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VIRTUAL DIGITAL ASSISTANT WITH VOICE INTERFACE SUPPORT

Abstract. A virtual digital assistant which can work with arbitrary systems and provide an effec-
tive solution of narrowly focused user tasks for interaction with Ukrainian services voice inter-
face supported has been proposed. The developed web service was implemented by using the PHP
programming language, Wit.ai service for audio signal processing, FANN library for neural net-
work construction, Telegram service for creating an interface.
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Problem. The increase in the total amount of information that a person must
process has necessitated the creation of systems for daily tasks automation. In addi-
tion, modern machinery is equipped with components sufficient to create an inter-
active interface. So this allows to develop software products for fast processing of
text and voice requests of the user.

Analysis of researchers. Today, the software market offers the user lots of dif-
ferent virtual digital assistants (VDA), designed for the porpose of effective interac-
tion with external online services for everyday problems solving (scheduling, organi-
zation and execution of everyday affairs, contextual information retrieval, etc.) [1].
However, the existing universal solutions (Google Assistant, "Anuca", "Oycs", Bixby,
Siri) do not allow the user to solve narrowly focused tasks (e.g., control of parcels at
leading postal operators, ordering transport tickets, taxi call and etc.) effectively
without the request specifying (choice of service among those are proposed by assis-
tant and further manipulation with this one). Most of VDAs are focused on the for-
eign market and do not have close integration with Ukrainian services (the applica-
tions have only the basic functionality of device management and provide the work
with a limited set of systems), so it reduces the efficiency of their work. The effi-
ciency of the VDA is also affected by the way the commands are entered (text, voice,
etc.) to execute a specific request. Voice interface support provides the most com-
plete implementation of the program compared to the text version of the command.
Therefore, the development of the virtual digital assistant that will ensure simulta-
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neously close integration with domestic services and support of voice interface is
relevant and needs to be studied further.

The aim of the work is to summarize and systematize the results of research [2]
according to the development of the virtual digital assistant with a voice interface.

The main part. The general structure of the project using the development
modular approach is shown in the Figure 1.

The core of the software product allows you to receive data from the input
module, process them (depending on the request) and transmit to the output mod-
ule. This system allows not to depend on external services, giving the opportunity to
switch to other service easily if necessary. This feature of the architecture will allow
to implement both the web interface and messages with third-party programs (e.g.,
Telegram) easily.

Interaction with the
service for speech
signal converting
into text via API

Converting

audio signal
into text

Request classifica-
tion using the neural
network

Fequest
analvysis

l DataOutput I: Request

sending
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ated request to the spe-
cific service via API

Figure 1 - Software product architecture

The general architecture consists of (fig.1):

- Data input module. Allows the user to interact with the system by entering
the text or voice command

- Data verification module. Performs the analyzing function applied to the en-
tered information. If the data is text, the request is sent to the analysis module. If

it’s audio, then the request is sent to the conversion module
ISSN 1562-9945 (Print) 43
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 2 (133) 2021 «System technologies»

Module of data sending for conversion. Allows to convert user's request quickly
and return a text response

- Request analysis module. Analyzes the user's request and compares it with
the software command.

- Request sending module. After the request has been generated, the program
sends it to the appropriate subroutine.

- Data output module. After the information has been received, its formation
and output is performed

Figure 2 shows the directory structure of the developed application.

API. This folder contains files that are responsible
for the system's interaction with the external services.
They allow to send a request to the definite resource,
depending on the user's command, and then return the
response

Learning. It's necessary a neural network to be
created to process user requests intelligently. To teach
it the request type determining, it's needed to create
the training data, which will later be located in this
folder.

Vendor. To accelerate the development of the

software product, it is necessary to use the third-party
frameworks. According to the current standard, they are Figure 2 - Directory
sent to this folder structure

Config. In order not to add data for the connection to the database in each ex-
ecutable file, access constants and other project settings quickly, all configuration
files are located in this folder

Command processing tools

After defining the entered command, the task of its implementation appears.
You need to develop an appropriate routine to do this. Implemented tasks can be di-
vided into several classes:

- Basic interactions with user data.

- Request of the data from external online services.

- User data processing that requires operating system tools.

