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Abstract

Interest in memorizing the Qur'an is increasing in quantity and experiencing rapid development in the method of
memorizing approach. this can be seen by the easy growth of Qur'anictahfidz institutions. Each Qur'an tahfidz institution
has its own ways of applying the practice of memorizing the Qur'an to its students, and of course they are guided by a
teacher who has mastered the Qur'an by rote. With quite a large number of participants memorizing the Qur'an and the
limited ability of teacher services in a short time, new interesting problems have emerged to be raised and applied for
efficient and time-saving solutions. So the research proposed is how to build a Quran memorization testing system that
adopts the teacher's memorization ability to be applied as supervision and testing of the memorization of the Qur'an
memorization participants using Mellin and Walsh transformations. memorizing the Qur'an by voice.
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1. Introduction
It is undeniable, that interest in memorizing the Qur'an is increasing in quantity and experiencing rapid development in the method
of memorizing approaches. this can be seen by the easy growth of Qur'an tahfidz institutions[1]. Each Qur'an tahfidz institution
has its own ways of applying the practice of memorizing the Qur'an to its students, and of course they are guided by a teacher who
has mastered the Qur'an by rote. With quite a large number of participants memorizing the Qur'an and the limited ability of
teacher services in a short time, new interesting problems have emerged to be raised and applied for efficient and time-saving
solutions[2]. So the research proposed is how to build a Quran memorization testing system that adopts the teacher's
memorization ability to be applied as supervision and testing of the memorization of the Qur'an memorization participants[3][4].

In real-time systems, sound testing should be built to the following specifications:

1. The use of efficient computing, this is absolutely necessary for the system for further development such as specifically
detecting errors that occur in the reading process, recognizing recitation law patterns, recognizing patterns including nahwu-
sharaf studies and others . The use of computations that are too complex in the speech recognition and testing system will
greatly affect the speed of performance in the interpretation of sound patterns.

2. High level of system detection accuracy. In this study, the detection rate parameter is used as a reference for measuring system
performance.

To build a reliable Qur'an memorization test system that meets the above criteria in real-time, one or more algorithms are needed.
Some common algorithms that are often used in sound processing include: Fourier transform, Wavelet, DCT (Discrete Cosine
Transform), Hartley transform, Slant transform, and others[4][5]. All algorithms have their own advantages and disadvantages. An
algorithm that has an accurate test rate generally has a complex computational complexity, and vice versa, an algorithm that is
simple or does not involve a high level of complexity, is generally difficult to obtain a satisfactory level of accuracy, or in other
words the system will have a high risk of error. not small.

Problems that arise in the selection of algorithms that are demonstrated into a real-time sound testing system must have two
conditions: (1) computationally efficient, and (2) have a reliable level of accuracy, and for that, in the research proposed on this
occasion , the researcher used two approaches (1) Mellin Transform, and (2) Walsh Transform. The reason for choosing these two
algorithms is that the Mellin Transform represents an efficient algorithm that is exponential and the Walsh Transform represents
an algorithm that is non-sinusoidal, or has a basis of -1 and 1 functions[6][7][8].
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2. Literature Review

Qur'an is the holy book for Muslims. In addition to the holy book, the Qur'an is also the main source of law in the teachings of
Islam. The Qur'an contains the rules of human life in the world which were revealed to the prophet Muhammad SAW through the
intercession of the angel Gabriel[2][9].

Signal is a physical quantity that changes according to time, space, or other independent variables. Examples of signals: speech
signals, ECG, and EEG. Mathematically, a signal is a function of one or more independent variables. This process is done through
signal modeling. An example of a mathematical function of a signal is:

Speech is produced by a collaboration between the lungs (lungs), glottis (with vocal cords) and articulation tract (mouth and nose
cavity). Figure 1 shows a cross-section of the human speech organ. To produce a voiced sound, the lungs push air through the
epiglottis, the vocal cords vibrate, interrupting air through the airflow and producing a quasi-periodic pressure wave[10][11].

Nose Cavity

Mouth Cavity Velum

Tongue

Vocal Cords | \3 Trachea

Figure 1. Human speech organs

Pressure impulses are generally referred to as pitch impulses and the frequency of the pressure signal is the pitch frequency or
fundamental frequency. In Figure 2 a series of impulses (a function of sound pressure) are generated by the vocal cords for a
sound. This is part of the voice signal that defines the speech melody. When we speak at a constant pitch frequency, the sound of
the speech signal is monotonous but in the normal case a permanent change in frequency occurs. The pitch frequency variation
can be seen in Figure 2[12].

