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Abstract—The paper describes the system of content synthesis and sounding on websites in Ukrainian, designed to sim-
plify the consumption of content for the visually impaired, which features easy integration into the most popular content
management system on sites, namely CMS WordPress.

Currently, people with visual impairments are severely limited in their use of Internet products because most web
resources are not tailored to their needs. Modern information technology allows such people to receive information along
with healthy ones thanks to solutions developed by scientists and engineers from different countries.

Text information can be delivered to the visually impaired with a magnifying glass, or by enlarging the font by software,
blind - by sounding the text using computer programs or displaying texts on the Braille screen of the monitor. This is an
effective solution, but the choice of methods for reproducing such information must be provided fully by people with disa-
bilities themselves, which is a significant problem due to the significant time spent on information consumption.

To facilitate the perception of visually impaired people when using websites, an international standard for webmasters
has been developed - a guide to web content accessibility called the W3 Web Content Accessibility Guidelines (WCAG)
Consortium 2.0. The standard describes in detail the requirements for visually impaired people that are recommended to
be met in order for them to view the website without any problems. The basic provisions of WCAG 2.0 will describe
the parameters and algorithms for scaling, clustering and separation of information by programs for the visually impaired

and provide recommendations for writing website code.

However, to implement such recommendations, webmasters need to learn new programming principles and algorithms
and use additional development tools. This is often difficult, requiring additional training, which entails non-compliance by

webmasters with such requirements.

Keywords — speech synthesis; support low vision; recognition algorithm; natural language processing; neural network;
understanding of natural language; web integration; CMS Wordpress.

1.  INTRODUCTION

Modern information technology allows visually
impaired people to receive information along with
healthy people through a number of technical solutions,
but the choice of methods of reproducing such infor-
mation must be fully provided by people with disabilities,
this is a significant problem due to significant time spent
on information. Modern information technology allows
such people to receive information along with healthy
people thanks to solutions developed by scientists and
engineers from different countries [1].

To facilitate the perception of visually impaired peo-
ple when using websites, an international standard for
webmasters has been developed, a guide to web content
accessibility called the 2.0 consortium W3 Web Content
Accessibility Guidelines (WCAG) [2]. The standard
describes in detail the requirements for visually impaired
people that are recommended to be met in order for them
to view the website without any problems. The main pro-
visions of WCAG 2.0 will describe the parameters and
algorithms for scaling, clustering and separation of infor-
mation by programs for the visually impaired and provide
recommendations for writing website code [3].

However, to implement such recommendations, web-
masters need to learn new programming principles and

algorithms and use additional development tools. This is
often difficult, requiring additional training, which entails
non-compliance by webmasters with such requirements.
The article describes the system of synthesis of Ukrainian
speech, easy for webmasters, in the installation, configu-
ration, and use for consumption of content on web pages
for the visually impaired.

The idea of the project lies in the development of
a simple and easy package solution for ensuring the pos-
sibility of voiceover text on a website for people from all
over the world. The decision is guilty but we will forgive
for the sake of the retailer and mother the possibility of
integration into the WordPress© CMS. Particular respect
is attached to the expressiveness of the generated move-
ment.

The system was developed on the basis of deep neural
networks and has the ability to integrate into the world's
most popular content management system WordPress®
and one system Google® Cloud Platform®.

2. METHODS AND MATERIALS

The international standard is a document of the W3
Web Content Accessibility Guidelines (WCAG) 2.0 con-
sortium [4].
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The main provisions of the document are that the user
should be able to:

e Perceive the components of the user interface and
information in such a way that he was able to per-
ceive them;

e  Operate all components of the user interface and
navigation;

e  C(Clearly understand the structure of the user inter-
face and the information presented;

e Use a variety of web browsers, including special
browsers for people with disabilities.

A. CMS WordPress® Review

WordPress® is an open source content management
system (CMS). The most popular way to create a website
at the moment is CMS. CMS (Content Management Sys-
tem) is a system for creating and managing a site. Simply
put, it is a program with a user-friendly interface for cre-
ating a web resource. You can use code in it, but it is not
necessary. Thanks to this technology, anyone can create

a page [5].