Interaction with the database

In this case, the work is carried out with the connected database. Regardless of

the selected database software implementation, there are such requests. The first
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one is the request for data available in the database and the second one is the re-
cording of new data into the database (Fig. 3).

v & kenguy al_vocabulary

g id : int{11)

@ word : text 1 & kengupich al_position
g id : int(11)

% © kencupich al_menu / # position : int(5)

g id : int(11)

# parrent : int(11) 1 © kengupich.al_notes
5 name : varchar(20) @ id  int(11)
@ note : varchar(20)
¥ © kengupich al_users { 4 owner: int(5)
g id - int(11) P

2 name : varchar(20)

Figure 3 - Database design

This procedure is undemanding to the machine resources, so it is performed
rapidly.

Interaction with third-party service and the choice of the services

To implement user interaction with the system through voice commands, it's
necessary to send the received audio file to the appropriate service for decoding.
This method can significantly reduce development time, as it offers higher accuracy.
To solve this problem, the Wit.ai service was used to convert the audio signal to a
symbolic form by interacting with them via the API. The system receives an audio
file in "ogg" format and returns the finished text in JSON format. To interact with
this service, one needs to send a voice file using the cURL function (Fig. 4).

$witaiurl = "https://api.wit.ai/speech”;
$witaikey = "HDWH2FKPAOIQTPCDIAAWARHS7H2RAABG";
$date = date();

LI = T R R TY)

$url = $witaiurl.'?v=".%date. '&access_toksn=".%witaikey;

a8

9 $data = file_get_contents("sample.ogg”);

16 $result = null;

11 $headers = array();

12 $headers[] 'X-Requested-With: JSONHttpRegquest';
13 $headers[] "Content-Type: audio/ogg’;

15 $resource = curl_init();

17 curl_setopt($resource, CURLOPT_URL, $url);

18 curl_setopt($resource, CURLOPT_HTTPHEADER,$headers);
19 curl_setopt($resource, CURLOPT_CONNECTTIMECUT, 3@8);
28 curl_setopt($resource, CURLOPT_TIMEQUT, 3@@);

21 curl_setopt($resource, CURLOPT_POST,1);

22 curl_setopt($resource, CURLOPT_BINARYTRANSFER, true);
23 curl_setopt($resource, CURLOPT_RETURNTRANSFER, 1);
24 curl_setopt($resource, CURLOPT_POSTFIELDS,S$data);

26 $result = curl_exec($resource);

Figure 4 - Sending a voice file for processing
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Also, based on customer's requirements, the service OpenWaetherMap was
chosen. It allows receiving weather information for the current and some next days
for free. Another external service is the Ukrainian company «HoBa ITomra». The pro-
gram allows you to re-check the status of the parcel quickly without using the third-
party applications.

Creating a neural network

Since a strictly limited set of commands will make it difficult to interact with
the assistant (when scaling the application, the number of commands will increase,
and this will cause difficulties in the program mastering), there is a necessity to con-
vert the received characters into a specific query. It's necessary to perform the intel-
ligent processing of the original text to achieve this. An effective solution to this
problem is the use of neural networks. To teach the system determining the query
while using the associative memory method [3], it's necessary to convert words from
the original text into numbers and compose the vector, and then repeatedly corre-
late the specific vector with a specific query. In this manner the map of relationships
is created, and according to it any text will be converted into a specific query. After
the request specification it's necessary to start a cycle of works with a certain service
by means of the presented API. In practice, there is often a need to use the ready-
made solutions that significantly can improve the development of the software
product. We used a ready-made library - FANN (Fast Artificial Neural Network) in
this work. This allowed us to implement an artificial neural network with the speci-
fied parameters quickly. It offers the high speed and flexibility in use, so one can
solve the most of problems. To create a neural network, the function of the FANN
library - fann_create_standart_array () is used. The arguments of the following func-
tion are

1. The number of layers.

2. The array with the following data:

+ Number of the network entries. This is the total volume of the dictionary in
this task.

« Number of the hidden layers. It is determined experimentally.

« Number of the network outputs.

