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Voice control in mobile applications

Hlasové ovladani v mobilnich aplikaci



Voice control in mobile applications

Summary

The current bachelor thesis is focused on the topiihe Voice control in mobile
applications. The first part of the thesis is thedretical framework, which defines the
history of appearing of Artificial Intelligence (AlIThe following information is provided:
descriptions of the development and use of Al, figitiest, etc. The second part covers the
knowledge about the speech recognition system iohme, such as the voice command
process and specific features of industrial voioatl| system. This part consists of the
theoretical specification of speech control, theadi@tion of first mobile application and
voice control, comparison leaders of voice contiaghobile application such as Samsung S-
voice, Apple Siri, Windows Voice and Blackberry ¥ei In addition, it is given an
overview of each application.
The third part is presented in the form of the gl and practical research. The analysis
are concentrated on the evaluation of each apiicawhich includes Samsung, Apple,
Windows and Blackberry smartphones by using thetiMiriteria Analysis for decision
making. This ranking method represents the bestoatichal decision in accordance to the
theoretical part, own solution and questionnairéhode independent experts. The results are
analyzed according to the certain criteria and lieathe determination of the best voice
control.

Keywords

Al(Artificial Intelligence), Turing test, voice comand process, industrial voice control
system, voice search, Google Voice, Siri



Hlasove ovladani v mobilnich aplikaci

Souhrn

Tenta bakaliska prace je zatrena na temata Voice control in mobile applications
Prvnicast prace obsahuje teoritickou baze ¥lsyici historie vytvdeni Unglé Inteligence
(UD). Nasledujici informace vymezuje pojmy: popsemiiku a pouziti Ul, Turing test, atd.
Druhi ¢ast prace informuje o systemu pozpoznavétiive zdrojich, tak jako proces
hlasového ovladani a specifické rysyiupiyslového systemu hlasové kontroly. Taést
obsahuje teoretické pojmy hlasového ovladani, pdpsabilni aplikace, jako Samsung S-
voice, Apple Siri, Windows Voice and Blackberry ¥ei Pro dopléni je grepraveno
definovani kazdy aplikace.

Treti ¢ést ja vytvéena v podod analetického a praktického vyzkumu. Analyzy zaledi
ohodnoceni kazdé aplikace, tiggad Apple, Windows and Blackberry smartphones,
vyuZzivajici Multi-Criteria Analysis pro rozhodovanTato metoda igzentuje nejlepsi a
optimalni feSeni na zakladteoretickécasti osobniteSeni a dotaznikidch nezavislych
experfi. Vysledky jsou ohodnoceny #l urcitych netitcich a vmezuji nejlepSi
rozhodovani.

Klicova slova

Uméla intelligence, Turingv test, proces hlasovéhdikazu, ptimyslovéftidici hlasovych
system, hlasové vyhledavani, Google Voice, Siri.
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1. Introduction

Day by day humankind making a new step in msgr create a new idea, new
technology, with purpose making easier and fastgk for maximum saving time and

energy of the people.

Not a long time ago, we were not able to thin&tttoday we can chat with each
other, see each other via devices, using pc andilenphones. However, today,
conversely, people are so adapted and dependedhe ofirtuality, that nowadays it is
hard to imagine people’s regular life without tepuipment, which are surrounding men
everywhere.

The scientific name of human is homo sapiens-marwike- because people’s mental
capacities are so important to everyday lives dmelgense of self. The field of artificial
intelligence, or Al, attempts to understand ingdint entities.Al has produced many
significant and impressive products even at thityestage in its development. Although
no one can predict the future in detail, it is alegdat computers with human-level
intelligence (or better) would have a huge impaotaur everyday lives and on the
future course of civilization.

Al is one of the newest disciplines. It was forgnalitiated in 1956, when the name was
coined, although at that point work had been unaay for about five years.

Al currently encompasses a huge variety of sudsfjdlom general-purpose areas such
as perception and logical reasoning, to specifiskeasuch as playing chess, providing
mathematical theorems, writing poetry, and diagngsdiseases. Often, scientists in
other fields move gradually into artificial intedeénce, where they find the tools and
vocabulary to systemize and automate the inteldédfasks on which they have been
working all their lives.

In the field of building intelligent mobile assiatze systems, Al is not only a nice add-on
but also a necessary pre-requisite. Moreover, st pne Al technique is needed here.
As we can see in the contributions to this workslaowhole set of different techniques
are to integrated in order to reach a satisfyingad_earning, for instance, is crucial
for user-adapted services. Both symbolic Al leagnmethods and sub-symbolic Al
methods from the field of neural networks can pievine necessary flexibility for a

system that adapts to the user’s preferences ferdiit contexts. In addition, spatial



reasoning becomes a central component of locatwara systems. Here, these methods
are challenged with real world environments andah be shown that they are not only
useful in some toy-environment of a block worldusation. Other techniques may be
used for resource adaptive services and for snwardlization of the user, e.g. through
decision-theoretic planning of navigation instracts. (RUSSELL, Stuart J a Peter
NORVIG. Artificial intelligence: a modern approach. Englewood Cliffs, N.J.: Prentice Hall. ISBN
01-310-3805-2.)

This new workshop Artificial Intelligence in Mobil8ystems (AIMS) brings together
researchers working in the sub-fields of Al desadilabove and those working with the
design of mobile applications and devices. The wloop provides a platform for

presentations and discussions on these variousstogated to mobile systems.

Thanks to this achievement and tests now we aeetalireate and use Voice Control or
Voice Recognition in operational systems, mobilepligptions, such as Android,
Symbian, iPhone, Windows Mobile, BlackBerry, Javalile Edition, Linux Mobile.



2. Thesis objective and methodology

2.1.Objective

Exploring the topic Voice control in mobile applica, there were delivered the
main goals for widely studying certain aspects daiyerelated to topic such as human
progress before and now. In the first part or that bbjective is to describe an overview of
artificial intelligence, its importance and necégsrelevance and actuality, demonstrate a

brief history in which there is written about therihg’s test.

Approaching to the next objective, author procegdm the second part of thesis.
The second goal is a principle part, analysis degvdse description of practical part. The
phased description will be given a real exampleaite control, such as Google voice, Siri
from Apple. In this case, the author selects thmeswoice recognition programs on several
types of mobile devices, such as Android, iOS, Sgmketc. There is clearly displayed
functionality, properties of each applications. Tgregram is designed to user that could
easily extend to using with application, and theliagation function must work properly
with the minimum amount of mistakes. The integmatimetween user and devise is when
user speaks some name from contact list of his leobiautomatically should request for
dialing to the owner of the number. This part ¢sissof feedback and discussions about the

usefulness, advantages of voice recognition systems

The partial goal is about criteria for evaluatiéor, which author is using special method,
which calls Multi-Criteria Analysis of variances (@A). Based on information from the

second part and following to it, it could be possits determine which one of the program



works best and which one is the worst. This palitskiow the significant idea of the thesis,

which is based to the objectives below.