According to W3techs [4], WP is used by 64.7% of all
CMS-built websites. This is 41.1% of all existing sites in
the world. The New York Times and Forbes use this plat-
form for their blogs. WordPress gained such popularity
for its user-friendly interface and great features [6].

B. Natural language processing

Natural language processing (NLP) is an area at
the intersection of computer science, artificial intelli-
gence, and linguistics. The goal is to process and "under-
stand" natural language to translate text and answer ques-
tions.

With the development of voice interfaces and chat-
bots, NLP has become one of the most important artificial
intelligence technologies. But full understanding and re-
production of the meaning of language is an extremely
difficult task, as human language has features:

Human language is a specially designed system for
transmitting the meaning of what is said or written. This
is not just an exogenous signal, but a conscious transmis-
sion of information. In addition, the language is encoded
so that even young children can learn it quickly [7].

Human language is a discrete, symbolic or categorical
signaling system that has reliability.

Categorical language symbols are encoded as signals
for communication through several channels: sound, ges-
tures, writing, images, and so on. Thus the language is
capable to be expressed in any way.

C. Deep Learning in NLP

A significant part of NLP technology is due to deep
learning, a field of machine learning, which began to gain
momentum only at the beginning of this decade for
the following reasons [6]:

e  Accumulated large amounts of training data;

e Developed computing power: multicore CPU and
GPU;
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e New models and algorithms with advanced fea-
tures and improved performance, with flexible
learning on intermediate concepts;

e There are teaching methods using context, new
methods of regularization and optimization [2].

Most machine learning techniques work well through
human-developed representations of data and inputs, as
well as optimizing weights to improve the final prophecy

[91.

In deep learning, the algorithm tries to automatically
extract the best features or representations from the raw
input (Fig. 1). Hand-crafted traits are often too special-
ized, incomplete, and time-consuming to create and
approve. On the contrary, the signs found by deep learn-
ing are easily adapted [10].

Deep learning offers a flexible, versatile, and one-
taught framework for presenting the world in both visual
and linguistic information. Initially, this led to break-
throughs in the areas of speech recognition and computer
vision. These models are often learned using a single
common algorithm and do not require traditional con-
struction of features for a specific task [11].

D. Neural network machine translation

Approach to translation modeling using the Recurrent
Neural Network (RNN). RNN is a neural boundary with
dependence on previous states that has connections
between passages. Neurons receive information from
the previous layers, as well as from themselves in the pre-
vious stage. This means that the order in which data is
input and the network is trained is important: the result of
the Donald-Trump filing does not coincide with
the Trump-Donald filing result.

The standard model of neural-machine translation is
an end-to-end neural network, where the original sen-
tence is encoded by an RNN called an encoder, and
the target word is provided by another RNN called
a decoder. The encoder "reads" the original sentence at
the rate of one character per unit time, then combines
the original sentence in the last hidden layer. The decoder
uses error reverse propagation to study this union and
returns the translated version. Surprisingly, on the periph-
ery of research activity in 2014, neuro-machine transla-
tion became the standard of machine translation in 2016
[12].

Long / short term memory networks (LSTMs) try to
deal with the problem of the disappearance gradient by
entering gates and entering a memory cell. Each neuron
is a memory center with three gates: input, output, and
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forget. These shutters serve as security guards for infor-
mation, allowing or prohibiting its flow.

e The input gate determines how much information
from the previous layer will be stored in this cell;

e The output gate works at the other end and deter-
mines which part of the next layer learns about
the state of the current cell.

e The gate of forgetting controls the extent to which
the value is stored in memory: if a new chapter
begins when studying a book, sometimes it
becomes necessary for the neural network to for-
get some words from the previous chapter.