Figure 2. The same series of impulses (sound pressure function)
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Figure 3. Variation in pitch frequency

Pitch impulses stimulate air in the mouth, and for certain sounds (nasals) also stimulate the nasal cavity. When the cavity
resonates, it radiates a sound wave which is a speech signal. The two cavities act as resonators with their own characteristic
resonant frequencies, called formant frequencies. At a time when the oral cavity can undergo major changes, we are able to
produce a variety of different speech patterns[13][14].
In the case of unvoiced sounds, the excitation of the vocal tract is more like noise. Figure 4 shows the process of producing the
sounds of /a/, and /f/. For the time being, the differences in the shape and position of the articulation organs are ignored [14][4].
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Figure 4. Sound production process

Speech signal is a signal that varies slowly as a function of time, in this case when observed at a very short duration (5 to 100
milliseconds) its characteristics are still stationary. But when observed for a longer duration (> 1/5 second) the signal
characteristics change to reflect the speech sound coming out of the speaker[2][15].

One way to present a speech signal is to display it in three basic conditions, namely silence (S) or a calm state where the speech
signal is not produced, unvoice (U) where the vocal cords are not vibrating, and the third is voiced (V) where the vocals are not.
The cord vibrates periodically so that it moves air into the esophagus through an acoustic mechanism until it exits the mouth and

produces speech signals[16].
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Figure 5. Example of a “Welcome” speech signal

2.1. Mellin's Transformation
Transformation aims to convert digital signals from the time domain into signals in the frequency domain with the following
formulation[17][18][19]:

p(s) =[x (X

where

@(S) = Mellin's Transformation

S = signal index in the frequency domain

N = total signal count

X = signal index in time domain

f (X) = signal value.
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2.2. Walsh Transformation
Unlike the previously discussed transformations which have a base function of fractions between -1 and 1 (sin and cos), the Walsh

transform has non-sinusoidal properties, or in other words, the Walsh transform has a base function of -1 or 1[20][21][22].
The Walsh transform of the f(x) signal is expressed as:
N-1

W (u) = %Z f (x)ﬁ (=1) 09 2 ()

with u=0, 1, 2, ..., N-1 and x=0, 1, 2, ..., N-1, and the value of n follows the rules N =2".
For example if N=8 then n=3.

b, (x) represents the ith bit of binary x, for example x=4 or binary =100, then b,(x) =0, b,(X) =0, dan b, (X) =1. The same
goes for b, (U) .

The basic function of the Walsh Transform is expressed by the following formula:

n-1
g (X, U) = H (_1)bi ()by_y; (u)
i-0

and from the equation of the basis function (kernel) Walsh Transformation for N=8 will produce the following kernel values:

el =0 S N R R Py ]
|
{
1
1
{
{

To get a value in the kernel, then by the following calculation method, for example, take the case of u=1 and x=4, because N=8
then n=3.

biner u=1 adalah 001
binary x=4 is 100
S0

b,(u)=1, b,(u)=0,dan b,(u)=0
b,(x) =0, b,(x)=0,dan b,(x) =1

n-1
g (X1 U) = H (_l)bi ()by1-i ()
i=0

g (4’1) — ﬁ (_l) b; (4)b_1; (1)
9(4) = ()OO (—1) OO (_)OO — (_1) =1

Another case let u=4 and x=6,
binary u=4 is 100

binary x=6 is 110

S0

b,(u)=0, b, (u)=0,dan b, (u) =1
b,(x) =0, b,(X) =1, dan b,(x) =1

n-1
g (X1 U) = H (_l)bi (X)by4i (u)
i=0

2
g (614) = H (—1) b; (6)bn1-; (4)
i=0
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9(6,4) — (_1)(0)(1) (_1) 1) (_1) MO _ (_1)0 =1

Solution:

W(O):%(1+1+1+1+5+5+5+5):3
W(l):%(1+1+1+1—5—5—5—5):-2
W(z):%(1+1—1—1+5+5—5—5):o
W(3):%(1+1—1—1—5—5+5+5):o
W(4)=%(1—1+1—1+5—5+5—5):0
W(5)=%(1—1+1—1—5+5—5+5):0
W(6):%(1—1—1+1+5—5—5+5):o
W(7)=%(1—1—1+1—5+5+5—5):0

then the Walsh transform of the signal f(x)=1, 1, 1, 1, 5, 5, 5, 5is W(u)=3, -2, 0,0, 0, 0, 0, 0.

