
Al-Mansour Journal/ Issue( 26 ) 2016 )      26(العدد / مجلة المنصور

- 101 -

Investigation of Speech Intelligibility Using Artificial Neural
Network Model

Dina Harith Shaker*,M.Sc(Asst.Lecturer)

Abstract

A classroom acoustic is an important and difficult part of university
classroom design. Good design is achieved more on the basis of
acoustics expertise than on pure engineering design. In this paper, the
Artificial Neural Network (ANN) model is used for predicting speech
intelligibility in classroom. There are several classroom properties such as
diminution of the class, signal to noise ratio (SNR), the location of the
student and teacher , background noise where collected from the
classroom. A set of word is complied and a speech signal data base was
created. The sound pressure levels are then measured using sound
pressure meter at different classroom positions. A datasheet was obtained
from the measurement and then used to provide as training database into
learning process of (ANN) to predict the speech intelligibility at various
listeners' position of classroom. This method improve high accuracy,
efficiency and economic of calculation intelligibility in classrooms.
Therefore it reduces the error by using the classic methods.

Keywords: Acoustics, Noise, sound pressure level, speech intelligibility,
and Artificial Neural Network (ANN) model.
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Introduction
The investigation of good teaching in the classroom is a part and

content in the administration of teaching in universities and school
classrooms. It is recognized as the quality of teaching will affect on the
learning process and training. it is an important tasks to find  how teachers
evaluating’ teaching quality, scientifically and objectively, how to reduced
the difficult  in the educational process[1].

There are many difficulties in the teaching quality evaluation on
account to that the teaching quality in the classroom is depends on the
various factors [2].
Such as intelligibility of speech, the level of background noise, no need to
speak in a raised voice, the comfort teaching and learning [3].

Therefore the universities always have been attempt to solve the
problem and find to how correct the reflect factors for quality of teaching in
the classrooms and provide the targeted by teachers in the classrooms to
developed the methods of teaching quality in the classrooms.. Paulraj M P
[4] present a simple system for classrooms speech intelligibility prediction,
many classrooms characteristics such as size, signal- to – noise ratio and
speech transmission index were collected from classrooms in university of
Malaysia Perlis, Elman network was selected to develop the system
robustness in prediction application for speech intelligibility and the
network performances was dependent to the normalization method.
Musli Nizam [5] develop an Artificial Neural Network (ANN) model for
predicting reverberation times in classrooms. The simulation system is
developed at Oita University, to achieve that Finite Element Method (FEM)
is used to simulation database and fed into Artificial Neural Network (ANN)
for learning process.
Rabelo ATV, Santos JN, Oliveira RC, Magalhaes MC [6] analyzed the
acoustic performance of 18 classrooms and measured the following
parameters: pressure level, reverberation time, speech transmission index
and speech intelligibility. The results of speech intelligibility test were
compared to the values of the acoustic parameters with the help of
students test. In the conclusion of this study shows that the acoustic
parameters have a direct effect on the speech intelligibility of students.

To answer on many questions in the acoustical design of classrooms,
together with practice for quality of teaching evaluation, were consider in
this work them by means of including the evaluation system by using
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artificial neural network (ANN). To achieve that, it was used measurement
method to measure sound pressure level in classroom and used it to
simulated a database and fed into (ANN) for learning process. The use of
artificial neural networks obviates the need to specify, calculate and
measure acoustic quantities. The acoustics of classroom depends on
several parameters such as the size of the class, the shape and surface
finishes in it, therefore to subjective acoustic ratings have been obtained,
then can be used the artificial neural networks to predict how well a new
hall will be perceived.