The reset gate functions are similar to the forget gate
in LSTM, but the location is different. GRUs always
transmit their full state without an output shutter. Often
these shutters function like LSTM, however, the differ-
ence is that the GRU shutter is faster and easier to operate
(but also less interpreted). In practice, they seek to neu-
tralize each other, as they need a large neural network to
restore expressiveness (expressiveness), which nullifies
the gains in the result. But in cases where no extra expres-
sion is required, GRUs show a better result than LSTM

[5].

Through the use and training of deep neural networks,
the speech synthesis was adapted to the Ukrainian lan-
guage and a package solution was developed (a plug-in
archive is attached to the thesis) to integrate such a speech
synthesis system into websites based on WordPress®© con-
tent management system. at www.voice.uttermouse.com.

For the convenience of the visually impaired, the site
has integrated voice chat, which was developed using
Google® Cloud Platform and Google® Dialogflow and
Google® Speech to Text API and adapted to work with
the site using PHP.

E. Query Processing

The program is responsible for starting the web server
and processing requests. you can use any web structure
available for the development language. The App Engine
runs multiple instances of the program, and each instance
has its own web server fo process requests. Any request
can be redirected to any instance, so consecutive requests
from the same user are not necessarily sent to the same
instance. An instance can process multiple requests at the
same time. The number of instances can be automatically
adjusted as traffic changes.

The following example contains JavaScript code to
start the server and respond to all GET requests from web
clients to the root path. Importantly, in the last lines,
the code provides the listening server with a port defined
by the process.env.PORT variable. This is an environ-
ment variable set by App Engine - if the server does not
listen to this port, it will not be able to receive requests.
The incoming HTTP request includes HTTP headers sent
by the client. For security reasons, some have been
removed, headers are disinfected or supplemented by
intermediate proxy servers before they reach the program.
There are restrictions that apply to generated responses,
and the response can be changed before it is returned to
the customer.

Disable buffering By default, all App Engine
responses are buffered in 64 container blocks. In some
cases, it may be appropriate to disable buffering and pass
bytes directly to the client. It is usually best to use sus-
pended GETs or server events (SSEs). To disable buffer-
ing, you can set the X-Accel-Buffering response header
to no. HTTPS connection For security reasons, all appli-
cations should encourage customers to connect to https.
You can use the Strict-Transport-Security header to
instruct the browser to prefer https over http to a specific
page or the entire domain.

F. Overview of similar solutions
Amazon Polly Wordpress Plugin.

This plugin is developed on the basis of a deep neural
network using the power of AWS.

Its advantage is that it provides a quick opportunity
for voice acting due to the possibility of hosting servers
in many countries (unfortunately, it is not represented in
Ukraine).

The downside is that it does not integrate with the Kiki
or WordPress editor and only provides support for
shortcodes. Does not speak Ukrainian.

Speaker WordPress Plugin

The plug-in is developed using the same technologies
as presented in the work, excluding the Scala language.

On the plus side, the plugin uses similar technologies,
which allows you to independently train several neural
networks.

The downside is that it does not integrate with the Kiki
or WordPress editor and only provides support for
shortcodes. Does not have Ukrainian language but can
support.

Voice WordPress Plugin

The plug-in is developed using the same technologies
as presented in the work, excluding the Scala language.

On the plus side, the plugin uses similar technologies,
which allows you to independently train several neural
networks. The plugin also has integration with the stand-
ard WordPress editor and integration with the popular
WordPress editor Elementor.

The downside is that it does not integrate with all pop-
ular WordPress editors.

Responsive Voice Text-to-Speech

The plugin is developed on the basis of deep neural
networks and Google Cloud server, has integration with
popular WordPress editors, but cannot use semantic
markup.

3. RESULTS

A. WordPress® plugin Creation:
Two types of hooks are used in WordPress®:

e Actions - allow you to add or modify WordPress®
functionality.

o Filters - allow you to change the data.

®
@-H Copyright (c¢) 2022 Ocaguyxk O. P.

