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Abstract— This paper focuses on the proposed method usedice control of operational technical functionsafSmart

to test the success or accuracy of voice commaudjrition
under different conditions, which is used to cohteghnical
functions in the Smart Home system through theiegibn
of KNX technology. The work describes the developtra
an application used to program voice recognitiomrogram
and start the simulation model and the actual impleation
of the communication interface between differentpaf the
created system. The actual recognition of voice roands
was done on the .NET Framework 4.0 platform usiegG#
programming language. To transfer information betwe
detected voice commands and the KNX technology hmac
code commands were sent over the UDP server udiihnj<a
/ IP router from the computer control to the sintiola Smart
Home module. At the end, 10 speakers used a miorapto
test the functionality and quality of the voice gquand
recognition system under different surrounding dtowis.
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1. INTRODUCTION

House is to provide users with easy and simple sacte
control of their house. This application can sea® a
complement to other technologies, supporting TedeeGn
Smart Home Care. For example, for determining thetjon
of the senior citizen’s in Smart Home Care.

2. DESCRIPTION OF DEVELOPMENT
ENVIRONMENT

The application has been created in “Sharp Develop”

environment, which is an open source integrateéldement
environment. After launching G.H.O.S.T applicatican
introductory screen with basic menu is presentetieauser.
In the upper part of the screen there is a butidorim of an
icon with a microphone, which serves for turnin§arid on
of voice recognition. The basic menu consists wfsittons
(Visualization, “Statistics”, Voice commands, Segts, Help
and Close) providing switching to other screensheaf the
submenus provides the user with the possibilitycaatrol
functions of smart home or the G.H.O.S.T prograselit
Visualization screen (Fig. 1) - contains floor plah the
apartment controlled by KNX system displaying sgste

Voice commands can be used to provide comfortabfatus. Icon indicating status of lighting andusadf drawing

control of operational technical functions in ifiggnt
buildings [1]. In real-life implementations of thaesigned
systems for voice communication [2], [3], [4], [&fth the
control system it is necessary to resolve an igstheadditive
noises for the particular environment [6], [7]. @eicontrol
in smart apartments is preferred mainly by older
handicapped fellow-citizens [8]. This paper focusesthe
design and implementation of a comfortable voicatim
operational and technical functions in intelligéntildings
with the KNX technology system. The whole work abbke
notionally divided into three parts, namely the elepment
of applications for voice recognition, programmiramd
animation has finished school model and impleméentaif a
communication interface between these parts. Theahc
recognition of voice commands will be implementedtbe

platform. NET Framework 4.0 using C# programming

language. Recognition results in machine code lallsent
over UDP server using KNX / IP router from the htusthe

school model. After completing work on a model of

intelligent building and a successful implementatid voice
control is carried out functional and quality voreeognition
testing. The task of the designed software G.HDBr

down or up of the blinds has been inserted to eveoyn.
Indication of blinds movement relates to bedrooiitghen
and living room, where these components are used.

G.H.O.5.T -

General Home Operating System Technolo

Created: Bc. Marek Smolon
Year: 2013/2014

Recognized command: livingroom tv
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After entering a particular voice command, the aygyion is
able to evaluate the command and visualize the gdsan
performed on this screen. Statistics screen - esahke user
to test quality of voice recognition. Voice Commarstreen
- serves for checking the required commands. Tdiziotual

recognized commands are listed in Rich Text Bo

"foreach" type loop has been incorporated in thehot
whose task is to store all recognized words intifelou

The UML scheme — Public Partial Class MainForm -
Visualization is described in Figure 3.
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.NET 4.0 platform. The resulting application is idegd in \ I /
“Sharp Develop” environment so that at first thepective a) - b

graphical part of the program is designed (the irequ
components are arranged in the application windieir
style and proper-ties are created) and then themghigal
elements are assigned certain functions in texbediecause
the developed program uses a greater amount ohigedp
elements, it logically contains quite a large amafrservice
methods. Listing all methods would not be very gtiwin a
single UML scheme. The full extent of the graphipalt
roughly consists of a hundred graphical componéiits.text
part, which implements main functionality of the ald
application, spreads out in about seven hundrees liof
suitably commented code. Two basic classes havedsten
the application. The first one is ,Main Form“ clasghich
inherits its basic properties from ,Form“ classisltlass can
be labelled as main, as it contains majority of hods
providing program functionality. The other classmeal
“Voice commands” has been generate only for the@se of
increasing lucidity of the written program. Aftdretprogram
is started, initial configuration of the programperformed
using method ,Main Form Load ()*. In the initializan
method, import of settings from an external filpe&formed
first and then the voice recognizer and synthesizerset.
.Main Form Load ()" initialization method also inades a
block marked as Microsoft SAPI initialization inetlscheme

(Fig. 2).
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Fig. 2 a) UML scheme — Public Partial Class MainFerm
Initialization of Microsoft SAPI, b) UML scheme -uBlic Partial
Class MainForm - Voice Recognition.

