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To know the type of bird, most people know from the shape of bird species and 
the sound of birds. In this study, it identified the pattern of bird sounds. The bird 
sounds studied were Canary Trills, Vulture and Crow birds. In the introduction 
of the type of bird sound pattern in this study using the Discrete Cosine 
Transform (DCT) method and Gaussian value. The researcher conducted 
several steps to get the sound model of birds, among others, namely (1) bird 
sound input in the form of WAV file, (2) Hamming Windowing, (3) Discrete 
Fourier Transform/Fast Fourier Transform, (4) Mel Bank Filter, (5) DCT, and 
(6) Value Gaussian. The output obtained is in the form of vector values and 
represented in graphical form. The results obtained in the study of pattern 
recognition of bird sound types get the results of observations in the same bird 
sound duration and frequency of the same, then the same pattern is obtained 
in the same bird as evidenced by calculating the closest distance value with 
Bray Curtis method. For the same duration of time and the length of the 
frequency that is not the same; it found that the pattern of bird sounds is not 
the same. 

  
 1. Introduction 

 Along with the development of speech recognition technology which is often called Speech Recognition or also 
called sound pattern recognition is very developed rapidly. In designation before the use of Speech Recognition is used 
for the technique of identifying someone based on sound [1]. The recognition of sound patterns is an automatic 
conversion spoken in the form of lip movements that can be read by the system [2]. The introduction of models in 
extraction forms widely used in sound pattern recognition was carried out by previous researchers [3]. To further develop 
Speech Recognition, this study uses bird sounds to find out information on bird species. The use of Speech Recognition 
is to recognize the digital signal patterns of bird sounds that matched with other types of bird sounds. Bird's voice digital 
signals in the form of sound waves converted into a set of digit digits extracted to get a specified pattern that can identify 
the bird species.  

For this study, the extraction of bird sound features using Discrete Cosine Transform, where previously the birds 
sound signal input was carried out by the Hamming Windowing process, Discrete Fourier Transform (DFT) / Fast Fourier 
Transform (FFT), Mel Filter Bank Processing, and finally DCT. The process of this research is almost the same as the 
research using the MFCC (Mel-Frequency spectrum Coefficient) method [3]. MFCC is a speech recognition method 
that has the highest working principle of human [4]. However, the research process lies in not using the frame blocking 
process because this study calculates all the whole sound of birds without dividing the sound process into several 
frames and one frame from several samples. The researcher used the DCT process to return the frequency domain 
signal to the time domain. The results of this process produce spectrum [3]. The results obtained from the extraction of 
DCT features are in the form of an acoustic vector sequence.  

  The result of the next stage is the sequence of bird sound acoustic vectors carried out in the process of 
calculating the Gaussian value. Gaussian values and standard deviations are used as values to determine the pattern 
of bird sounds. The researcher uses sound patterns from the Gaussian values as training data or testing data. 

. 
2. Research Method 

The use of the DCT method in this study, carried out several processes or stages of sound pattern recognition 
starting from Hamming Windowing, DFT / FFT, filtering the bank and DCT filters. To find out the process of swallowing 
the type of bird sound pattern can be seen in Figure 1. 
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Figure 1. Block Diagram of Bird Type Sound Pattern Recognition 

 
In the Block Diagram of Bird Type Sound Pattern Recognition Figure 1, there is a feature extraction process to 

find out the acoustic model which can find out the sound pattern in the form of vector values or input sound pattern 
graphics. These sound bird patterns will be observed based on the type of bird. 
 
2.1. Hamming Windowing 

Using Hamming Windowing as a form of window that is blocked in the extraction chain feature and integrates all 
the closest frequency lines. The definition of Window as W (n), n = 0,1,2, ... N-1, the result of signal Windowing is shown 
in Equation 1 [5]. 
 