196SSTBW CCHH-£C6T/SES0T 01 - 10d



DOI: 10.20535/2523-4455.mea.255961

255961-4

AKYCTHYHI MIPUJIAJU Ta CUCTEMHU

Hooks are needed not only for plugin developers, but
also for those who will use the plugin. Hooks are used
everywhere: in the very core of WordPress®, in plugins
and themes. It is the hooks that make WordPress so flex-
ible. The plugin has three functions:

e register activation hook () - registers the func-
tion that will work when activating the plugin.
Used to add plug-in settings, etc.

e register_deactivation_hook () - registers the func-
tion that should be started after deactivation of
the plug-in. Used to delete temporary plugin data.

e register uninstall hook () - registers the function
called when removing the plugin.

B. Configuration of Speech Signal Transmission and
processing
In order for the neural network to be able to process
the audio signal and be able to encode / decode it, the fol-
lowing algorithm was developed:

/ **<code> .Google.cloud.texttospeech.vl.AudioEncoding audio_encoding = 1 [(.Google.api.field_behavior) = RE-

QUIRED]; </code>
* @returnint * /
public function getAudioEncoding ()
{return S this-> audio_encoding;}

/ **<code> .Google.cloud.texttospeech.vl.AudioEncoding audio_encoding = 1 [(.Google.api.field_behavior) = RE-

QUIRED]; </code>
* @param int $ var
* @return $ this
*/
public function setAudioEncoding ($ var)

{

GPBULil :: checkEnum (S var, \ Google \ Cloud \ TextToSpeech \ V1 \ AudioEncoding :: class);

S this-> audio_encoding = $ var;
return S this;

}

<code> double speaking_rate = 2 [(.Google.api.field_behavior) = INPUT_ONLY, (.Google.api.field_behavior) = OP-

TIONAL]J; </code>
* @return float
*/
public function getSpeakingRate ()
{ return $ this-> speaking_rate;}

/**

<code> double speaking_rate = 2 [(.Google.api.field_behavior) = INPUT_ONLY, (.Google.api.field_behavior) = OP-

TIONAL]J; </code>

* @param float S var

* @return $ this

*/

public function setSpeakingRate ($ var)

{ GPBUHil :: checkDouble ($ var);
S this-> speaking_rate = $ var;
return S this; }

C. The data obtained:

@type int $ audio_encoding - Required. Audio byte
stream format.

@type float $ speaking rate - Speech speed in
the range [0.25, 4.0]. 1 is the normal speed supported by
a certain voice, 2.0 is twice as high, and 0.5 is twice as
low. If unset (0.0), the default setting is 1.0. Any other
values

0.25 or> 4.0 will return an error.

@type float $ pitch - Speech height, in the range
[-20.0, 20.0]. 20 means an increase of 20 semitones from
the initial pitch. -20 means a decrease of 20 semitones of
the original pitch.

@type float $ volume gain db - Volume boost
(in dB) from normal native volume, supported by a spe-
cific voice, in the range [-96.0, 16.0]. If not set or set to
0.0 (dB), it will play at the normal amplitude of the native
signal. And the value of -6.0 (dB) will be reproduced at
about half the amplitude of the native signal. The value
will be +6.0 (dB).

@type int § sample rate hertz - Synthesis sampling
rate (in hertz) for this audio. When it is

@type string [] | \ Google \ Protobuf \ Internal \
RepeatedField $ effects profile id - an identifier that
selects "audio effect”" profiles that are applied to (after
synthesized) text before broadcast.
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The effects are applied in the order in which they are
presented at https://cloud.Google.com/text-to-
speech/docs/audio-profiles.

D. Decoding configuration.

<? php<code> Google.cloud.texttospeech.vl1.SynthesizeSpeechRequest </code> {

/ * %k
The synthesizer requires either plain text or SSML as input.

<code> .Google.cloud.texttospeech.vl.Synthesisinput input = 1 [(.Google.api.field_behavior) = REQUIRED];
</code>

* [ private $ input = zero; / **

* Voice synthesized audio.

