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ABSTRACT

The work considers a software package for automating
speech quality assessment. The complex is used for speech
rehabilitation of patients after surgical treatment of
oncological diseases of the organs of the speech-forming
tract. The structure of the complex and the role of its
individual modules are presented. The complex has been
introduced into the activities of the Oncology Research
Institute of Tomsk Scientific Research Center.
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1. INTRODUCTION

Currently, more than 100,000 cases of cancers of the organs
of the speech-forming apparatus have been identified [1], and
this number is increasing by 25,000 every year [2,3]. The
most common treatment option involves surgery, after which
it is necessary to undergo speech rehabilitation. The obvious
shortcomings of the method of assessing the quality of speech
restoration, based on GOST R 58040-95 [4], led to the need to
develop algorithms for automatic evaluation and their
implementation in the framework of automated systems for
assessing speech intelligibility. At the moment, there are a
number of works on automation of speech intelligibility
assessment [5-7], but all of them appeared later than the
beginning of development and the appearance of the main
algorithms of the considered software complex. As part of the
research on speech restoration using technical methods, such
algorithms were developed and implemented. They were
included in the developed software package described in [8].
After preliminary testing, it was decided to finalize the
software package.

To implement the software package for evaluating the
quality of speech in the speech rehabilitation process of
patients as part of the cancer treatment at Tomsk Cancer
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Research Institute, it was necessary to achieve the following
objectives:

1. Improvement of the database structure to store
several variants of the syllabic intelligibility evaluation and
signal segmentation, the ability to specify the type of session
(not only syllabic or phrasal intelligibility, but also the mark
of the moment of recording the session: before or after the
operation);

2. Adding previously developed lists of syllables for
recording to the databases.

3. Development and implementation of estimation
algorithms based on the previously described approaches
[9,10] and segmentation algorithm to evaluate individual
phonemes in syllables;

4. Improvement of the syllable recording module:
development of more accurate algorithm for detecting voice
activity, adding the ability to configure its parameters, and the
ability to correct the process of syllables recording;

5. Adding the syllables pronunciation quality
evaluation in real time during the recording session.

2. DATABASE

In this article database that is presented in [11] is used.
Due to the fact that it is necessary to store several estimates for
one syllable entry, 5 fields were added to the Slog table to
store estimates (type double), as well as a field to store syllable
segmentation (type varchar). Segmentation is a set of values
that indicate the boundary between phonemes, separated by a
tab. The changes in the Slog table are presented in Figure 1.

Column Name Datatype
id_zap INT{11)
id_seans INT{11)
id_slog INT{11)
path VARCHAR(255)
listen VARCHAR{255)
correctl DOUBLE(255,4)
correct2 DOUBLE(255,4)
correct3 DOUBLE[14,4)
correct4 DOUBLE(14,4)
corrects DOUBLE[14,4)
segmentation WARCHAR(255)

Figure 1: Changes of Slog table structure in the database

Also, a type field (varchar) has been added to the Seans
table, where information about all sessions is stored. This
allows to add comments or additional information about the



session. This field is expected to contain data about the
recording period of the session, before or after the operation.

To segment syllables, the position_trouble field (int) has
been added to the Hostslog_tr table, which reflects where the
problem phoneme is located within the given syllable.

In addition to changes to the database structure, syllable
sets that can be used to conduct and evaluate sessions have
been added. Currently, there are 5 sets in the database,
according to three of which it is possible to evaluate the
session. In table 1 the description of syllabic assessment sets is
presented.

Table 1:Description of syllable sets in the database
The name Quantity Description
of the set
GOST 1

250 The first 250 syllables of
GOST R 58040-95
Numbers from zero to nine
A set of syllables with
problem phonemes
[K][s][t] and their soft
variants: 5 syllables for
each possible phoneme
arrangement in a syllable
(at the beginning, in the
middle, at the end)

A set of syllables with
problem phonemes
[K][s][t] and their soft
variants: 5 syllables for
each arrangement of the
phoneme at the beginning
or at the end of the syllable
A set of syllables with
problem phonemes
[K][s][t] and their soft
variants: 5 syllables with
the phoneme location at
the beginning of the
syllable

10
90

Count
OncoTongue

OncoTongueNK 60

OncoTongueN 30

The OncoTongueNK and OncoTongueN syllable sets
were created due to the limitations of the segmentation
algorithm (it works only if the phonemes are located at the
beginning of a syllable with any number of phonemes in a
syllable and if the phoneme is located at the end of a syllable
with three phonemes in a syllable). For each of the syllable
sets, transcriptions and numbers of the problematic phonemes
in them were also added.

