova Model, and sinusoidal technique
[4-7]. Cornell Macaulay Sound Library is used as a database
to label and evaluate the learning systems. However, in
reality, there is always noise, which can degrade the
recognition rate.

In case of sound direction detection, researchers have

proposed a variety of methods based on time difference of
arrival (TDOA) Using microphone arrays, which are
spatially distributed microphones as the underlying principle
in sound localization, Byoungho, Youngjin and Youn-sik
proposed the sound source localization using the spatially
mapped GCC (generalized cross correlation) functions
based on TDOA [8]. Walworth et. al. proposed a linear
equation formulation for the estimation of the three-
dimensional (3-D) position of a wave source based on the
time delay values [9-12]. These studies aim to avoid some
effects on direction recognition that naturally comes from
topology of the array the direction estimation. Further, front-
back confusion effect can be solved by applying more
recorders for capturing the sounds, which help to determine
the source of the sounds [9].
Two major steps are developed in the proposed algorithm.
In the first step, a de-noising is applied on the swiftlet sound
to provide a significant frame of the swiftle signal for
processing. In the second step, these frames are processed
for recognition. For this purpose, Linear Predictive Analysis
(LPA) is applied on each frame to compute the LPCs as the
main features of the sound. Then, a SRNFN recognizers
system is built by applying fuzzy logics and If-then-else in
order to capture all of the temporal features. SRNFN can
successfully capture the temporal relations among the
frames, which improve the recognition among the swiftlet
species. The main criterion for evaluating the recognition
algorithm is the error of the SRNFN. To improve the
recognition, back propagation artificial neural network and
Takagi-Sugeno-Kang (TSK)-type recurrent fuzzy network
(TRFN) can be used. The recognition process is shown in
Figure 3.
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Figure 3: The block diagram of the proposed bird calls
Recognition system

In Figure 3, two phases of identification are shown. In
each phase, when the sound is recorded, it is divided into a
syllable, followed by the extraction of the form each syllable
feature. In the training phase, the features are used for
generating a codebook. Linear discrimination analysis is
also applied to select and reduce the size of the codebooks
for efficiency. Finally, the feature of the database is
constructed. However, in the testing phases, the extracted
features are then transformed by LDA to a proper space by
using a database, which is constructed in the training phase
before the result is identified.

The recognition of the direction of the Swiftlet’s sound
can be done using TDOA method. Estimating the time
difference between two or more microphones used to get the
sound of the birds will be based on Generalized Cross
Correlation (GCC) and a linear equation is used to estimate
the direction of the sound source. First, we get the result of
recognition system and use Matlab to perform our
algorithms of time difference between the microphones as
mentioned above. Secondly, the direction of the sound is
derived using a triangulation formula. Finally, we
implement the designed and simulated algorithms and use
them as part of the whole system.

The synthesis part will be based on the samples analyzed
in the recognition stage by extracting the pattern of the song
signal and applying some of digital processing techniques
(DSP) to add or subtract or manipulate many sound waves
to produce the desired song signal. In this paper, subtractive
synthesis technique will be tested to generate the song by
processing the amplitude value (al) and the frequency (f1)
as illustrated in the block diagram as shown in Figure 4. The
subtractive synthesis technique can be applied to some
additive partials by using some GUI software, like the
Harmor.
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Figure 4: System block diagrams
I1l. PROPOSED SYSTEM

Figure 5 presents the proposed system for the recognition
and synthesis of swiftlet call. The first sound of the swiftlet
is recognized based on acoustic features, and then it is
synthesized based on the recognition step. Finally, the
CCTV cameras are used to supervise the behavior of the
swiftlets.

Fourier and Linear Predictive (LP) transform are a strong
tool for analyzing the frequency domain of any signal. In
this research, Fast Fourier Transform (FFT) MATLAB
function is applied for analyzing the swiftlet signal. The
internal and external swiftlet sounds were recorded by Song
Meter (SM2), which can record the ultrasonic sound till 48
kHz. Figure 6 shows SM2 devices at the internal and
external position of the swiftlet bird-house. In this
experiment, every 2 seconds of swiflet calls were analyzed
to investigate the ultrasonic features in it. As shown in
Figure 7, the frequency is between 0-48KHhz. However,
there are two distinct peaks in the LP spectrum that is
beyond the human hearing, which are more than 20 kHz.