* Generated from protobuf field <code> .Google.cloud.texttospeech.vl.VoiceSelectionParams voice = 2
[(.Google.api.field_behavior) = REQUIRED]; </code>

*/

private $ voice = zero;

/ *** Synthesized audio configuration.*

* Generated from protobuf field <code> .Google.cloud.texttospeech.vl.AudioConfig audio_config = 3
[(.Google.api.field_behavior) = REQUIRED]; </code>* /

private $ audio_config = null;/ **

* @param array $ data {

* Not necessarily. Data to populate the Message object.
@type \ Google \ Cloud \ TextToSpeech \ V1 \ Synthesisinput $ input
The synthesizer requires either plain text or SSML as input.

* @type \ Google \ Cloud \ TextToSpeech \ V1 \ VoiceSelectionParams $ voice
Synthesized audio voice required.

* @type \ Google \ Cloud \ TextToSpeech \ V1 \ AudioConfig $ audio_config

* Required. The synthesizer requires either plain text or SSML as input.

**  Generated from protobuf <code> .Google.cloud.texttospeech.vl.Synthesislnput input = 1

[(.Google.api.field_behavior) = REQUIRED]; </code>
* @return \ Google \ Cloud \ TextToSpeech \ V1 \ Synthesisinput
*/

CONCLUSION [S

In the process, the project idea was described, which is to I-I p OCTO BU D,i NN TEeKCT

develop a batch solution for CMS WordPress® for voice
content on websites [Fig.2]. Development of a user-
friendly interface and installation system will help to
enable the visually impaired to consume content on sites.
The project was hastily developed using Google Cloud
technologies, Kubernates and Java Script, PHP and Scala
programming languages and applied on the websites
http://ames.kpi.ua/ and voice.uttermouse.com/. Also, for
successful work, a deep neural network was created and
trained to reproduce Ukrainian speech, the neural net-
work was trained for a year and a half using programma-
ble tasks and speech samples.

Fig. 2 Screenshot of the site with integration.
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"KniBcbkuii nositexHiyHui iHCTUTYT iMeHi [ropst Cikopeskoro” ROR 00synSv21
KuiB, Ykpaina

Anomauyia—Y €TATTi ONNCAHO CHCTEMY CHHTe3y Ta 03BYYyBaHHSl KOHTEHTY Ha caiiTax yKpaiHCbKOI0 MOBOIO, IPHU3HA-
YeHY A5 CIIPOILIEHHS CIIOKMBAHHS KOHTEHTY /I JIIO/Ieil 3 BalaMu 30pY, sika BiAPi3HAE€ThCA MPOCTOTOIO iHTerpauii B Haii-
MOMyJISIPHIIY CHCTEMY YHpaBJIiHHA KOHTEHTOM Ha caiitax, a came CMC Wordpress.

Hapasi 1oa1 3 Bagamu 30py ayske o0Me:KeHi y BUKOPUCTAHHI IHTepHeT-IPOAYKTIB, OCKiNbKH OlIbLIICTHL BeO-pecypciB
He aJanToBaHi 10 ixHix norped. Cy4acHi inpopmaniiini TexHoJI0ril 103BOIAIOTH TAKUM JIIOAAM OTPUMYBATH iHopManilo
MopsA i3 310POBOI0 3aBASAKH PillIeHHSIM, PO3P00JICHMM BYCHHMH Ta iHAKeHepaMu 3 Pi3HUX KpaiH.

TexcroBa iHdopMamist Moske GyTH JOCTaBJeHA JIOASM 3 BaJaMH 30pYy 3a J0NMOMOTI0I0 JIYNH a0 HMUISIXOM MPOrpPaMHOro
30inb1IeHHsT IWPHPTY, He3PAYNM — 03BYYYBAHHSIM TEKCTY 3a JONMOMOI0I0 KOMII’IOTEPHHX NMporpaM ado BigoOpaskeHHAM
TeKcTiB Ha expaHi Bpaiias MoniTopa. Lle edekTUBHE pilieHHs, ajle BUOIp MeToAiB BiATBOpeHHs Takol iHopMmauii MalOTh
MOBHICTIO 3a0e3me4uyBaTH caMi JIIOAU 3 00Me;KeHUMH MOKJIHBOCTSMH, LI0 € 3HAYHOI0 MPO00/IeMOI0 Yepe3 3HAYHI BUTPATH
Yyacy Ha CIOKMBAaHHA iH(opmanii.