2.2 Methodology

Source of materials, information, facts and hyps#isewere gathered by the author,

using research articles, book and newspaper putdjsh

The basis of the methodology is the first step,civhwill be taken into consideration almost
all aspects of voice command processing (speecbgnéon, syntactic and semantic
analysis and spontaneous speech effects) and -impgttantly - their mutual influence. In

the same article, it would be examined the follayunethods:

Assay of the literature related to artificial inigénce and mobile applications; Multi-
Criteria Analysis of decision making ,Comparisonvween leaders of smartphones market
Apple and Samsung; synthesis; Theoretical anabsa synthesis; abstraction; induction

and deduction; classification; generalization;

The second part will be examined using the invasitg method that is called MCA (Multi-
Criteria Analysis). In assuring method will chedietpractice analysis, its gradual steps,
decision, the use of investigation, and the mogtoirtant one is results. Based on the

theoretical knowledge and practical example theksion will be formulated.



3. Artificial Intelligence.

John McCarthy

The Artificial Intelligence (Al) is a sciencereations of intelligent machine that
carry out tasks, and better and quicker, than gecgrh. Al actually is not about intelligence,
though. It is a question of a solution. Neverthgledecisions in the field of artificial

intelligence always are mathematics and computer.
Science birth.

Until 1950th years, the phrase in itself does xiétan general! However, all this changed,
thanks to John McCarthyThe Father of Artificial Intelligence

John McCarthy is mathematician who considers thathimes can be made the reason, as
well as people. In 1956, it sponsored the Dartmgetdr Research Project on Al to
investigate this opportunity. At conference, Mc@wrtollected some of the most creative
thinkers in the field of mathematics, logic, engineg, psychology, and then new area of
informatics. As a result of this conference, ai#fi intelligence became recognized as

separate area of research.

3.1 Ideas and citations of scientists.

Previously, when the idea of creating intelligeamputer came to man’s mind, as
always, two different schools of thought begandb &here is one positive approach, which
iIs used and believed that the human mind is a ctenmharacter and therefore can be
played in machines. Another school of thought taokegative stance and suggested that
human intelligence cannot be replicated, and the @b computers is limited to assistance

and testing tasks performed by people with thdlede



These types of differences lead to confusion anghesiones cause problems largely;

however, people must always welcome this type sfudision.

It is this difference of opinion, which caused mosjor things that need to happen on this
earth. Here also, the difference of opinion brougynbther set of people in the arena, who
invented in the middle of the path and Al, as aesentation of the process of developing
systems that reflect the human mind in their apgrosithin a limited area. They are happy
as long as computers operate their interest andbeansed to solve a specific set of
problems. It is not necessary for them to worry uabthe computer show the total

exploration and development of the universal iet#lial system .Hence, for majority of

people,

“Al is the branch of engineering employed for theation of computers that possess some
form of intelligence and can be used to solve watld problems and function within a

limited domain’

It cannot be claimed whether this is the appropragfinition of Al. Different researchers
have proposed different definitions of Al basedtsdir own study and understanding of the

subject. Some of these are given below:

“Al is the automation of activities that we assaeiaith human thinking, activities such as

decision making, problem solving, learning-(Bellman, 1978)

“Al is concerned with designing intelligent computsystems which exhibit the
characteristics we associate with intelligence imtan behavidr—(Barr and Feignenbaum,
1981)

“Al is the exciting new effort to make computerskthimachines with minds, in the full and
literal sensé&(Haugeland,1985)

“Al is the study of mental faculties through the olseomputational modélgCharniak and
McDermott,1985)

“Al is the art of creating machines that performdumons that require intelligence when

performed by peoplgKurzwell,1990)

“Al is the study of how to make computers do thatgshich, at the moment, people are
better-(Rich and Knight,1991)



“Al is the study of the combinations that make Hsjlale to perceive, reason and &ct
(Winston,1992)

“Computational intelligence is the study of the gesof intelligent agents(Poole et
al.,1998)

“Al...is concerned with intelligent behavior in &atits' —(Nilsson,1998)

3.2 ELIZA Speaks.

One of the most impressive early successes inielek df artificial intelligence was
ELIZA. ELIZA was computer software invented by JoséVeizenbaum (1966), professor
of computer science at MIT. Invented in 1966, tHdZA was able to respond to the

information that was entered into the computer.

ELIZA responses were simple. They were similar hose of a doctor or a
psychologist to use when gathering information. &ample, if someone typed in "l have a
headache,” ELIZA answer'Why have a headach&ZELIZA responses were always
questions, but it was for other computer scientibts they could create more complex

forms of artificial intelligence.

3.3 Turing test.

The Turing test, proposed by Alan Turing (1950),sw@esigned to ensure a
satisfactory working definition of intelligence. @ltomputer passes the test if the person is
the investigator, after posing some written questialo not say, and do written responses
from the person or computer. In this test, it dssad the details of the test, and whether the
computer to do it would be reasonable, if it isgeas Now it is clear that programming is so
strictly apply the test gives you a lot of work. eflcomputer must have the following
characteristics:

natural language processindo enable it to communicate successfully in English
knowledge representatiorto store what it knows or hears;

automated reasoningto use the stored information to answer questiosta draw new

conclusions;
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machine learningto adapt to new circumstances and to detect amdpotate patterns.

Turing's test deliberately avoided direct physin&raction between the interrogator and the

computer, becaugghysicalsimulation of a person is unnecessary for intetlge However,

3.4 Voice command process.

Generally, there are two main aspects of voice canthprocessing:

— Speech recognition (phoneme or word recognition).
— Language processing (parsing, semantic anajysigmatic analysis).

Each of these research domains, has its own prablsoitved and unsolved problems, so
different research groups often treat them sefdgr&@emetimes they are treated as separate,
independent steps in voice command processingt Adlibe shown later in this article ,
this approach is not justified , and - except foreay simple, functional bounded solutions
cannot be used to develop real systems, voice aontwhich can be implemented and

practically tested .

As far as speech recognition algorithms are comckrit should be clearly stated that in
modern engines SR- not as reliable as the humarTearefore, different methods are used
in order to improve their reliability. One of themuser training voice profile (in the case of
speaker-dependent motors SR). It is doubtful, hewnewhether speaker-dependent

solutions to correct for industrial applications.

Some researchers have attempted to compare therediff speech modules for their
effectiveness. For example, some of them provideresults, showing that Microsoft SAPI
is one of the best products, which is charactertaedery low recognition of the time and
very high recognition accuracy. Not surprisinghe tMicrosoft SAPI has been used in voice
control systems by many researchers. Even if a weyly recognition accuracy reported
(approximately 98%), there is still a problem thaty misunderstanding can be important

(sometimes even a catastrophic effect on the fonictg of the production system.



Moreover, in my experience, high recognition accyreate according to some authors, it
can be achieved only under certain specific cirdtantes (e.g. the use of high quality
microphones and an absolute lack of noise). Momremate that the level of recognition of a
particular speech engine often depends on the wlointhe engine installation. Example,
Microsoft SAPI allows the user freely adjust themunciation sensitivity and recognition.
In depending on the current parameters (numbeross§iple values theoretically infinite)
recognition accuracy may be vary.
Another set of problems in the area of speech mtog (although partially overlapping
with the domain of language processing) arisestdulee spontaneous speech effects. Some

of those effects are as follows:

— Pauses in speaking due to the speaker's hesitabmetimes they may be mixed up with

the end of the utterance.
— Word repetitions and inserted words with no int@ace for sentence meaning.
— Omitted (or spoken unclearly) words significamt $entence meaning.