𝑌⌊𝑛⌋ = 𝑋⌊𝑛⌋ ∗ 𝑊⌊𝑛⌋ (1) 

 
The results of Hamming Windowing produce level that is not too high (approximately -43 dB), and noise that is 

not too large. Use of the Hamming Windowing equation in Equation 2 [5].  
 

𝑊(𝑛) = 0.54 − 0.46 cos [
2𝜋𝑛

𝑁 − 1
] (2) 

 
2.2 Discrete Fourier Transform (DFT) / Fast Fourier Transform (FFT) 

The researcher performs the DFT calculation process by analyzing the frequency of the discrete time signal x (n) 
in the form of vector values [6], it is necessary to do the DFT calculation process. The researcher formulated the use of 
DFT as shown in Equation 3.  
 

𝑋[𝑘] = ∑ 𝑥[𝑛]𝑒−𝑗2𝜋𝑛[
𝑘
𝑁] , 0 ≤ 𝑘 ≤ 𝑁 − 1

𝑁−1

𝑛=0

 (3) 

 
From Equation 3, Sound signal formation in the time domain uses frequency. The use of DFT in the form of FFT 

analysis on the voice data signal into the time domain becomes a data spectrum in the frequency domain [7]. 
The use of DFT calculations directly in computing is very long because the calculation requires N2 multiplication 

of complex numbers. To overcome this problem by using the FFT method. FFT has a complexity of X (N Log2 N), so 
the use of FFT saves calculation time, because there is a calculation of Log2 N, so that N does not occur the square of 
two. 
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2.3 Mel Filter Bank 
Mel Filter Bank is used to convert sound signals in the frequency domain to the frequency domain mel and shows 

several energy quantities in the frequency range available in each filter mel. The approach in calculating mel is in 
frequency f (Hz) in Equation 4 [8].  
 

𝐹(𝑀𝑒𝑙) = [2595 ∗ 𝑙𝑛[1 +
𝑓

700
) (4) 

 
For calculating filter banks use convolution representation in performing filter signals. The use of convolution by 

multiplying the signal spectrum and the filter bank coefficient value. The used of filterbank in Equation 5.  
 

𝑌[𝑖] =  ∑ 𝑆[𝑗]𝐻𝑖

𝑁𝑠

𝑗=1

[𝑗] (5) 

 
2.4 Discrete Cosine Transform (DCT) 

From the results of Mel Filter bank, a power spectrum is reprocessed using DCT to obtain an acoustic vector 
value [9]. The DCT equation in Equation 6.  
 

𝐶𝑛 =  ∑ (𝐿𝑜𝑔𝑆𝐾)𝑐𝑜𝑠 [𝑛 (𝑘 −
1

2
)

𝜋

𝐾
]

𝐾

𝐾=1

; 𝑛 = 1,2, . . 𝐾 (6) 

 
The researcher removes the DCT coefficient value to zero even though it indicates the value of the frame signal 

[8]. Elimination of zero costs because previous studies conducted are not reliable on speech recognition [10].  
 

2.5 Gaussian 
This study uses the standard deviation (𝜎2) and mean µ with the gaussian equation with the aim of getting the 

normal distribution value in the DCT vector Equation 7 [11].  
 

𝑓𝑥(𝑥) =
1

√2𝜋𝜎
𝑒𝑥𝑝 [−

(𝑥 − 𝜇)2

2𝜎2
] , −∞ < 𝑥 < ∞ (7) 

 
In Equation 7, the Gaussian value can show too random and uneven values, so the Gaussian value makes it 

easier for researchers to know the characteristics of bird sound signals used for research.  
 

2.6 Bray Curtis 
 In a study using the Bray Curtis method to find out the similarity of data from the type of bird sounds. Bray Curtis' 

calculation is not the closest distance calculation, because it does not fulfill the value of the triangle equation vector. 
Therefore, Bray Curtis called Bray Curtis for data inequality/similarity Equation 8 [12]. 
 