Speech intelligibility
In university classrooms, the major acoustical concern is that of verbal

communication. Inadequate acoustical condition, resulting in poor verbal
communication, causes two main problems. First, they lead to reduced
learning efficiency. Second, they can lead to fatigue, health and stress
problems, amongst lecturers, were there are forced to reparation for poor
conditions of acoustic and by raising their voices, for example.
The good quality of communication can be quantified by speech
intelligibility (SI). This quantity is the percentage of speech material which
is correctly understood by the average listener. It has been suggested
that, in the case of normal – hearing adults working in their first language,
the speech intelligibility should exceed 97% [7]. In the case of acoustically-
challenged people, such as hard of hearing students, students working in
second language and children, the requirements are undoubtedly more
stringent; Bradley suggests aiming for 100%[8].
The speech intelligibility can be determined by several methods such as
Signal- to Noise Ratio (SNR), Direct to Reverberant ratio (DRR).In this
research, Were used (SNR) to infer the amount of speech intelligibility in
classroom. Where, (SNR) is equal to the level of speech (SL) in dB minus
the level of background noise (BGN) in dB both in listener position. The
level of speech depends on the speakers' voice level, the distance
between the listener and the speaker in the classroom. The (BGN) results
from the ventilation system, projectors, in class student activity and the
noise comes from outside the classroom [9].

Signal-to-Noise Ratio (SNR) measurement
The method is based on the Signal-to-Noise Ratio (SNR) on a specific

location, usually the location of the student with the hearing impairment.
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The signal is the speech of lecturer and therefore the measurement can
be performed during classroom hours. To identify the noise level the
sound pressure level before and after the lecturer talking is used. In this
way a SNR is obtained that is actually present during the speech signal.
This is an advantage over using an average noise level. The identify when
the lecturer is talking a sound pressure meter is placed at the student
place. The sound pressure level will be much higher when the lecturer is
talking compared to silent period. The measurements need to be
performed for at least twenty minutes to get enough samples to make an
accurate calculation of Signal-to-Noise Ratio (SNR).[10,11]
The difference in the sound level at recovers' location between lecturers is
a quite (noise) and lecturer talk (signal) determines the Signal-to-Noise
Ratio (SNR) and it is given by Equations below[12]:

= − …………………(1)= − …………………(2)= 1 2 2 − − …………………(3)
Where:

 is the average sound level during the signal.
 is the average sound level before the signal.
 is the average sound level after the signal.

Artificial Neural Network (ANN) model

The Artificial Neural Network (ANN) is a model worked by using multilayer
perception input layer (MLP), many number of hidden layer and one output
layer, where each of input layer is called neuron, were these layer
connected line between each neuron with neurons in the up layer of, the
same neurons layer is not connected, according to function x to mutual
influence between neurons. The activation function is selected as (S)
functions [13]. it is expressed in Equations (4 and 5).( ) = 1 1 + exp(− ) ………………(4)⁄
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Also has other function, such as:( ) = tan 2 = [ 1 − exp(− )] [1 + exp(− )]………………(5)⁄
the network structure is represented by Schematic diagram shown in
Figure (1)[14].

Figure (1) : Artificial Neural Network Model construction.

Proposed model
The proposed model divided into three stages :

- Measurement the sound pressure level in select location in the
classroom.
-Calculate the Speech Intelligibility (SI) in the classroom by using Signal-
to-Noise Ratio (SNR) equation.

- The intelligent stage.
The three stage operate together to identifies weak of the (SI) location

in classroom.The width, length and height of classroom are measured and
the listener positions in the classroom are identified. The distance between
any two adjacent listener positions in the same row is 0.5 m (D1) and the
distance between each row is 1m (D2). The classroom basic plan is
shown in   Figure (2).
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Figure (2): The basic plan of classroom.

The Omni directional source is placed at the source position representing
a lecturer at a high of 1.5m from the flower level. The source is placed at
1m from the floor level at each listeners seating position representing the
human ear. Various pre-recorded words formats are played at various
speech and noise levels.

Arabic and English word are recorded at different range of speech
levels (from 47dB and 72dB) and range of noise levels is between (54dB
to 70dB) are played back by using Omni directional speaker. The sound
pressure levels are measured by using sound pressure meter shown in
Figure (3) in each selected location.
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Figure (3): Sound pressure level meter.