From a linguistic point of view of treatment, theosh important issue is the selection of
possible commands formulas that are charactemdticatural language. This variety has
several sources. One of them is the presence aingyms, i.e. different words having the

same meaning. Another variety of syntactic striegult is not so obvious in English, but is
a big problem in inflected languages. Solutionssen¢éed in this document is universal
(independent of language) and considers this iasueell. Figure 1 depicted the process of

voice command.
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(((voice command (((
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— | Program in VCD-based
Arlang <>  language
Speech | language definition
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system
Main cell's
computer

Lathe Milling machine Robot

Figure 1:Voice command process

(Source: http://www.sciencedirect.com/science/brtmi/S0736584511001189)

3.4.1 Specific features of industrial voice control systems.

As mentioned earlier, existing speech recognitinod matural language processing
system, having lost control of any industrial eaqougmt. Voice control of applications that
are used to control industrial devices are butreonitly. The reason, obviously, is not lack of
interest, rather than the belief that the voice isinot a suitable way for man-machine
interaction and communication in industrial envirants. For example, Kulyukin (2010)
provides practical and scientific arguments forceointeraction between man and machine.
Pires (2009) shows the importance of voice in itrgisrobotic cells in the future scenario
where humans and robots to communicate securelkswace and actively cooperate.
Consequently, the problem is likely in the absesfoeeliable solutions that could be applied
in actual production conditions. To solve this peob, it is necessary to ask about the

specific opportunities of industrial systems voemntrol. The answer to this question will



help us decide what elements common Smoking indusolutions can be adapted and

what needs to be redeveloped.

It could be noticed that some requirements thattlhedulfilled by industrial voice control
systems are more restrictive than those relatédetmon-industrial solutions are. The most

important ones are the following:

— Correct recognition of all the words of the vom®ammand is particularly important. One
falsely recognized word could be a reason for angrdand even dangerous) action

performed by machine.

— The language used in engineering is rich in esgpo@s representing numerical values.

Wrong recognition of words representing numbers vdlsure to result in wrong actions.
— Reaction to the voice command must be usualtams

On the other hand, some requirements, significather domains, are not so restrictive in

industrial voice control applications. Here are sawamples:

— As the users of those applications will be quedifmachine operators, they can be
expected to adapt themselves to some restrictegarding the voice command structure.
Therefore, a quasi-natural language could be usetead of the natural language.
Nevertheless the language processing should tatke donsideration both lexical and

syntactic diversity of voice commands.

— Unlike the users of assistive robots (who arerofton-professionals or even people with
disabilities), the machine operators can be expec&keep some discipline in speaking e.g.

to avoid repetitions and insertions.

— Although the number of possible command formatai may be extremely high, the
number of corresponding qualitatively differentiacs to be performed by machine is
usually quite low. As it will be shown later, tHect influences the way the voice commands

grammar can be defined.

3.4.2 Basic concept of industrially oriented voice control system.
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The analysis in the previous sections shows tleavdiice control based on NLP does
not seem appropriate solutions in industrial ogdrapplications. A similar conclusion with
respect to Kulyukin(2010) subsidiary robots domalie argues that the speech recognition
algorithms are not robust enough to ensure erem-ftontrol of a robot using voice
commands in natural language. Sublanguage acguisgi proposed as an alternative. The
experiment was conducted in order to prove thatilsset of people to learn languages
quickly. While it is desirable to use a natural daage voice control applications, the
appropriateness of NLP solutions limited by mangtdes. Therefore, systems based on
formal grammar appears more promising. A studyf@tiagen(2009) et al. shows that the
sentence grammatical error rate better than fgram-based speech recognition. However,
as stated by Lauria(2010), mainly for the gramnimsed approaches to the generation
grammar with a wide enough coverage for the domdiherefore, the author of this work
focused on the question of how to take into accotlvet great variety of possible
formulations, using the command CFG. For this psep@ special format voice command

description VCD was created. It will be presentethie next section.

The industrially oriented voice control system deped by the author is based on the

following assumptions:

— It should be easy to adapt it to any industr@otized cells. Unlike most of other
solutions described in the literature and is not application oriented but it provides a

generic tool for creating voice control applicason

— CFG-based language model should be used but sitiveof possible command

formulations must be taken into account.

— Requirements specific for industrially orientggtems (listed in one of the preceding

sections) must be fulfilled.
— Spontaneous speech effects should be takenonwderation to some reasonable extent.

The system consists of three main modules:

— Speech recognition module (including vocabulary).
— Syntactic and semantic analysis module.
— Execution module (responsible for controlling imaes and devices).

Because the system must be easy adaptable to batzex cell, it fulfills the following

conditions:



— Speech recognition module is universal (compfatelependent of particular application).

— Syntactic and semantic analysis module has genbkaracter. There are fixed algorithms
for parsing and for meaning extraction hence theyat have to be developed for each new
application. However, sublanguages used for expgstommands in individual
applications can be defined using textual VCD fdrnfdne same VCD format is used for
command meaning description. This is the main difiee between this system and the

other ones known from the literature.

— Execution module is (of course) application aehand must be developed for each
application. However, a novel arithmetically orieshtsemantic analysis algorithm (that will
be described later in this paper) simplifies thenswnication between (fixed) semantic

analysis module and (application oriented) exeoutimdule.

Adaptability decision was practically tested indadtory studies at the Warsaw University
of Technology. Students without professional exgese in voice control were able to

develop simple applications very quickly.

Requirements specific to industrial oriented voimmtrol systems are implemented. Use
regular grammar (CFG) limits the number of stateimehat can be expected, therefore,
wrong hypothesis can be rejected, and the recognieliability, increased significantly.

Numeric expressions that are part of the voice camia can be easily identified in the
VCD. Examples thereof will be discussed later iis thaper. Use regular grammar has
another important advantage. Although it is possicaps much, they are uniquely
defined. Therefore, in most cases people can itigtaacognize the end of a voice
command without having to apply any "performancemdech.” Thus, the instant reaction
to the team can be achieved even if there is aep@ug. due to vibrations) in the operator

expression. This is very important in industriakated voice control systems.

Some other spontaneous speech effects were alsp ato account. Using the words or
phrases (i.e. words or phrases irrelevant for sentg value) is acceptable if those words or
phrases included in the VCD-description as cona#tioelements. Ignoring unrecognized

words or phrases as possible, but not recommended.

There is an opportunity to break the team mistakdelivered and talk again. Appropriate

mechanism would be presented in the next section.
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3.5 The role of speech technology in mobile applications.

3.5.1 Just Say What You Want

Simple user guidejust tell me what you wah{SWYW). This, of course, ideal, and
it is difficult to achieve, as in full generalitynd limitations of speech recognition

integration with mobile operating systems and aypions, as they are now.

In a voice user interface, will be functional caiegs, such as moving the application on
phone; connect to the service based on a set ¢hctomumbers, conducting web searches,
dictating a text message, etc. The user can quiekiy that words likesearch",” dial "or"
dictate a messagewill make the results more reliable and in theerpretation of tasks , at
least a general message context restricted doméirtan be processed. He can do that as
well say 4« do not understanelif it cannot be classified a request to one ekéhdomains.
This feedback will help the user to find out whatrlss. It is assumed that the user can
quickly find out the scope for the team when itnecessary, until a certain way, in the

context was provided was flexible and intuitive.

3.5.2 Talking to the Text box.

One model of voice user interfaces for mobilen@s today is the ability to dictate in
any text field, or, in some cases, in any partha application that allows entering text.
Some voice applications also have their own box #ppears when start the application,
perhaps by clicking on a button on the phone, on ion the screen. Voice application, user
has the option of interpretation voice commands tii@ application, the appropriate

commands, and does not require manual navigatiothi®application.