Furthermore, from the spectrogram, it is seen that there
are some frequencies, which are more than the human
hearing range (20 Hz to 20 kHz).

Figure 6: Internal and external swiftlet sound collection by SM2

IVV. SWIFTLET FREQUENCY SPECTRUM

Figure 8 shows the different frequency spectrum for the
different internal and external swiftlet sounds. As seen, the
higher frequency in the internal sound is more than the
external. These results demonstrate the results in [4]
because it seems all external frequency are limited between
the ranges of 1 KHz to 16 KHz. However, for internal sound
due to echo and more background noise, it is extended more
than 42 KHz.

Figure 9 presents the spectrogram for the internal and
external sound of the different swiftlet species. Further,
specific pattern is available for each sound. Many syllables
shapes, such as U, /, \, - and n may be extracted from the
spectrogram for the identification and synthesis process.
Moreover, the noise appears more in the internal sound than
the external sound. Furthermore, other information such as
average silence time interval between syllables, clear or
noisy frequency structure and number of rattles (short
clicks) could be found from the spectrogram processing.
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Figure 7: Swiftlet spectrogram, Fourier and LP spectral from 0 Hz to 48 kHz

e-ISSN: 2289-8131 Vol. 9 No. 1-3 91



Journal of Telecommunication, Electronic and Computer Engineering

x10° External sound

Amplitude
o N & O
¢

L

0 05 1 15 2 25 3 35 4 45
Frequency 10

%107 Extemnal sound

3
s
< 2p 1
£ M ]
S
0 . . : ;
0 0.5 1 15 2 25 3 35 4 45
Frequency w10t
External sound
0.015 . . T T : . . T
2 oo1f E
£ 0005 g
<T
0 . . A :
0 0.5 1 15 2 25 3 35 4 45

Frequency *x10%

* 107 Extemnal sound

Amplitude

Amplitude
o N B o®
$ L

Frequency

Frequency

Frequency

0.1 02 03 04 05 06

Frequency

0.1 0.2 0.3 0.4 0.5 0.6
Time

Internal sound

" WM@W ]
0 ‘ P W ‘

0 05 1 15 2 25 3 35 1 45
Frequency 1ot

Amplitude

x 107 Internal sound

6
s
g ap .
£ WMWM 1
=
o . A \ | . ) | !
0 0.5 1 15 2 25 3 E 1 15
Frequency 10t
0% Intemal sound

Amplitude
o 4 o ow
L

0 05 1 15 2 25 3 35 4 45
Frequency x 10"

x 107 Intemnal sound

Frequency

Frequency

Frequency

Frequency

Time

Figure 9: Spectrogram shapes for different swiftlet internal and external sound

V. CONCLUSION AND FUTURE WORK

Swiftlet industry has a good potential to be invested by
governments and organization. The main limitation is the
traditional process could not be invested in high scale. This
paper proposed a new system to improve the traditional
swiftlet calling system by frequency-based processing of the
swiftlet's sound waves based on the database built with the
real swiftlet's sound waves. Further, the success of the
proposed system will give big impact to the swiftlets
industry, especially in Malaysia and Asia’s country by
eliminating the noisy voice produced by current systems (in
the market). Therefore, the detection, recognition, and
synthesis of the swiftlet sound can be performed by the
proposed system. In addition, these processes must be done
through a spectrogram analysis.

The frequency-based processing of the swiftlet's sound
waves has been presented. For future trend, it is potentially
applicable to the study of swarm dynamics in a population.
They have similar mechanisms, like the "influence of the
number of topologically interacting neighbors on swarm

dynamics"”. Providing a comment/remark on this possible
extension could also be another trend.

In recent years, many companies and government are
investing on various swiftlet research areas. Currently, many
swiftlet’s research are continuing and undergoing in
University Putra Malaysia (UPM). This research is funded
by UPM.
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