The dictionary is determined on the basis of all the unique words that are pre-
sented in the training data. To optimize the dictionary, it is necessary to process
each word with the function of determining its root.
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Preparation of the educational data

To train a network it's necessary to create files with the names that correspond
to the names of the commands they belong to. The file should consist of phrases that
can be assigned to a specific command. Each line must end with the sign according
to Fig. 5.

Korga GypeT noceinka?
loe cefd€ac nocelnka?
WHGOpMALKA O MoYTE.
CKaxu, rae nocelika.
CTaTtyc HOBOW MOYTEHL
CTaTyc MOCHUIKM .
TERYWHA CTATYC NOCEKM.
roe ceilvac nodta?
Korga npwegert no4rta?
CKONBKO ¥43Tk NOCHNKY?
CKONBKO ¥OaTh noqryﬂ

[~ T T = B Rs [V y B O FE R A )

=

Figure 5 — Sample of the educational data

To ensure the support for any number of commands, the search for the appro-
priate files in a given directory is carried out (Fig. 6).

$dir = _ DIR__."/lzarning”;
$filesl = scandir($dir);
$partipal = '.data’;

$data_files = array_search_partial($filesl, $partipal);
foreach($data_files as $row){
$fileInfo = preg_replace(’/[%d_]/ui’, "', file_get_contents(%dir.”/".$row));

preg_match_all("'/\b\w+/u', $fileInfo, $fileInfoWord[]);
preg_match_all("/*[‘\w\s]+/um’, $fileInfo, $fileInfosStr[]);

Figure 6 — The search for training files

Next, it's necessary to analyze all the files given to the system, separate the
roots from them using the Porter stemmer, and create the dictionary of the words.
The volume of this dictionary will determine the size of the vector that will be fed to
the input of the neural network. Then the vectors of a given length and consist of ze-
ros are created. After that, the words obtained from the training files are processed
with the function, which returns the sequence number of each processed word from
the created dictionary. The obtained numbers are used as position indices of ones in
the created vector. After the module has been executed, a new file "learn.data" is
created. Then it is fed to the neural network for learning. Then the model with the
coefficients of all neurons is created (Fig. 7).
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The neural network training is carried out through the analysis of the educa-
tional materials. To do this, we need to create the appropriate files with the "data”

extension.