Another model available is dictating into alipboard’ application that is part of the
phone's operating system. The contents of the @b can be pasted into most

applications.



One deficiency of these approaches as they hase ipgplemented to date is the lack of
interactivity. Once one says something in the teo#t, some action is generally accepted
that one drop of speech interface, e.g. displawngst of search results. No dialog box.
Dialogue is a powerful tool for disambiguation. FExample, in web search, there are often
a number of ways to interpret a request, and a lsh@f many non- option is the most
difficult to view on user’'s mobile phone. Ideallihese interfaces will be developed to

enable more dialogue when it might be useful.

3.5.3 Dictation.

While team-a request for a mobile phone can be iamigl limited, dictation of
email, text messages or voice memos essentiallynitet. Dictation of free-form text
version supported BZ number of companies, usuailly & small client application on your
mobile device and speech recognition within thewoet. This approach uses the data
channel, and the speech quality that can be detiveia the data connection, usually better
than the voice channel.

A key difference in dictation and voice requestshiat the dictation is intended to be read
and understood by a human, not a computer. The asenpcan edit the message before
sending it. The computer or mobile device mustantast, understand a voice command.
Thus, the task for dictation different. It is hardle some ways and easier in others than a

“say what you wahuser interface.

The mobile phone being a personal device easedic¢tagion task. Most dictation systems
tune both to the vocabulary usage and to voicenefuser. One dictation application for
mobile phones downloads and incorporates contactesaand thus be accurate in

transcribing proper names that are in the contaietichse.

3.6 The First Mobile Voice Applications.

3.6.1 Voice Dialing and Voice Commands on Phones.

One of the first mobile voice applications that egged in the 1990s was the voice
dialing , which allows users to press a button sadthe number or name of the caller , so
that the user can place the phone without lookinthe keyboard , and trying to find the

numbers.
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Processing power and memory capacity continuechdcease on mobile devices. Device
manufacturers will be added in the near future nuan@plex phonetic speech recognition
device. Phonetic speech recognition using acogggech recognition models trained on a
variety of styles and narration, and recognizedneghees and not templates word, and had

the following advantages:
* No user enroliment or training was required

« New words and contact names could be added dynbyniéa new contact name is
added to the contact list, then the voice dial@mgistandard phonetic pronunciation

rules could recognize it.

* The application could recognize flexible mannerspéaking. For example, a user
could say Call John on his mobife or “Dial John Smith on his cell phohdf the
application was correctly programmed, it could Haradgreat deal of flexibility.

Some voice command applications could also be progred to recognize a long list of
commands, beyond just dialing. In fact, some phdodgay can recognize 50-100 voice
commands to control the device. Popular handseoeamands include:

“turn Bluetooth on/off”

* “send text to <contact name>"
* “check battery”

e *“check signal”

* “go to camera”

« and more

3.6.2The Advent of the Hands-free Experience on the Phone.

Voice dialing and other voice commands needed tk wosituations where the user
hands and eyes were not completely free, and it thasefore important that these

applications could be subject to a minimum of dtteninterface.



Artists in speech recognition systems on the demost consider the amount of press
and hold, want to use speech recognition. The slagrel safest interfaces required only a

simple push of a button, as described in the falgveequence:
» User pushes a button and quickly releases it toedetvoice commands.
* The voice command application prompts the useariaudio cue to begin speaking.
* The user saysCall Jim on his mobife

e The voice command system automatically detects wtien user has finished

speaking and begins the dialing process.

* If any disambiguation is required( for instance,there are multiple entries for
“Jim”), the voice command system resumes listenivithout requiring another

button push from the user.

In addition, it is important that these words dial@rovide audio signals to the user
when they were not looking at the device. Audioscaad high quality text-to-speech were
included in some applications, providing audio aon&tion name / number to be dialed,

and to disambiguate if there are multiple matckes.example:

User: “‘Call Jim on his mobile phoie

System: Multiple matches found...Jim Ardman...Jim Smitim. \W/orkman”
User: "Jim Smithi

System: Calling Jim Smith's Mobile phohe

Text-to-speech must be used in this example tdoplely names from the contact list. If high
quality text-to-speech is embedded on the devim it can be used to enhance the minimal

attention interface by performing services such as:

* Announcement of incoming caller ID number or name

* Announcement and reading of incoming text messages.
* Announcement and reading of incoming emails.

* Reading menus aloud.

Over the past few years, the manufacturers of #ndcds were deployed applications

phonetic speech recognition system and high qu#dity-to-speech. One example is the
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Nuance Vsuite product, which can support dozensaofuages, and contact lists with
thousands of names. These applications work bekeyf are integrated as fully integrated

capabilities of the device to ensure maximum cotnfor

3.6.3 Assistive Applications on Mobile Devices.

Speech technologies have been used on mobile deticeenable and enhance

service for blind and visually impaired users, &l\as those in the disabled community.
Common applications included:

— Voice dialing with audio confirmation

— Screen reading

— Caller ID announcements

— Reading incoming text messages and email

Helper programs necessary to address the needseofiger community carefully. For
example, Nuance Communications TALKS screen redolermobile devices functions,
adjust the volume and speed of speech text-to-Bpeed also included integration with

external Braille input / output devices.

3.6.3 Emerging Mobile Voice Applications.

In the past few years, a number of new applicationsnobile devices having that
use voice-based network technologies. In some ctsese applications were available for
download, or high-end smartphones such as the &Hlackberry, Android, Symbian and
Windows Mobile devices. In other cases, they pesial onto the mobile device in a car or

platform.

3.6.4 Voice Navigation and Mapping.



Application providers that make navigation and magpechnologies were among
the first to introduce advanced technologies ireshgrocessing their applications. Speech
recognition technology is used for input / outpassier when on the move, or by using small

dimensions of the keyboard or touch screen keyboard

These applications can be enhanced by:

— Entry of destination address by voice

— Entry of landmark or point of interest by voice

— Lookup business names or other content criter@,(‘Dave Matthews concert”)
— Playback of specific turn-by-turn directions stext-to-speech

Implementing speech enabled navigation can be estgilg, especially for multilingual
systems. Department of speech recognition techgoitsglf is not enough. Technology
should be trained on the "long tail" of addresgses @laces that people will need directions.
In addition, it is important to support applicatsoonatural language interfaces, as users will
have a low tolerance for the next few steps toretie city, state, and say the names of

companies or destinations extremely restricted mode
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3.6.5 Message and Document Dictation.

The emergence of text messaging and e-mail as algromobile applications fast,
partly due to the presence of a full QWERTY keyboarobile devices. However, small
keyboards and are difficult to use for many uswschscreens difficult to use for typing,

and it is impossible and unsafe in on-the-go sibnat

Over the years, the text was dictated by the sstdespplication in the desktop and in the
laptop world with software like Dragon Naturally égking, which is trusted and used by
millions. Network based computational capabilitefowing currently convert speech to
text dictation to mobile devices. Nuance recentgased version of Dragon Dictation for
the iPhone, which provides a simple user interfacdictate text for e-mail, text messaging,

social networking applications, and any applicatioat requires text input.

Dictation technology will work best when integratetb the applications that use dictation,
such as email and messaging clients. On some mobdeating systems, such as Symbian
and Android, it is possible to include speech asigersal input method that is active in any
application that allows text entry. On feature pd®m@and other operating systems, it may
only be possible to include speech dictation by ifiyody the applications that need to use

dictation to interact directly with the recognizer.