𝑗(𝑣1, 𝑣2) =  
∑ |𝑣1(𝑘) − 𝑣2(𝑘)|𝑁

𝑘=1

∑ 𝑣1(𝑘) +𝑁
𝑘=1 ∑ 𝑣2(𝑘)𝑁

𝑘=1

 (8) 

 
3. Results and Discussion 

The data used in the study were bird sounds consisting of bird species such as Canary Thrills, Vulture, and Crow. 
Sound data of this type of bird with a duration of time from 1 to 2 second (s). 
 
3.1 Birds Sound Input Data 

The researcher used the sound of bird types WAV file format as input data. The WAV file format belongs to 
Microsoft from the RIFF specification section which is used to store multimedia files. The file has two parts, namely the 
header and the chunk data. The WAV file section consists of 3 parts, namely the main chunk, chunk format, and chunk 
data. 

The value obtained from the WAV file in discrete form is a series of numbers that represent the amplitude in the 
time domain. In the header section, there is information about the value of the sample rate, number of channels, and 
bits per sample. Table 1 shows the initial report on bird type sound data for initial details. 
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Table 1. Example of Bird Sound Input Data  

Voice Data Information 

File Name Bird007 
Format WAVE 

Bird Species Canary Trills 
Chunk ID RIFF 

Chunk Size 27796 
Sample Rate 8000 

Byre Rate 32000 
Bits per Sample 16 

Data Length 27760 

 
The value of the voice signal in the discrete form represented in the form of a signal graph made from the Delphi 

programming language. The results of the chart in Figure 2. In Figure 2 the signal is divided into two, namely the left 
signal and the right signal. 

 

 
Figure 2. Bird Sound Amplitude Signal (bird007) 

 
3.2 Feature Extraction 

The birds sound signal is carried out by the Hamming Windowing process before the DFT / FFT process is carried 
out. The DFT / FFT process is used to analyze sound signals with a discrete value; the results obtained to show in 
Figure 3. 

After the results of DFT / FFT, the value is converted using the Mel Filter Bank method. This process produces a 
time-frequency domain signal into the Mel frequency domain using Equation 4 to create a Mel filter. The results obtained 
show some energy quantities in the range of frequencies that exist in each Mel filter. In Equation 5 for calculating Filter 
banks use convolution representation in performing filter signals. The results to show in Figure 4 which represents in 
graphical form. 

 

 
Figure 3. Bird Sound Graph In The Form of DFT/FFT 
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Figure 4. Signals for Mel Filter Bank 

 
 After the Mel Filter Bank process, the calculation is done using the DCT method. The DCT method is used to 

convert frequency domain signals to acoustic vector values which to show in Table 2 And to describe the results of the 
DCT in graphical form to show in Figure 5. 
 

Table 2. Sample Result of DCT Canary Thrills Bird Sounds 

Voice 
Data 

Frame 

1 2 3 4 5 6 7 

Bird007 0,0062 0,0065 0,0062 0,0066 0,0065 0,0063 0,0065 
Bird008 0,0059 0,0064 0,0064 0,0067 0,0068 0,0056 0,0056 

 

 
Figure 5. Graph DCT 

 
To get a proper analysis result, using equation seven the normalized Gaussian value can find out the 

characteristics of the DCT value results that have values that are too random and the distribution value is not evenly 
distributed. The results of the Gaussian value to show in Table 3. And for results that are easy to analyze can be 
represented in graphical form, the graph results to display in Figure 6.  

 
Table 3. Example of The Results of The Canary Thrills Bird Sound Gaussian Data 

Voice 
Data 

Frame 

1 2 3 4 5 6 7 

Bird007 8,9 8,6 8,9 8,5 8,6 8,8 7,9 
Bird008 8,9 8,4 8,7 8,4 8,2 8,7 7,9 
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3.3 Discussion 
The researcher used the Bay Curtis distance calculation method with Equation 8 to find out the similarities in the 

pattern recognition of bird sounds. For observations of the introduction of bird sound type patterns, there are three 
examples of experimental results. Calculation of the closest distance for the opening of bird sound type patterns using 
the Gaussian mean value and the average value of the Standard Deviation as the vector value. From the calculation of 
Bray Curtis distance can be seen in Table 4 for the type of bird sound with the same or similar pattern. And graphs for 
sound patterns with the same can be seen in Figure 6.  