36 connections (connected to_neuron, weight)=(8, -1.82492495158947889463e-81) (1, -6.2642436467518147758@e-01) (2,
-5.48284642568309665833e-01) (2, -5.77062718740184665833e-01) (4, -4.88926238170345188204e-21) (5, -4.67223845592228188204e-01)
(6, -5.8930142380108630767%-81) (7, -5.06282600933425785218e-81) (8, -5.47350801607452427064e-01) (9,
-6.83186416931827427064e-01) (1€, -5.73882784864385486756e-01) (11, -5.52612836636558785218=2-81) (12,
-5.27734100988586307679e-01) (13, -4.1479364563096704400082-01) (14, -7.277488208099886566572-01) (15,
5.40781222448013364736e-81) (16, 6.16796837806007856285e-81) (17, 5.7744845430866998066322-01) (18, 1.118514946568318313552+88)
{19, 1.135793997814677194162400) (28, 9.837108588660986253531e-01) (21, 8.57944636125874815491e+00) (22,
©.25499492172146775992e-01) (23, 1.020188172920126316252+00) (24, 7.67616255764487775970=-81) (25, 6.999117793825165096672-81)
(26, 7.41681453997356877146e-01) (27, 7.39864810415795835662e-01) (28, 4.58452219462217892683e-01) (29, 1.18484795736255055232e
+80) (38, 1.409813835227628153752+8@) (31, 6.35607674315897126438e-81) (32, B8.28241360083600199716%¢-81) (33,
6.86542864879007503821e-01) (34, 5.9283520443600041@1382-01) (35, 5.8711957309151289227922-81) (36, 7.952936328938693399952-81)
(37, 1.18977862555643754128e+08) (38, 7.27727719630728789566e-81) (39, 5.35942457878334079141e-081) (48,
5.5565874679628490@@042-01) (41, 5.38660400430202601944%2-81) (42, 3.215871401876877726132-81) (43, B8.3806834638418592295842-81)
(44, 8.717721508202542557992+408) (45, 9.39721062187425348888e-01) (46, 6.15427622436933406886e-01) (47,
7.99598062636545507188e-81) (48, 8.348777238022866265722-81) (49, 5.63487648349548873873e-01) (58, 7.89160328088718948336e-081)
{51, 5.96030@181521868482192-01) (52, 6.753187244719964787972-01) (53, 6.67322289794838070454e-01) (54, 1.1759297471131964218%
+09) (55, 6.378911404305203092242-01) (56, 1.1470784238@876336220e+00) (57, 1.28514117512962060097e+80) (58,
1.49483481763555871513e-81) (59, 1.64491293133613131205e-81) (6@, 2.49719346359452198936e-01) (O, 8.86574395622684822556e-83)
{1, -3.16174972149133292431e-01) (2, -2.081165685733563@8658e-01) (3, -2.81761586614490244784e-01) (4,
-1.61839788634257958504e-01) (5, -2.02863872301191065707e-01) (6, -2.53048209198356308658e-81) (7, -3.31572376139999125460e-01)
(8, -2.18773274458402856188e-81) (9, -1.812540977978474288432-81) (18, -2.72381137395748244734e-81) (11,
-2.114@62555@9257950584e-01) (12, -3.274097814639813641692-01) (13, -1.69408068009257950504-01) (14,
-2.83526720353087958584e-01) (15, 3.63980138719078378035e+0@) (16, -2.343086752638115244784e-01) (17, 3.70628122415530504812e
+88) (18, 2.34845818084747341851=+08) (19, 2.178347@10598263393297=+8@) (28, 2.96742639008027131453e+80) (21,
8.62564997453000815491e+00) (22, 3.011573121576128553302+00) (23, 3.772024534782270948122+00) (24, 3.045521858685343030842+08)
(25, 2.32953280787872341851e+88) (26, 2.20282381977843311285e+88) (27, 2.02683845211726243392e+80) (28, 2.32090242734427660428e
+80) (29, 2.233597746304741171742+00) (38, 2.33121127467559841@51e+8@) (31, B8.35128748970106116686e-81) (32,
2.319594545867493251568-01) (33, 2.956067748002262433922+00) (34, 4.267797138461366511712+0@) (35, -1.814319937985070958504e-01)

Figure 7 — Coefficients for the words

To verify the operability of the software module, a number of tests were per-
formed. The correctness of the ratio of the entered request to the specific program
command was evaluated during these tests. For clarity of the result the function of
output to the browser window was created. It's arguments are the input phrase, the
coefficients accepted during processing for each of possible outputs of the system
and the system verdict based on the choice of the maximum coefficient among re-

ceived ones (fig. 8).

frput: ArmBepr, coagd @y i AtnBEpT, EOCRS NotEER BYRET RocTAEsEHE] imput: Areflepr; smme B 3BTRS mymen SomTHod
prray(3) | prray(d)

[@]=x (L EH

Tloat (056312 19E131336) [0, GBETISATLAETTY flont (-0, DERSTRERATAITET )

[1]== [1]=>

Tloat (. A5ET5HMBGFF15] BEAFC I GRISHTY float( -0, D0 SEMESI0EED4T ]

13]ms [2]=¥

Float D, 251000 7SSEAGE ] 3 R TRA ]I TR SR Y Tlost (8. 968431 33598191 )
sotput: @ = Adddete output: 1 - CheckMailDeliwery wrtpwti I - ForecasiTommorrown

Figure 8 - The tests for answers correctness

Voice interface testing

After the voice request has been received, the system automatically sends the
file to the processing service, which returns the text response. Figure 9 shows the
operation of user requests that have been processed and converted to text.
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>

OBpabaTteiBao

@ A XOUY 33Ka3aTb ey NOKaXN MHE DeCTopaHsl

Figure 9 - Voice interface testing

Speed analysis

To determine the speed of the system, it's necessary to use a timer that will
measure the execution time of the executable code. To implement this functionality
in PHP, there is a function microtime (), which returns a Unix timestamp measured
in microseconds. To assess the performance of the program before the execution of
each of the code snippets, the temporary timestamps were added. After its execution
the request to regain time was made. The difference between the two timestamps is
the execution time. The results of the system speed testing are shown in table 1.

input: AnsbepT, Korga MHe NpHBESYT NOCBIAKY?

array(3) {
[@]=>
float(-8.18343690233863)
[1]==
float(@.%@813582589351)
[2]=>
float(9.48177461767165)

1
J

output: 1 - CheckMailDelivery
BpemAa cozgaHwA HedpoceTu: @.8385 cek.