There are several important ingredients for succelssspeech dictation in mobile

applications:

— The speech-to-text technology must be mature@matst for the language, which is being
dictated. It can take years of real-world use framariety of human voices to make this

technology robust
— The user interface must be clear about when andtd activate speech recognition

— Ideally, the speech recognition technology canndérom the user’s voice, common names
they use, common terms used in their email and agess..this can require the user to give

permission to upload some of this data to the ne&¢wo

— The user must have some way to correct mistakleslly, this will be a Smart
correction interface that gives the user altermaied/phrase choices so they do not need to

retype.



3.6.5 Voice Search.

Similar to voice dictation, voice search allows tger to perform search queries

using their voice. These could be:
— General search queries fed into a search engoiteas Google, Bing, or Yahoo

— Domain specific queries, such as searches forcnmusvideo content, product catalogs,

medical conditions and drugs, etc.

For voice search works well, speech technologyulshbe trained in common terms used in
search queries. Total voice search engine shoutdvkabout celebrity names, top news
topics, politics and other medical voice searchiregshould be trained in medical

terminology and drug names.

Voice search has been built in many popular seangmnes. However, it may become more
interesting as the applications emerge, which @&ardhine the type of search and the user's

intent and start a search relevant content source.

3.7 Speech and the Future of Mobile Applications.

Enterprise Applications and Customer Service.

Businesses such as banks, mobile operators arnitenethave begun to invest in
mobile applications. Rapid introduction of smarbpés such as iPhone, Blackberry, and
Android-based phones, provided a set of developmiatiorms downloadable applications,

which can lead to a wide segment of the customse.ba

Speech recognition offers many advantages for maamice applications today in a phone
with voice applications. These advantages can hendgd to mobile customer service
applications, so that callers can speak for madgplications to get information about the
product, account, or technical support. It can reencestrictions from mobile usability

interface and enable enterprises to build more texnppplications that deliver the best

self-service capabilities.

Potential examples of speech usage would be:
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— Using an open-endedHdw can | help you?text box at the beginning of the application
that would enable the user to type or speak tha#stion and then launch an appropriate
mobile applet (a small application that performmited tasks) that would provide

service...instead of forcing the user to navigateugh visual menus.

— Adding a product search box to a mobile applicgtand so the user could say the name

or description of the product for which they need/ge.

— Speaking locations for store/branch locators.

— Speaking lengthy account numbers or product cfudeservice activation

— Dictating text into forms for applications (e.g.mobile loan refinancing application).
Companies may find valuable use for mobile workéoapplications, such as:

— Dictating notes into CRM applications

— Dictating notes into work order management

— Dictating into mobile order processing applicasio

3.7. «Your Word is my Command”: Google Search by Voice: A Case Study.
3.7.1Google Maps for Mobile (GMM).

Traditional directory assistance applications agstricted to one modality using
voice as input and output. With the advent of sptarhes large screens "and the connection
data, we could move to a multi-modal user interfdo@ugh speech or text as an input

modality, and maps with super-imposed businessgsap as output modality.
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Figure 2:Google Maps for Mobile, with voice intecta



(Source:
http://static.googleusercontent.com/media/resegiabgle.com/en//pubs/archive/36340.pdf)

In March 2008, we released our first multi- modpplécations for word Google Maps for
Mobile (GMM). Fig. 2 shows a multi- modal interfat®esupport the directory that we have
built on top of TMG.

Multi - modal experience has certain advantages tdwe IVR (voice) system. First, the

output may be a visual modality, and as mentiomddch allows for much richer flow of

information. Google Maps for MO bile can see thealmn of business and other related
information directly on the map. Contact informatioaddress, and any other meta
information about the company (e.g., ratings) candasily and etc. A second major
advantage for the time it takes the user to sedmold digest the information. Because
multimodal search experiments hence, the total tiaken is much less, than that after a
single, I / O say modality IVR system. Finally, tbegnitive load on the user significantly
reduced - ephemeral speech imposes very serioustioogl requirements of the user when
information is transmitted or prolonged complex.e3@ advantages can significantly
improve the quality and quality of interaction infaation can be provided as compared with

traditional systems IVR.

3.7.2Google Search by Voice

Mobile Web Search is a rapidly growing area of rese Internet-enabled
smartphones account for a growing share of mobaeicgs sold worldwide, and most
models experience of viewing web pages that ridalsktop in display quality. People are
increasingly turning to their mobile devices whewndlved in a web search, e driving orts to

increase the usability of web search on these dsvic

Although mobile devices improved usability, typisgarch queries can still be cumbersome,

prone to errors and even dangerous in some Fregseroarios.
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12:15 PM

For voice search, just bring the
phene to your ear and speak.

Really, no buttons required!

Watch a video to learn more.

Figure 3:Google search by Voice for iPhone.

(Source:
http://static.googleusercontent.com/media/reseaabgle.com/en//pubs/archive/36340.pdf)

In November 2008, we introduced the Google MobijggAGMA) for iPhone (Figure 3)

that enabled voice search. GMA Voice Search advhpaeadigm multimodal voice search,
search business places on the map to find all tbdd/MVide Web. In the next few sections,
we will discuss the technology behind these e ard some lessons we learned by

analyzing the data of our users.



4. Principle of mobile application.

4.1Voice Recognition and Commands - Background.

Speech recognition (SR) is the translation of spokerds into text. It is also known

as automatic speech recognition (ASR), computez@peecognition, speech to text (STT)

Speech recognition applications include voice usw@rfaces such as voice dialing, call
routing (hands free), Demotic device control, sedeearch podcasts, in particular where it
was said), data entry (transcription), preparatibstructured documents (radiology report) ,

speech, word processing (word processors or enaaitspircraft (Direct Voice Input)

Speech recognition system over 10 years ago, soefated with a choice between discrete
and continuous speech. It is much easier for tbgram to understand the words when we
say them individually, with a distinct pause betweékem. However, most users prefer to
speak of ordinary conversational speed. Most modgstems capable of understanding

continuous speech.

This report examines the issues of patent actasibund voice control mobile devices, and

contains the main arguments and NPE working inahes.

4.2 Speech Recognition Technology Categorization.

The records were further classified around thetailhg two key areas:
By Algorithms: Hidden Markov models, Dynamic timasping, Neural networks

By Application Area: Defense, Healthcare, Navigatidelematics, Home Automation,
Games, Hands-Free Communication, Multimodal Int&wac Speech-To-Text Reporter,

Robotics, Pronunciation, and Transcription.
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4.3 Key Companies

» The chart shows top 15 companies (Figure 4) docesrecognition.

* IBM has the maximum number of filings followed By &T and MICROSOFT
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Figure 4: The chart of top 15 companies for voieeagnition.

(Source:http://patseer.com/wp-content/uploads/2013/07/\/éteeognition-in-Mobile-
Devices.pdf)



Priority Country Map — Where is research being don€

1 e 7

Figure 5: Geographical distribution.