 
Table 4. Example of The Same Bird Sound Pattern Data 

 Voice Data Information 

Bird007 Canary Thrills 
Bird008 Canary Thrills 
Gaussian Average 
Bird007 

8,6 

Gaussian Average 
Bird008 

8,5 

SD 007 3,1 
SD 008 3 
Time 007 1 s 
Time 008 1 s 
Frame Length 
Bird007 

7 

Frame Length 
Bird008 

7 

The Closest Distance 
Value 

0,01 

 

 
Figure 6. Graph of The Canary Thrills Sound Pattern (Gaussian Value)  

 
The observations for the sound data of bird species that are not the same are the types of Vulture birds. The kind 

of sound of the Vulture bird in this study is the same as the type of Crow bird sound. From the observation of the sound 
patterns of the Vulture birds that were the same as Crow's, it was due to Vulture's and Crow's voice recording time 
being the same as 1 s. As for other observations on the frame length of the DCT result, there are 3 (three). Examples 
of research results on the types of Vulture and Crow birds to show in Table 5, Table 6, and Table 7. 

 
Table 5. Example of Bird003 Bird Sound Data 

 Voice Data Information 

Bird Name Vulture 
Gaussian Average 7,9 
SD Average 1,8 
Frame Length 22 
Time 2 s 

7.8

8

8.2

8.4

8.6

8.8

9

0 2 4 6 8

bird007

bird008
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Table 6. Example of Bird004 Bird Sound Data 

Voice Data Information 

Bird Name Vulture 
Gaussian Average 7,2 
SD Average 3,6 
Frame Length 3 
Time 1 s 

 
Table 7. Example of Bird005 Bird Sound Data 

Voice Data Information 

Bird Name Crow 
Gaussian Average 7,2 
SD Average 3,6 
Frame Length 3 
Time 1 s 

 
To calculate the closest distance using the Bray Curtis method on the type of Vulture and Crow birds that are 

closest to Vulture (Bird004) and Crow (Bird005) sound files, with a value of 0, while comparing the Vulture (Bird003) 
bird sound type with Vulture (Bird004) with the closest amount of 0.12. The graph pattern of Vulture (Bird003) and 
Vulture (Bird004) birds to show in Figure 7. 

 

 
Figure 7. Vulture (Bird003) and Vulture (Bird004) Bird Sound Pattern Charts 

 
4. Conclusion 

From the results of the research obtained to find out the pattern recognition of bird sounds, can be summarized 
as follows. For the same pattern recognition of bird sounds caused by the same frame length and time or sound duration, 
in Canary Trills bird data with the closest distance value of Bray Curtis 0.01. For sound patterns that are not the same 
due to frame length and time or duration that are not the same. Suggestions expected in this study are to obtain a good 
pattern of bird sound recognition so that the period of sound time is expected to be the same so that for the addition of 
the method it is recommended to use frame blocking in the MFCC method model to be able to eliminate low-frequency 
values. 

 
5. Notation 
The example of mathematics described with the following description: 
n : the number of data 
N : the amount of data/frame. 

𝜇 : the average value of data (Mean). 

F : Frequency. 
Y[n] : Windowing 
W[n] : Hamming Windowing. 
X[k] : DFT 
k : the number of data 
f(mel) : Mel Frequency 
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Y[i] : FilterBank 
Cn : DCT 
Fx(x) : Gaussian 
𝜎 : Standar Deviasi 

𝛱 : pi 
Vi : Vector value 
J(v1,v2): Distance value Bray Curtis 
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