BpemAa, Heobxogumos AnA SarpysKM mMOLEnM HeApoceTw: ©.8832 cek.
OBwee Bpema oBpaboTkW 3anpoca HelpoceTobw: B.8338 cek.

Figure 10 — The test result

Table 1
Testing of the system speed
Inspection Min Avg Max
Neural network creating 0.0186 c. 0.02655 c. 0.0509 c.
Model download 0.0027 c. 0.0058 c. 0.0322 c.
Total execution time 0.0216 c. 0.0325 c. 0.0833 c.

The obtained testing results allow asserting the high performance of the sys-
tem.

Conclusions. The paper offers the virtual digital assistant with the voice inter-
face support. The developed web service was implemented using the PHP program-
ming language, the Linux operating system, IDE Visual Studio Code, Apache web
server. The startup Wit.ai was used to process the audio signals. A ready-made solu-
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tion - FANN (Fast Artificial Neural Network) was used to build the neural network.

The Telegram was chosen as the service for the interface creating. This messenger
allows third-party developers to program their own bots. These bots are the third-
party utilities that run inside the program and significantly expand its capabilities.
The finished product allows you to receive user requests from any application, proc-
ess them and return the answer to the user both in the web-interface and in any ap-
plication.

Further development of the proposed research can be carried out in the direc-
tion of expanding of the developed application functionality by adding of other re-
quired functions (calculator, reminder, integration with the taxi service, search que-
ries, current exchange rate); by the Ukrainian language support adding; by adding of
the new training data to increase the accuracy of the neural network request analy-
sis; by expanding of the platforms list to interact with the application.
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BipmyansHuii yugposuii accucmenm 3 niompumKor 2010c08020 iHmepgelicy
3anponoHOBaHO BipTyasbHUNA LUMGDPOBMIA NOMIYHMK, O MOXE NPALIOBATU 3 AOBiIILHUMU
cuctemamu Ta 3abe3nevyBaTu eeKTUBHE pilleHHs BY3bKOHANPaBJEHUX 3aa4 KOPUCTyBaya no
B3aemopii 3 yKpaiHCbKMMK cepBicamu 3 MigTPUMKOIO ronocoBoro iHTepdeiicy. Po3pobneHuit
Beb-cepBic Oy/i0 peanizoBaHo 3a fonomoroio Mosu nporpamyBaHHs PHP, cepeicy Wit.ai ans
06po6ku aypiocurHanis, 6i6niotekn FANN gns nobyposu HeilpoHHOT Mepexi, cepBicy Telegram
AN CTBOPEHHSA iHTepdeiicy.
BupmyansHeiii yughposoli accucmerHm ¢ noddepxKKoli 2010c08020 uHmepghelica
MpennoxeHo BUPTYaibHbIA LU POBOI NOMOLHUK, KOTOPLIA MOXET paboTaTh C NPOU3BO-
NIbHBIMU cucTeMamn 1 obecneynBaTb 3 (EKTUBHOE pelleHne Y3KOHANpaBAeHHbIX 3afay MOJib-
30BaTena no B3aMMOAENCTBUIO C YKPAUHCKUMU CepBUCaMU C MOLAEPIKKON roN0COBOro MHTEp-
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teiica. Pa3paboTtaH Be6-cepBuUC Obl peann3oBaH C NOMOLLbIO A3blKA NporpammupoBaHus PHP,
cepsuca Wit.ai gns o6pabotku ayanocurHanos, 6ubnnoteku FANN ans noctpoeHus HENPOHHOW
ceTu, cepsuca Telegram ans cospaHus uHTepdeica.

Cmipiunen B'ssuecsiaB BacuaboBuUY - 1OIIEHT, K.T.H., TOLEHT Kadeapy MporpaMHO-
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