3. Method

The workflow diagram that will be carried out in this study is illustrated in Figure 6.
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Figure 6. Besearch workflow in general

k J

The scheme of the Qur'an memorization testing system built in this study is illustrated in Figure 7.
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Figure 7. Schematic of the Qur'an memorization test system

As for the steps carried out after the Qur'an memorization test system, the system will first transform the analog signal in the time
domain into a digital signal in the frequency domain. Analog signals are recorded and transformed using Mellin transform and

Walsh transform. Next, the system will compute the magnitude/spectrum, and the results of this spectrum computation are used as
a reference for proximity to various test signals.

The flow chart for the computational process of the Walsh Transform is built based on Figure 8:

W) =3 f] (D=t

Yes

Figure 8. Walsh transformation flow chart.

The Walsh transform has the same function as the Mellin transform, but the Walsh transform performs computations non-
sinusoidally.

4. Result and Discussion

The voice training samples used in this study amounted to 100 voice samples representing the characteristics of different sound
vectors. The image below shows some sample sounds used for training. The training was carried out using the Mellin
transformation algorithm and the Walsh transformation with probability constants of testing, = 0.3, 0.4, 0.5, and 0.6.

e o 0 vote ol
e oo oviven-

T Y e ‘ o
e 2 P he-per e it sl

Figure 9. Some samples of the sound of memonzing the Qur'an used

Each sound has a vector pattern that is specific or different from one sound to another. In the learning process of sound samples
using Mellin transform and Walsh transform, the reference sound pattern vector must be determined before testing. Figure 10
shows a vector of reference sound patterns resulting from observations on 100 sound samples.
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The test of the Qur'an memorization system was carried out on four sample characteristics. The first characteristic is a sample
containing information on signals having =0,3, the second characteristic is a sample containing information for signals having
=0.4, the third characteristic is a sample containing information for signals having = 0.5, and the fourth characteristic is a sample
containing information signals that have =0.6. Figure 10 shows some of the results of testing the Qur'an memorization testing
system, and some examples of Al-Qur'an memorization test results which include a false positive rate are shown in Figure 10.
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Figure 12, Some false positive rate results
Measurement of system performance is carried out with gradual training. In samples containing information on signals that have
=0.3, the Qur'an memorization test system has an accuracy rate of 65%. Table 4.1 illustrates some of the results of measuring the
performance of the sound testing system. The results of the system evaluation show that an increase in Detection Rate is closely
related to an increase in the number of trainings. In samples containing information on signals that have =0.4 , the Qur'an
memorization test system has an accuracy rate of 70%. Table 1 illustrates some of the results of measuring the performance of a
sound testing system.

Table 1. The results of the Qur'an memonzation test system performance.

Number of Number of Correct False Detection
Training Testing Number of Positive Eate
Samples Samples Detections ERate

25 100 40 0.6 04
50 100 49 0.51 049
75 100 55 035 0.55
100 100 63 025 063

Tahle 2. The results of the performance of the Curan memeornzation testing system

Number of Number of Correct False Detection
Training Testing Number of Positive ERate
Samples Samples Detections Rate

25 100 45 0,55 0,43
30 100 52 0,48 0,52
75 100 61 0,39 0,61
100 100 70 0.3 0.7

In samples containing information on signals that have =0.5 (k3), the Qur'an memorization test system has an accuracy rate of
82%. Table 4.3 illustrates some of the results of measuring the performance of a sound testing system (k3 ) In samples containing

information on signals that have =0.6 (k4), the Qur'an memorization test system has an accuracy rate of 90%. Table 4.4
illustrates some of the results of measuring the performance of the category sound test system.
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Table 3. The results of the Qur'an memorization test system perfonmance I:FC_: :l .

Number of Number of Correct False Detection
Training Testing Number of Paositive Eate
Samples Samples Detections ERate

23 100 50 0.5 0.5
50 100 39 041 0.59
75 100 70 0.3 0.7
100 100 32 0,18 0,82

Table 4. The results of the Qur'an memonzation test system performance |:f('4 ).