3. PARAMETERS AND SETTING OF THE VOICE
ACTIVITY DETECTION ALGORITHM

HpI/I MPpOBCACHNHU aHaJIn3a PpCeYCBOro CHUTHAJa IIpH
pCeHICHUU PA3JIMYHBIX 3aJa4, B YaCTHOCTHU, BbIACJICHUA
TOJIOCOBOI AKTHUBHOCTH, H606XOI[I/IMO BBLJACIINUTL MapaMETpPhI
IUIs anbHeleld oopadorku [12].

The voice activity detection algorithm used in the
program works by calculating two parameters of the signal

3027

Dariya Novokhrestova et al., International Journal of Advanced Trends in Computer Science and Engineering, 8(6), November - December 2019, 3026- 3030

recorded in the buffer: the spectral flatness measure SMF (1)

and energy E.

Gm

Am’ 1)
where Gm is the geometric mean of the speech spectrum,

Am is the arithmetic average of the speech spectrum.

The algorithm makes a decision about the presence or
absence of speech in the signal buffer as follows: the
parameters for the signal buffer are calculated and compared
with the minimum values. If the difference between the
received values and the minimum is greater than the
threshold values, then a decision is made about the presence
of voice in this segment.

In order to be able to adjust the algorithm parameters for
various recording devices, a new form was added, which
allows record sound without voice (“silence™) and voice
recording. Based on the obtained parameters, further
recording can be carried out. The form is shown in Figure 2.

ol Voice Recording Ssttings e O x

SMF=10x]0glO

Record without voice

SMFmin: 40,9268
Emin: 7,9675

Number of segments 47

Recording time 00:00:04.715
Stop
Record with voice

SMFavg : 32,6338 Number of segments 78

Eavg: 62218 Recording time 00:00:04.715

Stop

Threshold values

Threshold for SMF: -2,0732 Threshold for E: -0.4364

Threshold coefficient [0.25 | [ Recakoiate |

Figure 2: A form designed to configure the parameters of the
algorithm for detecting voice activity

The ability to adjust thresholds depending on the
microphone sensitivity and patient speech was also added. To
do this, a multiplier field was added, which allows the editing
the threshold. Currently, the optimal multiplier for sensitive
microphones is 0.5, for any other type 0.25. The optimal time
for each type of recording is 4-8 seconds.

Setting voice recording options are available both from
the main application window (the window with the list of
patients) and from the window in which the session is
recorded directly.

4. SYLLABLE WRITING MODULE

It is assumed that the recording of the session will take
place in an automated mode, namely, a speech therapist (or
patient) will only participate in the recording settings, and
processing the recordings, calculating the score and
switching to the next syllable will be automatic. The syllable
form is shown in Figure 3. In this version of the software
package, you can configure the following parameters:
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a5 Words recording

Patient Mew patient

Session D |1124
Record type | OnkoTonguehk
Date 20.09.2018

Start record

Mumber of syllables E

Record

[ Play syllable
[] Rate syllable while recording

Choosing a session to compare

Settings

Syllable f

Rating:

End session recording

Nsyllable

Transcription

Figure 3: Form for syllables recording

1) The ability to play a syllable. It is possible to play the
recorded reference pronunciation of the syllable through
headphones or speakers for the sets of syllables OncoTongue,
OncoTongueNK, OncoTongueN. This feature should help the
patient understand how to pronounce the syllable displayed
on the screen.

2) Display the syllable and its transcription on the
screen. In the previous version of the program, both the
syllable and its transcription were displayed with the same
size (approximately 25 size). However, after the first test run
of the program at the Oncology Research Institute, it was
decided to significantly increase the font for the syllable and
decrease for transcription, since the patient did not
understand the correspondence between the syllable and
transcription. It was also possible to increase or decrease the
font size for displaying the syllable.