(Source: http://patseer.com/wp-content/uploads/202/3/oice-Recognition-in-Mobile-
Devices.pdf)

* The map shows the geographical distributionlofds for voice recognition (Figure 5)

 Patent protection is being sought mostly fromfol®wed by JP

4.4 Using Voice and Speech Recognition with Mobile Devices.

Smartphones and other mobile devices are in thdlen@ the major innovations in
technology to provide hands-free access to thetifumeand navigation, often callethe
voice commands, voice-enabled, voice actions adpeecognition.”This technology has
significant implications for people who have a 8isity, assistive technologies. Unless the
user has a strong, clear voice these devices aartdeg easier to use and provide increased
access to the Internet, the use of mobile devionddlge availability of communication. This
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paper examines the use of the basic functionsblaile device. When mobile devices with
Wi-Fi many of these applications will increase the Intemrsing the device. Some
applications or programs will require the devicééoconnected online to work. Others will
work without an Internet connection.

4.5 Accessibility Feature, Mobile Device

Figure 6: Symbol for “tap to speak

(Source:
http://www.atarizona.com/docs/General/VoiceSpeech&dationMobileDevices.pdf)

4.5.1 What is a “native” accessibility feature within a mobile device?

For Voice and Speech, born there must be some avaget voice commands and a
way to dictate commands by using built-in micropfiovioice commands are used as
navigation tools to manage the device functionge8p recognition is an advanced feature
that allows voice commands and voice input to reteigind perform operations such as
using dictation and access to telephone calls wtimeng and text messaging. Speech
recognition can use sophisticated software to endictation instead of touch-typing.



4.5.2 “Voice recognition” or “speech recognition”?

These two terms are often used interchangeablythieytreally should not be. They
have different values . Imagine that user is tglon the phone, listen for a few seconds and
then say«Caroline, you can call me back? We have a bad ection. | can hardly hear
you. »What Voice Recognition, user could not hear itheabugh to understand her words.
Speech recognition systems, trying to understaadmbrds spoken. Voice recognition can

be used as a fingerprint for identification. No teeWWHO said it?

4.5.3 Speech Recognition can be used to control a computer, navigate

telephone menus, etc. What matters is WHAT was spoken.

The definition of "voice command".

Availability features including navigation devicesade by using voice commands rather

than pressing numbers or keys.

Using voice command means that there is speechgmémmn native to the device. In

smartphones, the memory can be programmed to atateletermine the names and spoke
into the phone to call the number associated wi#tmt Some smart phones and other
mobile devices provide accessibility option is dadlso that the user can navigate to other

settings, applications and menus with voice comresand

4.5.4 Voice Command for Mobile Devices.

Any mobile device running Google Android and Miatiswindows Phone, I0S 5,
or Blackberry OS provides voice command capabsliti;n addition to native speech
recognition software for every mobile phone ope@tsystem, the user can download a
third-party voice applications teams from eachhwd bperating system, applications from
the store Apple App store, Google Play, Windows riéghMarketplace (initially Windows
Marketplace for Mobile), or BlackBerry App World.
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Other terms related:

Voice Control —Apple term for iPhones prior to the newest phones

Voice Actions —Android term for voice commands

Voice Input

Voice-enabled

Common native voice command/voice action or speedaiecognition tools in mobile
devices:

VoiceOver — Apple products such as Mac computers and iDeVigesiPod, iPad, and
iPhone

Siri — iPhones only

Talkback — Android products like cell phones and tablets. Nttat some speech
recognition tools may require installing additioregdplications to make Talkback more

fully-featured.

4.5.5 Accessories to improve or enable use of speech recognition.

All mobile devices that allow voice commands an&cgaecognition systems have a
built-in microphone for this purpose. This may wavkll for some people, but those who
have difficult positioning device for the micropheto pick up their voice will probably use
an external microphone, headset with microphorexcoessories that can be combined using
a headphone and external microphone with Jack ok bmgether. Some typical external

microphones in the figure 7, 8, 9 below:

@

Figure 7: Foam pad external mic Figure 8: Thumbtack mic Fig@eCapsule mic with cover,
detail view



(Source:
http://www.atarizona.com/docs/General/VoiceSpeech&ationMobileDevices.pdf)

Most people, who need an external microphone faistage technology will use a
microphone/headset combination, or a plug-in micoo@ with a jack for the ear buds, all

pictured below:

Figure 10: Typical computer headset with mic

Figure 11: Bluetooth (wireless) headset with mic
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Figure 12: Typical computer headset with mic

(Source:

http://www.atarizona.com/docs/General/VoiceSpeech&dationMobileDevices.pdf)

4.5.6 Custom assistive technology accessories to improve use of speech

recognition.

Ideal use of computer programs and applicationsrfobile speech recognition will
use Bluetooth technology wherever possible. Thikldunction of the system to enable the
transmitter and receiver for this purpose, at léastnable the voice command for moving
the device. Sometimes Bluetooth- it has just usetlansmit sound to another device, and
when the boom box speakers’ project sounds mudbritéian the device. Bluetooth is also
used to connect remote devices with the base sy§&ewd quality Bluetooth specifications
allow the user to run more than one device thadetectable" in the availability of the
device settings, but the pair with the device dqualia Bluetooth variable quality. Universal
symbol for Bluetooth devices and programs listeldwegFigure 13) as a trademark upper
left:



€3 Bluetooth

EXPERIENCE
Bluetooth® Technology

Nigolels

Figure 13:Universal symbol for Bluetooth devicesl gmograms.

(Source:
http://www.atarizona.com/docs/General/VoiceSpeech&dtionMobileDevices.pdf)

Both the base system of the computer or mobile cgevAND the program must be
compatible with the use of any accessories. limpartant to verify specifications for all

components that make assistive technology worla faser.
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4.5.7 Free applications to improve speech recognition in a touch screen

mobile device.

For what happens in the native mobile device, tiher@ free application for voice
commands, and a full speech recognition. These aetsn the set, suitable for mobile
phones android, iPhone and support for Wi-Fi tabl&eep in mind that some applications
only work on the device voice commands to navig@thers may decide to issue more
voice commands to work on websites. Some produatsbe designed for use only with
performance, academic or business applications asidhicrosoft Office Suite of programs.
Many manufacturers and suppliers are working tatera speech recognition application for
other products. Competition is very active at ttimse and in the future will bring many
more options that can be even better for the useassistive technologies. Speech
recognition technology is one of the hottest trengst now, and for the future. Note that
the operating system requirements for each deWoe.example, some applications work
with
Android OS 2.0 or later, but others will not onlpsk for devices with Android Jelly Bean
OS version 4.0 or later. For iPhones, most worlhwite iPhone 4S and iPhone 5. The
following free applications available informatiomin the official websites of manufacturers
supplying applications for smart phones and wefiabled mobile devices.

Examples of Android and iDevice applications:

Simple, free voice applications: Dragon Dictate dbchgon Search, Dragon Go! and
Dragon Mobile Assistant. At this time, many of tBeagon applications are changing in
availability and name. Any Dragon application méatemobile devices will work similar to

each other (Figure 14).

Screenshots | e | e
F ' T T T T T ]

Hi John call me when you Hi John call me when you
get this e-mail. I'm runping a get this e-mail. I'm unning a
fitthe bit late. litthe bit 1ate.

lapand dictate,

o

Figure 14: Screenshots of a Dragon application vgitmple navigation.