Number of Number of Correct False Detection
Training Testing Number of Positive Rate
Samples Samples Detections ERate

23 100 &0 04 0.6
50 100 67 0.33 0,67
T3 100 g5 0.15 0.83
100 100 o0 0.1 0.8

The test results for (kl), (kz), (k3)and (k4) show that the detection rate is strongly influenced by the complexity of the
sample. For the same number of training samples, the detection rate performance results obtained are (k1)<(k2)<(k3)<(k4).

Figure 13 shows a graph of the performance results of the Qur'an memorization testing system (kl), (k2 ) (k3)and (k4).
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Figure 13. Mellin transformation performance graph on the Cur'an memonzation test system |:fd'1 :|: (k: :l: IZR'_;]:
and [k4 |
In Figure 13, the graph illustrates the testing and measurement of performance carried out after 25 vectors of memorized Al-
Qur'an sound patterns were trained for the overall characteristics of the sample. (kl), (kz), (k3) and (k4). The number of test
samples is 100 vectors of memorized Al-Qur'an sound patterns, for all stages of training. In the early stages of testing, the system
has been trained on 25 sound pattern vectors, and the detection rate values for . are obtained successively K, = 0,4 or 40%, K, =

0,45 or 45%, k,=0,50 or 50% and k4 = 0,6 or 60%. In the second stage, testing is carried out on a system that has been trained
with 50 sound pattern vectors, and the detection rate values for . are obtained successively K, = 0,49 or 49%, K, = 0,52 or 52%,
k,= 0,59 or 59% and k4 = 0,67 or 67%. In the third stage, testing is carried out on a system that has been trained on 75 sound
pattern vectors, and the detection rate values for . are obtained successively K, = 0,55 or 55%, K, = 0,61 or 61%, k= 0,70 or
70% and k4 = 0,85 or 85%. And in the final stage, the test is carried out on a system that has been trained with 100 sound pattern

vectors, and the detection rate values for are obtained successively K, = 0,65 or 65%, K, = 0,70 or 70%, K, = 0,82 or 82% andK,
= 0,90 or 90%.
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4.2. Walsh Transformation performance measurement

Measurement of system performance is the same as testing the Mellin transformation, carried out with gradual training. In samples

containing information signals having 0=0,3 (kl), the Qur'an memorization testing system has an accuracy rate of 65%. Table 4

illustrates some of the results of measuring the performance of the sound testing system (kl). The results of the system evaluation
show that an increase in Detection Rate is closely related to an increase in the number of trainings. In samples containing
information signals having 0=0,4 (k2 ) the Qur'an memorization testing system has an accuracy rate of 75%. Table 4.6 illustrates

some of the results of measuring the performance of the sound testing system (k2 )

Table 4. The results of the performance of the Cur'an memonzation testing system Iikl ).

Number of Number of Correct False Detection
Training Testing Number of Positive ERate
Samples Samples Detections Rate

23 100 41 0.59 041
50 100 49 0.51 049
73 100 57 0.33 0.57
100 100 63 025 0.65

Table 3. The results of the performance of the Qur'an memeorization testing systemn (f(': |

Number of Number of Correct False Detection
Training Testing Number of Positive Rate
Samples Samples Detections Rate

25 100 50 0.5 0.5
50 100 52 0.48 0,52
75 100 61 039 0.61
100 100 73 023 0,75

In samples containing information signals having o=0,5 (k3), the Qur'an memorization testing system has an accuracy rate of
85%. Table 6 illustrates some of the results of measuring the performance of a sound testing system (k3). In samples containing
information signals having a=0,6 (k4), the Qur'an memorization testing system has an accuracy rate of 95%. Table 7 illustrates

some of the results of measuring the performance of the category sound testing system (k4).
Table 6. The results of the performance of the Cur'an mermorization testing system I:FC_;:I .

Number of Number of Correct False Detection
Training Testing Number of Positive Rate
Samples Samples Detections Eate

23 100 50 0.5 0.3
50 100 60 04 0.6
73 100 20 02 0.2
100 100 g5 0,13 083

Table 7. The results of the performance of the Char'an mermorization testing system UC_.‘ |

Number of Number of Correct False Detection
Training Testing Number of Positive Rate
Samples Samples Detections Rate

23 100 69 031 0.69
50 100 73 027 0,73
73 100 g5 0,13 0.83
100 100 95 0,03 093

Test results for (kl), (k2 ) (ks), dan (k4) shows that the detection rate is strongly influenced by the complexity of the sample.
For the same number of training samples, the detection rate performance results obtained are (k1)< (k2 )< (k3 ) < (k4). Figure 4.5

shows a graph of the performance results of the Qur'an memorization testing system (kl), (k2 ) (k3) and (k4).