As part of the software package [8], if the voice activity
detection algorithm did not work correctly, returning to the
previous syllable was carried out by pressing Ctrl + Z, the
"Back" button was added in the new version of the program,
which performs the same function. Replacing a keyboard
shortcut with a button is justified by the fact that the purpose
of a button with a similar inscription is intuitively clear to the
user, which simplifies working with the program. The “Next
syllable” button remains for recording syllables of patients
whose speech has deteriorated after surgery to a state in which
it is impossible to correctly determine the beginning and end
of speech. In this case, the sensitivity parameters of the
algorithm will be changed to the minimum, sound will be
recorded continuously, and switching between syllables will
be carried out by a speech therapist.
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To assess the variability of speech before the operation, it
is necessary to record two sessions, which will be used as a
reference in the future. However, to familiarize the patient
with the software complex and facilitate further work with it,
it is proposed to record three or more sessions, and choose
only two of them as a reference.

When recording sessions after an operation, it is possible
to evaluate the session directly during recording. To do this,
select "Evaluate syllables when recording”, after which the
button "select a session for comparison” will be available. If
you select to evaluate but do not select reference sessions, the
program will issue a warning and will not start a recording
session until the conflict is resolved.

The session selection for comparison is carried out in the
form shown in Figure 4. It is possible to select one or two
sessions for comparison. The ability to select only one session
for the treatment is added due to the fact that there are patients
who are currently being treated at The Oncology research
Institute, but before the operation they managed to record only
one session. It is possible to select only sessions of the same
type (with the same set of syllables) as the session being
recorded.

a5 Choosing a session to compare - m] *

date
12.09.2018
12.09.2018
01.09.2018
18.09.2018

id_seans resl
1114
115
116

1118

Choose for compare

Figure 4:Form for choosing a session to compare



5. SYLLABLE EVALUATION MODULE

In this complex there are three different ways of
assessing the syllable intelligibility. They are calculated as the
ratio of the average correlation coefficient between the pairs
of reference and estimated pronunciation to the correlation
coefficient between the reference pronunciations. The
situation with two reference sessions is described here and
below, but all estimates are also available for 1 session. Thus,
the resulting value is enclosed in the range from 0 to 1, and
the closer it is to 1, the closer to the standard the phoneme is
pronounced. In the first and third methods, the Resample
function from the Matlab mathematical package is used to
calculate the correlation coefficient, in the second method, the
algorithm of dynamic transformation of the timeline is used.
The difference between the first method and the third one is
that in the first method not the entire syllable is evaluated, but
only the problematic phoneme. Therefore, before the direct
assessment, it is necessary to segment the syllable and
highlight the problematic phoneme. In view of the fact that
the segmentation algorithm works correctly only for certain
phoneme locations in a syllable, the first method of evaluation
is available only for certain sets of syllables.

Syllable Assessment is possible not only in the process of
recording a session, but also for an existing session. The form
for viewing the session and its evaluation is presented in Fig.
5. In order to carry out segmentation, it is necessary to click
the “Perform segmentation” button, if the segmentation
function is not available for this type of session, a message
will be displayed about this. The segmentation results are
stored in the Segmentation column and after clicking the
“Save” button are written to the database. Next, you need to
select the evaluation settings, namely the type of evaluation
and reference sessions. Reference sessions are selected
similarly to the syllable entry form. After selecting the
reference sessions, the button “Rate Session” will become
available and when it is pressed, a sequential evaluation of all
syllables in this session will take place. The result will be
presented in the correctl column and after clicking the "Save"
button will be saved in the database. After the conclusion of
all ratings, the average rating of the session is calculated, and
is also entered into the database.

5. CONCLUSION

The paper describes the problem points identified in the
process of testing the software complex of speech
intelligibility assessment and formulated the objectives for
their correction. During the period of work with each of the
objectives, the necessary functions were implemented, as well
as the currently existing limitations on working with the
software complex were described. The modified software
package is being implemented at Tomsk Cancer Research
Institute, test records were conducted, and the first patient
records were made. The result of the analysis of the records
were recommendations for further refinement of the software
package:
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- add fields to a table with patient data to store detailed
medical information;

- add the ability to record separated syllables for cases of
late detection of problems with the recording session (for
example, during additional listening within the syllable
detected extraneous noise that interferes with its perception);

- add the ability to display scores obtained in different
ways in multiple columns with syllable scores.

Further modernization of the software package involves
the use of speech recognition and analysis systems [13-19] to
assess syllabic, verbal and phrasal intelligibility. To ensure
the security of stored information, it is planned to develop a
cryptographic protection module that would not interfere with
obtaining real-time ratings [20].
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