The experimented measurement sound pressure levels and calculated
SNR are shown in Table (1) which is represented the speech intelligibility
of sound in classroom.
The network was learned by a training set represent the sound pressure
level and the position of the listener.

The learning rate and momentum are the most important parameters
in the Multilayer Perceptron (MLP) algorithms. The learning rate varied
during the learning process while the momentum value adjusted at (0.9).

The input layer consist of (264) neurons. The hidden layer contains
(33) neurons were selected by try and error procedure. The try and error
procedure stopped when the network learned to satisfy the desire output
as shown in Figure (4) where it represent the Sun Square Network error
(SSN) for Artificial Neural Network (ANN) network . The output layer
consists of (1).
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Figure (4): The Sum Square Network error (SSN) for (ANN) network.

All data (input and output matrix used by neural network algorithms
were normalized to values between (0-1) by using Equation (6) for more
accuracy and fast convergence.= −− ……………………(6)

Using MATLAB 7 to build the proposed model. The model flowchart is
shown in Figure (5).
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Figure (5): The flow chart of the proposed model.
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Results and Discussions
The speech intelligibility level at various listeners' positions in the

classroom is determined using the artificial neural network model. The
resulting speech intelligibility level at different location is represented in
Figures (6), (7) and (8). From this figures it can be inferred that as a
Signal- to- Noise Ratio (SNR) increased, the speech intelligibility
increased.

Figure (6) represent the practical result of  speech intelligibility in each
row of seats in the classroom. Where the speech intelligibility be better in
the front seats than that of the rear seats because its proximity to the
direct sound as noise goes down with increasing distance, Where a good
Signal- to- Noise Ratio (SNR) should be not less than +15dB, that is to say
the signal strength should be at least 15dB above the background noise
level in order to achieve good speech intelligibility by the listener [13].

The better speech intelligibility is in seats away from windows (away
from noise source) as well as to the presence of reflective walls that
provide early reflections which serve to strength the direct sound signal
and lost it cause weakness in the speech intelligibility. Figure (7) show the
speech intelligibility distribution in all raw of classroom.

Figure (8) represent the contour model of classroom speech
intelligibility simulating results. That as attempt to detect the week and
strength of speech intelligibility place in classroom.

Where a dark area represents good speech intelligibility, while the
pastel area represents a bad speech intelligibility. It can be observed that
the back side of the classroom shows the poor speech intelligibility this is
because they fare from the sound source and the seats in the far side from
the windows is better speech intelligibility than the other side because it far
from the noise source.

Conclusion
This paper shows that a simple system to predict  the speech

intelligibility  in classroom has been developed using Artificial Neural
Network (AAN) model to represent classroom speech intelligibility it is
provide a high accuracy method, simple process calculation, it make the
work more efficiency and economic benefits. In the same time it reduces
the error when uses the manual calculation caused.
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The sound pressure level measurement

location setpgpr1pr2SNR
A16954.1659.45
A377.351.76817.45
A583.463.767.217.95
A784.664.567.718.5
A969.856.672.85.1

A1171.154.570.18.8
A137560.168.110.9
A1575.163.272.57.25
A1775.75964.114.15
A1975.160.670.19.75
A2174.760.265.611.8
B176.264.866.610.5
B378.150.868.418.5
B576.450.475.113.65
B779.466.972.69.65
B974.561.363.212.25

B1175.465.570.67.35
B1373.261.668.97.95
B1566.2525512.7
B1775.362.665.911.05
B1973.157.270.69.2
B2174.760.26611.6
C175.661.573.68.05
C378.352.172.615.45
C578.953.472.715.85
C771.85067.712.95
C980.965.268.913.85