Vol. 7 No. 1(January, 2022)
International Journal of Mechanical Engineering
1229

Copyrights @Kalahari



1.00
0.50
0.80

e
=

060 —

- _,_,—'—'—'_'_'_'_-H_
050

040

election Raf

o]
L=l
L
=1

=
i
o

010
0.00

% 50 75 100
Mumber of Samples
=Kl a=03 = k2 o=04 k3 o=05 — k4 o=0,5

Figure 14 Performance graph of the Walsh transfonmation on the Chur'an memeornization test system (ﬁ:‘l | . (ﬁ:‘: :l:

(k) and(k, ). In Figure 14,
the graph illustrates the testing and measurement of performance carried out after 25 vectors of memorized Al-Qur'an sound
patterns were trained for the overall characteristics of the sample (kl), (k2 ) (k3)and (k4). The number of test samples is 100
vectors of memorized Al-Qur'an sound patterns, for all stages of training. In the early stages of testing, the system has been trained
on 25 sound pattern vectors, and the detection rate values for . are obtained successively K, = 0,4 or 40%, K, = 0,50 or 50%, k, =

0,50 or 50% and k4 = 0,69 or 69%. In the second stage, testing is carried out on a system that has been trained with 50 sound
pattern vectors, and the detection rate values for are obtained successively K; = 0,49 or 49%, K, = 0,52 or 52%, k,= 0,60 or 60%
and k4 = 0,73 or 73%. In the third stage, testing is carried out on a system that has been trained on 75 sound pattern vectors, and

the detection rate values for are obtained successively K, = 0,57 or 57%, K, = 0,61 or 61%, k,= 0,80 or 80% and Kk, = 0,85 or
85%. And in the final stage, the test is carried out on a system that has been trained with 100 sound pattern vectors, and the
detection rate values for are obtained successively K, = 0,65 or 65%, K, = 0,75 or 75%, k, = 0,85 or 85% and K, = 0,90 or 90%.

Based on the results of research that has been carried out, the results of the detection rate system performance are strongly
influenced by the amount of training, observations of reference pattern vectors for testing, the complexity of the information
contained in the sound signal, and the success rate of the system in mapping the input sound pattern vectors into sound pattern
vectors in the audio signal. frequency domain. The state of the sound in the sample in memorizing the Qur'an can be recognized
by the system if the sound pattern vector in the frequency domain or the sample in the frequency domain really contains a reliable
sound feature map. Figure 4.7 illustrates the state of sound samples in the frequency domain in the Qur'an memorization sample
which contains various information that has been successfully recognized, and Figure 4.8 contains several examples of sound
samples in the frequency domain in the sample in the Qur'an memorization test which contains sound information patterns that
was not recognized.

Figure 15.Some examples of samples in the frequency domain that contain sound information that has been recognized, in the
image it can be seen that the entire sample contains information on the sound characteristics needed by the system to decide a
feature in the sample contains a sound pattern.
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Figure 16.Some examples of samples in the frequency domain containing sound information that were not recognized
successfully.

The role of the signal transformation process block in mapping the various features contained in the sound is very important.
Usually, the signal transformation process block often fails to map sound characteristics when dealing with sound samples
containing abnormal information, for example distorted information containing noise.

Computingly, the system is built with two main process blocks, namely: Mellin transformation and Walsh transformation, and
based on the detection rate results achieved, the proposed system scheme has been able to perform testing and speech recognition
using efficient computations, while the voice detection scheme that In general, and most of what has been done has always
involved complex computations that are divided into several process blocks before the sound testing process is carried out.

5. Conclusion

The results showed that the Qur'an memorization test system using the Walsh transformation approach was able to recognize or
have a detection rate of around 95% of sound patterns and Mellin's transformation had a detection rate of around 90%. The
detection rate percentage shows that the two signal transformation models can be used as one approach for real-time sound testing
systems. The advantage of the Walsh transformation and the Mellin transformation is the ability to recognize voice patterns with
the amount of training data that is not too large, very appropriate to be applied to advanced systems that require a process of
testing the memorization of the Qur'an.

The sound testing system using the Walsh transform and Mellin transformation is able to work well on samples that have standard
feature information, on the contrary on samples containing distorted feature information, the sound testing system using either the
Walsh transform approach or using the Mellin transformation has a high false positive rate, or have a big chance of error.
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