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Abstract:

This research aims to develop a system capable of processing voice input to recognize Al-
Quran reading by recitation of Tajwid, using wavelet signal extraction and classification
of Tajwid rules using ANFIS. The process stages include data acquisition, audio data pre-
processing, extraction using wavelet packets, division of training data and test data, and
classification. The data obtained were 20 observations from 10 observations carried out
in data pre-processing. The wavelet decomposition process produces six main features
as ANFIS input variables and 64 rules. Then the data was separated into 17 observations
for training data and three for testing data. The test results obtained from the training
that had been carried out produced plots that were too fit; in this experiment, the
WPANFIS classification model got 100% appropriate classification and SSE values that
were the same as the training result, 0.00081225.
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1. INTRODUCTION

According to Tajweed law, the Al-Qur'an must be read with good and correct
pronunciation [1]. All rules and regulations for reading the Al-Qur’an are called the
Science of Tajweed. Understanding and study earnestly will give Muslims good and
correct abilities to read the Al-Qur’an and make it enjoyable to listen to [2]. Studying the
Al-Qur’an requires being with a teacher and extensive training until the trainee reaches
the appropriate skills. By looking at the process of learning the Al-Qur’an, participants
also need more time to study and practice from meetings with the teacher. This situation
can be supported more intensively with a system that can recognize and correct mistakes
made by students of the Al-Qur’an when reading it.

Based on research conducted on 20 students taking the Al-Quran Tilawah (Reading
the Al-Quran) level 2 course, there were a number of errors in reading the Al-Quran. The
value 29% of errors is in the pronunciation of letters (makhraj and nature), 23% of errors
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in applying targiq wa tafkhim (thick-thin), 23% of errors in reading in the rules of ghunnah
(pronunciation and non-pronunciation), errors in mad as much as 14% of the reading,
8% of errors are in reading letters and their meanings (punctuation marks), and 3% of
errors are in waqf wa ibtida’ (stopping and starting) [3]. In this problem, it is necessary to
carry out research related to voice recognition technology. Speech recognition
techniques are widely used and focus on spoken words to obtain results through spoken
sounds or dialect pronunciation [4].

The proposed method for identifying errors in recitation recognition uses a Wavelet
Packet Adaptive Network based on Fuzzy Inference Systems (WPANFIS) [5]. Wavelet
and wavelet packet analysis have been proven effective signal-processing techniques for
various signal-processing problems and are designed for speech/voice recognition
purposes [6]. The ANFIS method has the linguistic capabilities of fuzzy systems and
neural networks' learning and parallel computing capabilities [7].

This research aims to develop a system that is capable of processing voice input for
the recognition of Al-Quran reading in the form of Tajwid pronunciation, using wavelet
signal extraction and classification of Tajweed rules using a Wavelet Packet Adaptive
Network Based on Fuzzy Inference Systems. Some of the previous research, specifically
on the analysis of each, has provided a sharp analysis of the Wavelet Packet Adaptive
Network [14-18] and the application of the ANFIS method [19-22].

2. THEORY

Voice recognition is part of artificial intelligence technology [8]. In this section, the
author will provide information related to supporting theories in conducting this
research.

2.1 Tajweed

The meaning of Tajweed is an improvement. In its truest sense, it articulates each letter
from its point of articulation and assigns rights and obligations. Reading the Qur’an
without using tajwid and consistent practice will help you achieve perfect reading. With
advances in information technology and artificial intelligence techniques, many Al-Quran
applications have been developed for both computer and mobile devices to help the

Tajweed learning process [9].

2.2 Voice Recognition

Voice recognition is a technology that allows computers or electronic devices to
receive and identify voice input from users. This technology is widely used to make
things easier for users to control electronic devices, autofill forms, or help transcribe voice

into text [10].

2.3 Wavelet Packet Decomposition

Wavelet theory is a relatively recently developed concept. Wavelet was first
introduced by Alfred Haar in 1909. Jean Morlet and Alex Grossmann coined the word
"wavelet" in the early 1980s, and it comes from the French ”ondelette,” which means small
wave. The word “onde,” which means wave, was then translated into English as "wave"
and then combined with the original word to form the new word "wavelet." Voice

recognition is a technology that allows computers or electronic devices to receive and
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identify voice input from users—this technology [11]. One of the practical impacts of this
technique is that the resulting outputs are at the same level of decomposition, so they

have the same size.

2.4. Adaptive Network based on Fuzzy Inference Systems

The adaptive neuro-fuzzy inference system model is developed or implemented
using the fuzzy inference system and neural network [12]. Moreover, in this research, the
process of extracting voice characteristics into a system which is then identified using the
Adaptive Neuro Fuzzy Inference System (ANFIS), and so that it is then understood by
the system and displayed output results in the form of text, percentage numbers, and
spoken readings. The first step in the classification process using the ANFIS method is to
train the system to get appropriate output results. The system is introduced and then

tested by providing several test samples to see the value of the system's accuracy [13].

3. METHOD

The stages carried out in this research were implementing automatic speech
recognition, extracting speech signals using wavelet packets, and classifying using the
Adaptive Network-based Fuzzy Inference System (ANFIS). The process stages include
data acquisition, audio data pre-processing, extraction using wavelet packets, division of
training data and test data, and classification. The proposed research method can be seen
in Figure 1.