(Source:
http://www.atarizona.com/docs/General/VoiceSpeech&ationMobileDevices.pdf)

A completely new idea for Dragon users:
Dragon Remote Microphone

Dragon Remote Microphone Check if there is an @gpeed user of Dragon with a
computer program. This allows the user to opelrmecbmputer with another’s smartphone
or mobile device as External microphone to thempater.
App turns mobile phone or other mobile device iatwireless microphone, making it easier
and more convenient for people to use their Dradgsktop. Version of Dragon Naturally
Speaking, the computer must be current or recehts Bpplication uses the Wi-Fi
connection to PC when user run Dragon Software.idievare mixed at this time, with
some enthusiasm, and others are disappointed. tdigbility with 4S iPhone 5 January
2013.
This application can be used in Dragon Naturallg&pey PC (Home Edition or higher for
Version 11.5 or higher) and Dragon Dictate for Maersion 2.5 and higher).

4.5.8 Browser-supported speech recognition, a new trend.

When working with a mobile browser to access therhret, some of them will work
in speech recognition device. Some Web sites atadnet access can be improved through
the use of additional or substitute applicatiorstaad of built-in devices. Moreover, new
technology has begun posting on the Internet langd sites with built-in speech
recognition. Programming available online speecatogeition tools can be done using
special programming. To the public, Google is tingt imajor companies to provide mobile

voice search devices that can be used free dowatbb@dpplication (Figure 15).
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what's the weather like
in San Francisco

Figure 15: Google Voice.

(Source:
http://www.atarizona.com/docs/General/VoiceSpeech&ationMobileDevices.pdf)

Voice Searchis a feature of Google Search dppiPhone, BlackBerry, and Nokia S60 V3
phones. If owner has an Android phone, searchhi®r'Voice Search” app in Google Play.
A slightly different version)oice Search for Android supports Voice Actions on Android
2.2 (Froyo) and above. The Android operating systdso enables to speak instead of
typing in any app where owner launch the keybosmce Search is not available in all

languages and all mobile phones.



5. Practical part
5.1 iPhone, Samsung, Windows Phone, Blackberry.

Software voice recognition is now a key sellingmdor smartphones. Apple gives a
digital assistant called Siri, Samsung uses thegp@ivspeech via its functionality S-Voice,
and Nokia, using the built in voice control withiWindows Phone 8, receives phones
actually listen this time.

IPHONE: SIRI

(iPhone 4S and later)

Siri is the name for voice control software cread@éctly in the MOD, it is advertised as a
digital assistant, able to schedule appointmemisgd sext messages, add a calendar entry,
and even do some searching Google.

All these features are available on the mobilesgirg and holding the home button, and
after a few user seconds you will be presented antlinterface Siri is simple, «what can |
help you 'will appear along with the signal, so tiser knows that he / she can start talking
with his / her new best friend!

Siri could even be available from the lock screemiobile, though it should be noted that
some functions would be locked until the pin is eotered.

SAMSUNG: S - VOICE
(Galaxy S3 and later)

Samsung describes software as “intelligent persassistant”, and from this point of view,
as far as possible with S- calculated user’s vdidello Galaxy" - a simple phrase that can
be used to activate the phone and unlock the pisomady to use, there is no pattern or PIN
lock is on, of course. Unlike the iPhone and otipeech recognition systems, for that
matter, there is no need to press any key combimadi activate the software, S- Voice will

simply work when he hears someone say key phrases.

The voice command for apps is a powerful featur&-dfoice, it allows control over the

following applications:

* Incoming calls

« Alarm
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« Camera

« Music

Each of the apps have their own voice command cbotions. The screenshot of the

handset's settings menu shows how comprehenssce it

Author thinks that S-Voice is one of the more valsaoice recognition options out on the
market today. Like Siri, it can be easily accesgadpressing down the home button twice,
giving the user access to all manner of featutesan also be used for other functions that
make it a more attractive option for those seekioige controls, the ability to answer and
reject calls and unlock handset by voice alone gseat step in the right direction for true

voice control.

MICROSOFT/ WINDOWS PHONE VOICE CONTROL - SPEECH

(Windows Phone 7.1 and above)

Windows phones have their own version of voice gadmn, which is available from the
latest Windows 8 devices (as well as previous pbalethe way to Windows Phone 7.
Version from Microsoft called It and it may be assed by pressing and holding the button
(typically on Windows phones, usually the home cnuvf the Windows logo) as Siri owner
can say "Help" to have the phone to go into detslg can be used. Here is a breakdown of
what it can do.

« Call any phone number

» Call someone from contact list
* Redial the last number

* send a text message

» Call voicemail

* Open an application

* Search the web

It can be used when the tube is blocked, this @erabled in the settings, from here, the
user can also include other accessibility opticugh as talking caller ID, speed dial, turn
forwarding on or off. One cool feature is the dbilio read messages aloud - when the

phone receives incoming text of man can say, "readignore” to hear the playback text.



The voice recognition system on Windows phones nmbe as intricate as its competitors
but it does allow the user to control core funcsiona voice, as well as the option to
download applications such as VoiceMusic (free ftbeMarket) to play music using voice

commands.

BLACKBERRY 10 VOICE CONTROL
(BlackBerry OS 10 devices and above)

BlackBerry were not shy in including a voice recitign and control system in their new
OS 10 operating system launched earlier this yHae. imaginatively titled Voice Control

app allows carrying out a number of basic taské sisc

* Make a call

e Send an email, text message, or BBM message

» Search the Internet or BlackBerry device

* Book meetings and appointments

* Set reminders

« Change Facebook status or post a tweet

* Save notes and memos in BlackBerry Remember

« Setan alarm

The system is not digital assistant akin such&id S-Voice, but this is the basics of voice
control very well indeed, and if he sends an SMSsage or update account Facebook loud
that after, this should be adequate. The user cegsa the system, press and hold the mute
on physical QWERTY keyboard, if there is one, or bgening the Voice Control
application from the applications menu.

5.2 Multiple-Criteria Decision Analysis
5.2.1 Ranking Method
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Multiple-criteria decision-making or multiple-criia decision analysis (MCDA) is a
sub-discipline of operations research that expficbnsiders multiple criteria in decision-
making environments.

The challenge is to multi-criteria analysis of montrol in smartphones by the criteria
mentioned below:

Technical characteristics:
* Language support
e Processing time of command "Call"
* Processing time of command "Dictate SMS"
* Processing time of command "Web Search"
* Processing time of command "Create task"
General criteria:
* Cost
* Population
* Avalilability

Quiality criteria:

* Functionality
+ Performance

* Reliability

e Stability

« Convenience
* Portability

» Scalability

Evaluation of three experts on the following critera:

» Rating for technical characteristics

* Rating for quality



5.2.2 Algorithm

1. Rank each criteria category from 1 to 6, givingta 1he criterion that is most
important, and a 6 to the least important.

2. Assign each criteria category a group weight bycaiting 100 points among the 6
categories. The more important the criterion,Higier its weight. It's like grading
a test, the sum of the scores for all test questtiould add up to 100. Points given:
100

3. Author gives to each sub criterion its own weight/eights can take on any value
between zero and the maximum of the weight givethab group. For example, if
assign a group weight of 15 to a criterion, the sriteria in that group can range
from 0O to 15. It can be assign all sub criterighiat group a 15, or some a 15, some a
10, one an 8, one a zero, and so on.