C1178.459.271.213.2
C1378.464.373.89.35
C1570.757.869.47.1
C1775.56169.310.35
C1978.161.471.311.75
C2174.357.669.710.65
D166.558.462.36.15
D381.163.262.518.25
D580.353.463.521.85
D777.86068.713.45

Table (1): The measurement sound pressure level and Signal- to Noise Ratio
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The sound pressure level measurement

location setpgpr1pr2SNR
D97955.964.618.75

D1174.966.469.86.1
D1369.254.564.79.2
D1571.559.169.87.05
D177957.465.217.7
D1973.761.470.77.65
D2171.964.964.37.3
E174.557.262.315.75
E374.860.861.213.8
E576.562.363.513.6
E779.86262.717.45
E971.762.467.36.85

E1166.756.663.46.7
E1375.955.168.314.2
E1563.753.961.26.15
E1777.653.471.215.3
E1975.25767.98.5
E2170.155.664.110.25
F172.663.763.19.2
F374.653.862.116.65
F578.453.163.120.3
F774.853.566.714.7
F972.465.868.45.3

F1165.960.161.45.15
F1360.157.855.93.25
F1575.46262.113.35
F1769.857.964.38.7
F1978.258.466.915.55
F2175.552.469.114.75
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(A) speech intelligibility in the raw A (B) speech intelligibility in the raw B

(C) speech intelligibility in the raw C (D) speech intelligibility in the raw D

(E) speech intelligibility in the raw E (F) speech intelligibility in the raw F

Figure (6): The practical result of speech intelligibility in each row
of seats in the classroom.
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Figure (7): The speech intelligibility distribution in all raw of classroom.
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(A) speech intelligibility in the raw A (B) speech intelligibility in the raw B

(C) speech intelligibility in the raw C (D) speech intelligibility in the raw D

(E) speech intelligibility in the raw E (F) speech intelligibility in the raw F

Figure (8): The contour model of classroom speech intelligibility simulating
results.
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التحقیق في مفھومیھ الكلام عن طریق نموذج الشبكات العصبیة الاصطناعیة

*دینا حارث شاكر.م.م

المستخلص

إن الخواص الصوتیة للقاعات الدراسیة ھو جزء مھم في التصمیم الھندسي ولكن یصعب تحقیقھ في ھذه 
ویتحقق التصمیم الجید باستخدام الخبرة في التصمیم الصوتي مع . القاعات وخاصة القاعات الجامعیة

للتنبؤ بمفھومیة ) ANNِ(في ھذه الورقة تستخدم الشبكات العصبیة الاصطناعیة . التصمیم الھندسي النقي
وھنالك العدید من , الكلام في الفصول الدراسیة ولتشخیص مواقع الضعف والخلل من الناحیة الصوتیة 

, الخصائص الصوتیة في القاعات الدراسیة التي یجب أخذھا بنظر الاعتبار عند التصمیم منھا أبعاد القاعة
الضوضاء الخلفیة قد , ع كل من الطالب والأستاذموق, )SNR(النسبة بین الإشارة الصوتیة إلى الضوضاء

تم اختیار مجموعة من النصوص وإنشاء خطاب قاعدة البیانات كإشارة ومن ثم قیاس منسوب الضغط 
وتم الحصول على . الصوتي باستخدام جھاز قیاس منسوب الضغط الصوتي في مواقع مختلفة داخل القاعة

) ANNِ(كقاعدة بیانات لتدریب الشبكات العصبیة الاصطناعیة ورقة البیانات من ھذا القیاس واستخدامھا
وھذا كلھ یؤدي إلى تقلیل . التي تعمل على التنبؤ بمفھومیة الكلام داخل القاعة ولمواضع مختلفة للمستمعین

.الأخطاء الصوتیة في القاعات الدراسیة وتحسین كفاءة العملیة التعلیمیة

الشیكات العصبیة , مفھومیة الكلام,منسوب الضغط الصوتي, الضوضاء,الصوتیات : الكلمات المفتاحیة
.الاصطناعیة

____________________
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