Data Acquisition

v

Audio Preprocessing

!
Wavelet Packet

Decomposition
Signal Extraction

v ‘ v
Training Data Data Sharing Testing Data

v
ANFIS
Classification

Fig 1. Proposed research method

3.1 Data Acquisition

The data in this research was created through the process of recording the reading of
one verse from the Koran using a smartphone from 2 tajwid pronunciations, namely
ghunnah (idgham bighunnah), where nun mati meets the letters ya with the meaning fathah
and ikhfa, where the pronunciation of ta with the meaning kashrah tanwin meets the letters
sya'. The data source comes from 4 people with the characteristics of 1 male voice (Quran
expert) and three female voices who are classified as intermediate readers of the Qur'an
(at least have undergone tahsin level 2 learning) with three repetitions of reading. The
audio data is still as long as reading 1 verse, which will only take the pronunciation of
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ghunnah and ikhfa as a data group. So, the total data obtained a total of 10 observations
will be pre-processed into 20 data samples.

3.2 Pre-processing Voice Signals

The sound signal obtained at the data acquisition stage then goes to the pre-
processing stage to obtain the legal pronunciation of tajwid ghunnah and ikhfa. A manual
detection method for the beginning and endpoint of the speech signal is used to separate
the speech signal. The sampling rate used is 4.8 kHz, and the bit-depth resolution is 16-
bit PCM. Data is saved in *.wav format. The sampling rate used is in Table 1.

Table 1. Sampling Rate

Pre-processing Signals

No
Parameter Value
1 Sampling Rate 4.8 kHz, 16-bit
2 Data Isolated Tajweed Pronunciation
3 Speaker 1 male, 3 female
4 Bit Rate 705 kbps
5 Number of Channels 1 (Mono)
6 Audio Formats PCM *.wav

Eliminate signal noise using signal denoising using wavelets. This denoising stage
consists of three stages:

1.  Calculate the packet decomposition of a speech signal with level 7 and use order
10 Daubechies wavelets (db10).

2. Ateach level from 1 to 7, soft thresholding is carried out in the details of the
coefficients.

3. Calculate wavelet reconstruction based on the original approach at level 7, the
modification of the detailed coefficient level at level 7, and the detailed

coefficients approach at levels between 1 and 7.

3.3 Wavelet Packet Decomposition

Speech waveforms are detailed and highly non-stationary. After data pre-processing
is carried out, the stage continues with wavelet packet decomposition. Wavelet packet
decomposition is applied to the speech signal using Daubechies-10 wavelet packet filter
1 and level 7, in the equation s (1) is speech si i is the wavelet coefficient of x where we

get 28 = 256 terminal points from Al to A256 of the input signal.

Y= — Yistlog|(s?) @

Entropy-based criteria describe the nature of information related to accurately
representing a given signal. Entropy is a common concept in various fields, especially in

signal processing. A method for measuring entropy emerged as an ideal tool for ordering
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non-stationary signals. Next calculate the entropy in equation (2) as defined from the

waveform at the terminal node signal obtained from the wavelet packet decomposition:
ilsi

E is the wavelet packet entropy in the form of a real number, and s is the signal point
terminal (si) i waveform of the signal points. So, we obtain a new vector matrix with the

entropy value of the speech signal.

3.4 WPANFIS Structure

Both artificial neural networks and fuzzy logic are used in this ANFIS architecture.
ANFIS consists of an if-then rule learning algorithm and input-output pairs; for ANFIS
training, a neural network is used. To simplify things, we assume that FIS has six inputs
(x1, x2, x3, x4, x5, x6), namely, maximum value, minimum value, arithmetic mean value,
geometric mean value, standard deviation, and variance, each of 256 wavelet packet
entropy value, with one output based on the Sugeno fuzzy model. ANFIS architecture

and training meters can be seen in Table 2.

Table 2. ANFIS Architecture

ANFIS Architecture
No Architecture Value
1 Layer 4.8 kHz, 16-bit
2 Input Isolated Tajweed Pronunciation
3 Output One male, three female
4 Type MF 705 kbps
5 Rule
Table 3. Training Parameters
No Training Parameters
Training Parameters Value
1 Learning Rule Hybrid
2 Sum-Squade Error 0.00081225

3 Epoch Reached To Sse Value 2/100
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4. RESULT AND DISCUSSION

4.1 Wavelet Decomposition Process

The data obtained were 20 observations from 10 observations carried out in data pre-
processing. The wavelet decomposition process produces six main features as ANFIS
input variables and 64 rules. Data was separated into 17 observations for training data
and three observations for testing data. The wavelet decomposition process can be seen
in Figure 2.

Original and denoised supenmposed signals

Denoised signal

T =T

—_
(%]
e
.
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Fig 2. Wavelet decomposition process

4.2 ANFIS Structure
The ANFIS structure can be seen as in Figure 3 from the wavelet decomposition results.

input inputmf rule cutputmf cutput

Logical Dpsratiens

o -
» -

Fig 3. ANFIS Structure
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4.3 Training Result
The ANFIS training error result value is 0.00081225; from 100 training epochs, the

smallest number of errors (sum squared error) was achieved in the second epoch. The

training results can be seen in Figure 4.
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Fig 4. Training Result
4.4 Testing Result

The testing results on the training produce plots that are too fit, so in this experiment,
the WPANFIS classification model gets 100% appropriate classification and the same SSE

value as the training results, 0.00081225. The test results can be seen in Figure 5.
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