4. Calculate rating for each mobile phone
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Criteria Categories and M
Subcriteria Rank Group Weight Subcriteria Weight | Iphone  Samsung Nokia  Blackberry|IPhone Samsung Nokia Blackberry
Technical characteristics | 1 | 25 495 485 440 405
Language support 25 5 4 3 3 125 100 75 75
Processing time of command "Call" 20 5 5 4 4 100 100 80 80
Processing time of command "Dictate sms" 20 5 5 5 4 100 100 100 80
Processing time of command "Web search" 22 5 5 5 5 110 110 110 110
Processing time of command "Create task" 15 4 5 5 4 60 75 75 60
Cost 3 2 100 60 60 40
Population 4 2 45 75 60 30
Availability 4 5 20 50 40 50
Functionality 4 3 125 125 100 75
Performance 5 2 100 100 100 40
Reliability 4 4 80 80 80 80
Stability 4 2 75 75 60 30
Convenience 4 3 75 75 60 45
Portability 5 3 30 50 50 30
Scalability 3 3 100 80 60 60
Rating for technical characteristics 4 4 50 50 40 40
Rating for quality 5 3 50 40 50 30
Rating for technical characteristics 5 3 40 40 50 30
Rating for quality 3 4 45 36 27 36
Rating for technical characteristics 4 4 36 27 36 36
Rating for quality 4 3 36 36 36 27
IPhone Samsung Nokia Blackberry

Figure 16: Multi-Criteria Analysis

(Source: author’s research)




In this table, author analyze tVoice Control 4x species Smartphones hone, Samsung,
Nokia, Blackberry) Appreciate every artphone on the above criterand 3 experts give
an estimate for each smartphone on their own @i

5.2.3 Analysis of the results by criteria

After evaluation of eacsmartphone, we get results. In thection we analyze and
compare the results obtained scores smartpt

Technical characteristics
500 -
400 -
300 -
200 M Technical characteristics
100 -~
0
Z & @2 A
& N 3 &
\Q\Q\ ca’bé{, N Q}’bsg

Figure 17 Graph derived summary scores on the technicatattaristics

(Source: author's research)

In Figure 17 it is visiblehat the specifications hone smartphones and Sams
smartphones are better than ott

47



500 A
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300 command "Web search"
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command "Dictate sms"
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Figure 18 Schedule of grade points received by the spatidios

(Source: author’s research)

In Figure 18,it is visible that the smartphone iPhone betterglege support othi
smartphones, i.e supports more languagthan others.

General criteria
200
150 -
100 - B General criteria
50 -
0 T T T T
IPhone Samsung Nokia Blackberry

Figure 19 Graph derived summary scores on the ger criteria.

(Source: author’s research)

Figure 19 shows thdty the general criteria leading smartphone SamsTimg last positiol
owned the smartphone Blackbe
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IPhone Samsung Nokia Blackberry

Figure 2Q Schedule of grade points received by the gerwiteria.

(Source: author’s research)

The graph(Figure 20 shows that the most popular smartphone is SamdBy
accessibility wins smartphone Blackbe

Quality criteria

600 -

500 -

400 -

300 A W Quality criteria

200 -

100 A

IPhone Samsung Nokia Blackberry

Figure 21: Graph derivedsummary scores on the criteria of que

(Source: author’s research)

This graph (Figure 219hows that by the quality criteria lead SamsungiBhdne
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Figure 22: Schedule of grade points received by the qualitgria.

(Source: author’s research)

This chart (Figure 223hows a benefit in terms of functionality that Sangsand iPhone
dominate.

250 A
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50 A
0 T T T T
IPhone Samsung Nokia Blackberry

Figure 23 Schedule of gradpoints received by the quality criter

(Source: author’s research)



In this graph (Figure 23)f scalability iPhone is leadir
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IPhone
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Figure 24: Evaluation of Expenel.

(Source: author’s research)

From Figure 24, its possible to see expert’s preferethatgives to iPhon
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Figure 25: Evaluation of Expef?2.

(Source: author’s research)
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ExperiNe2 believeghat Nokia is leading by the technical crit (Figure 25.

80 -

70 A

60 -

50 - m Rating for quality

40 A

M Rating for technical
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Figure 26: Evaluation of Expen3.

(Source: author’s research)

ExpertNe3 gives preference to iPhone and Nokia smartpt (Figure 26.
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Figure 27: Combined scores for all criteria

(Source: author’s researc

This graph(Figure 27 shows the total score for all criteria.
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6. Discussion and results

Apple has added voice control device families lI&Sa new sign firmware iPhone
4S,iPhone,IPad (3-rd and 4-th generation) ,iPad Mamd iPod Touch (5th generation) all
come with the new and more complex voice contrdedaSiri , replacing voice control ,
which is still present on older devices. Siri usatependent built-in speech recognition,
which allows the user to issue voice commands. Whieh assistance Siri the user can
perform the following voice commands : send text thessage , about the weather , to set
the reminder , find information , to schedule magdi email , find a contact to set the clock
, get directions , and track your stocks , setither , and ask participants to share examples
of batch requests the voice tag. Other main S-Vinickide the possibility of voice dialing ,
make a memo , schedule tasks , search contactke metures , take calls , Internet
searches , and tweeting , all with one voice amdl ®emails and texts , adjust volume, and
more .

Windows Phone operating system is the Microsoft ilaatevice. On Windows Phone
7.5, voice recognition is called speech. It theriisgependent and can be used for : call
someone from the contacts list , call any phonebmrmredial the last number , send a text
message , call your voice mailbox, open the amad meeting, request the status of your
phone and search the web . In addition, it can laésosed during a phone conversation, and
the following actions are possible during a phorad: qpress a number, to turn the
loudspeaker on or call someone that puts the ducedhon hold.

On the BlackBerry smartphone running BlackBerry ©®r later , it can be used to
perform the following tasks : call the contact'sneaor number , to determine what phone
number the user is currently using , check thellet/signal , check the network , check the
battery and it has the redo command. In additidackberry OS allows the user to change
the language for commands; the language of voiompts and allows you to train the voice
recognition.



7. Conclusions

Analysis of results was made by following:

» Based on the results of technical criteria, iPhameé Samsung are leading.
» Based on the results of general criteria, the lemd®amsung.

* Based on the results in terms of quality, iPhoree @amsung are leading.
e According to experts, leader is iPhone.

e By popularity, Samsung is the leader.

* By functionality, iPhone is the dominator.

» By availability, winner is Blackberry.

As a result of analysis it was received that iPhameé Samsung are leaders by scores.

One big disadvantage of this feature, however, 8iatshould not be able to silent. Even
while reducing the voice volume control buttonse #pplication may not be made silent.
Another problem with Siri is obvious that probalslyme to mind most consumer first: the
recognition of voice commands. Such as was the gade many speech recognition
programs in the past, virtual assistant can b@tbklem of recognition of the team, giving a
message saying, "unfortunately, I'm having probleomecting to the network.”

Siri, although it may do many other things besigis$ answer the questions. It can set the
alarm clock, manage your calendar user, and makaephalls simply by setting it too. A
virtual assistant can remind the user about thempay meeting, text or call anyone the
consumer requests, and to play the role of Navigatagoad trips.

Another coincidence with voice recognition thahaligh he understands and speaks three
languages, can move only when the consumer commiauitigglish language

The biggest downside to Siri and S Voice is thiiits to access voice helper offline.

Both systems had difficulties with the analysisuoique or different spoken words when
implementing search in the Internet, distortingeemt the search bar.

The analysis showed that Siri more intelligent tl&n/oice, and does not require long
rehearsals. Besides, the noise reduction systerfeApmore perfect.
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In the end it will be right to say that the leadgriPhone, but by the cost the leader is
Samsung. But anyway both of them, S Voice andd&itwo leaders in this field.
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