06 mosiermuTH CIPUIHATTS JIO/CH i3 BajaMu 30py miJ 4ac BUKOPUCTAHHS BeO-CalTiB, po3po0/eH0 MiKHAPOIHUI
CTAHJAPT MJIs BeO-MaiicTpiB — NOCiOHMK i3 JocTynHoOCTI BeO-koHTeHTY i Ha3Boo W3 Web Content Accessibility Guidelines
(WCAG) Consortium 2.0. CTanaapT AeTajlbHO ONUCYE€ BUMOIH JIIOJeil 3 BaJlaMH 30pYy, IKi PeKOMEHAY€ThCsl BUKOHYBAaTH,
o0 BOHH MoryM Oe3 nmpod.eM neperjsaatu Bed-caiiT. OcHoBHi nosoxkenHss WCAG 2.0 onucyBaTUMYTh apaMeTpH Ta
AJITOPHTMH MacIITA0yBaHHs, KJIacTepu3auii Ta noaiay indopmanii nporpamamu AJ1s J10jei i3 BaiaMu 30py Ta HAAaAyTh
pexoMeHIaNii 010 HANMCAHHSA KOy Be0-caiiTy.

OnHak uia peanizanii Takux pekoMeHaalii BeG-MaiicTpaM Heo0XiTHO BUBYUTH HOBi IPMHIUIIU Ta AJTOPUTMHU Nporpa-
MYBaHHSI Ta BUKOPUCTOBYBATH 10JaTKOBI iHcTpyMeHTH po3podku. Lle yacTo OyBae ckj1agH0, BUMArae 101aTKOBOI MiAroTo-
BKH, 110 TATHE 32 c00010 HeBUKOHAHHSA Bed-MaiicTpaMu Takux BUMOT. Taka cucrema Gysa po3po0/ieHa Ha 6a3i rITHOMHHUX
HEHPOHHUX MepeK Ta Ma€ MOXK/IUBICTh iHTerpyBaTHCsl B HAlNONMyJISPHiNIy B CBIiTi cMCTeMy yNpaBJ/liHH KOHTEHTOM Bed
caiitiB WordPress® i onniei cucremn Google® Cloud Platform®.

3a 710MOMOro0 BHKOPHCTAHHS Ta HABYAHHS INIMOMHHUX HEHPOHHHX Mepe:k 0yJI0O aganTOBaHO MPOLEeIypPy CHHTe3Y
MOBJIEHHS i/l YKPailHCBKY MOBY, a TaK0K P03p00./IeHO NaKeTHe pilleHHs (apXiB MJIariHy 104a€ThCsI 10 TUIIOMHOI po60TH)
1JIs1 inTerpauii TaKoi CHCTeMH CHHTe3y MOBJICHHSI B caiiTH Ha 6a3i cucTeMu ynpagssinus konrentom WordPress®, npakru-
YHA YaCTHHA po0oTH peasi3oBaHa Ha Bel caiiTi www.voice.uttermouse.com.

Jns nogajabuoi 3py4YHOCTi KOPUCTYBAaHHSA €JIa0030pUM Ha caiiT OyB iHTerpoBaHUIi IoJI0COBUIi YaT, IKMii po3po0d.ieHO
3a gonomoru cepaicie Google® Cloud Platform ta Google® Dialogflow Ta Google® Speech to Text API i aganrosanuii ajis
po6otu 3 Bed caiiTom 3a nonomorow mosu PHP.

Knrouosi cnosa — cunmes mosnenns; niompumka ciadkozo 30py; anzopumm po3ni3HA6anHs; 00pooKa npupoonoi mosu;
HelponHa mepedxca; po3yminHA npupoonoi mosu; eeo-inmezpayia; CMS Wordpress.
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