Automatic selection of the used micro-phone, cozatif
a simple dictionary of options containing only gution for
waking the system up from sleep and starting voic
recognition takes place here. In the end of thehotbst
asynchronous voice recognition is started. Duregpgnition
of the wake up phrase, the program automaticaltfopms
voice recognition method called
._Speech_recognizer_recognized (). This methodtaioa
the key algorithm for voice recognition. Here ipisssible to

mplementation of the
function assigned to
the phrase

Start of voice
recognition

a)

Fig. 3. a) UML scheme — Public Partial Class Maimke-
Visualization, b) shows how the UML scheme — PuBlictial
Class MainForm - Program settings has to be perfdirme

A string type variable has been created for thdebpuf
Words are stored in this variable with spaces imfmf
sentences. This perhaps kind of unusual type diebiias
been used because in the next step only certaasgfimay
be searched for in sentences using contains() cochma
Method for phrase search is implemented in secgntlass
"Voice commands". If a control phrase is recognizethe
buffer, the whole buffer is cleared and an operati@ction
is performed. Choice of the operational actiorréated using
switch-type command. After choosing and performiag
certain action, the program responds to the usig ube
synthesizer. The described operational action jgémented
using method "lights blinds change of the state THis
method forms the basis for the visualization scrétsrbasis
is again a "switch" type command. Using the coodial
command ,switch”, this method chooses a block ofleco
performing the respective changes both in the lization
part and in the smart building model by sendingéspective
commands KNX fieldbus through UDB server.

3. INTERCONNECTION OF THE APPLICATION
AND KNX COMMUNICATION FIELDBUS

Interconnection between the computer and the
communication bus was achieved using a Siemens KNX
Router N146 (Fig. 4). The described module has aXKN
interface on one side and an Ethernet connectéhe@wother
side. However, when using this router, UDP protocost be
used to communicate via a network. A modem was cdde
between the computer and the KNX IP Router in order
accomplish automated assignment of IP addresses.

microphone
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Fig. 4 Connection of the whole communication networ
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Connection is very simple if is consider the wiringMicrophone integrated in PC (without distance, wiht

connection alone. Much more difficult is the needatiapt
software to individual protocols (KNX and UDP). Aght
disadvantage is also the fact that the used KNXdifer
module uses rather the simple UDP communicatiotopad,
which does not guarantee transfer reliability. Hoeve for
this developed application this solution is moreanth
sufficient. Difference between TCP and UDP protoil
described follow. TCP is a connection-oriented @cot
which means that to establish "end-to-end" comnatidno it
requires so-called "handshaking" to occur betwéenctient
and server. After a connection is established, d#g be
transferred in both directions. The KNX technolages its
own communication protocol for communication betwéee
individual peripheral devices. The algorithm to gexte
codes sent over the fieldbus would be very comgitand
the whole solution would be quite cumbersome. Ihgata
in form of component addresses and states of thigidual
modules are not fully static parameters and maghaaged
using ETS application. That is why a more straigtvtard

way was chosen. The used way is based on mapping

addresses and UDP messages being sent over titsufedn
every change on the sensor part of the systemiteeShark
application version 1.10.5 was very helpful

developed application, which is able to send theasic
messages in hexadecimal format. Therefore the caijain
can emulate pressing of any key through softwaris @ble
to emulate any change both in the sensor part anthe
operational part of the system). This way it wassgige to
get around the complicated generating of messaasedion
variable messages and to control the whole systeheimost
straightforward and in principle the most naturalwior the
fieldbus. A total of 31 similar operational actiomgere
mapped into the application.

4. EXPERIMENTAL PART - TESTING AND
COMMAND RECOGNITION SUCCESSRATE
STATISTICS

Testing is a part of the created application. After test
is completed, a notification window is displayed ttwi
information about the particular test. Although thenber of
well recognized commands is one hundred of one iteahd
the average recognition success rate is only 94.G1#6 is
because the number of recognized words is a raa wahile
average recognition success rate represents aapnegrse
estimated recognition success rate. Ambient noidgch
influences the very recognition, is a major fadtwat has a
great influence on aver-age recognition success. rad
persons of different sex and age have participatddsting
of this system. Both men and women in age rang26f 50
years. An integrated microphone, which is a pad BC, and
a wireless microphone (Logitech Wireless Headse®d)6
have been used for testing. Every speaker testamhdom
voice command several times. Each of the ten spedias
tested the given command, in the first case (ligits 100
times. In order to compare results of the individipeakers,

in thi
application. Only a UDP client was programmed i th

ambient noise) —test 1

The Figure 5 shows that the achievable successiogév
commands represents 100% accuracy for three conswand
of 10 and 99% accuracy for the remaining 7 commaniat
means that in the second scenario, out of 100 spoke
commands 99 were interpreted accurately.
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'lEiJg. 5 Results of voice command recognition succatss- test 1.

4\/I|crophone integrated in PC (distance 3m, withoundient

noise) — test 2

Similarly, further testing was done but the micropa
distance from the PC was approximately 3 m. Thelle¥
success of voice recognition commands depends en th
distance between the microphone and the speakeffuither
the speaker is from the microphone, the lower thibtyato
recognize commands due to poor sensitivity of the
microphone. All five speakers did the testing agaimg the
same voice command, "living room TV." As demongigaby
figure 6, the success level of this command recamiis
rather high.
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Fig. 6 Results of voice command recognition succass- test 2.

Younger speakers achieved slightly worse resultsctw
may be due to incorrect English pronunciation. Aldwe
programmable estimated recognition liability is &w
because of ambient noise detected by the microphdhne
microphone is not able to catch the entire command.

Microphone integrated in PC (with ambient noise)test 3

Because it is very likely that there will neverdmmplete
silence in the building, where the system will bstalled,

testing was performed on the same command for eachtesting together with the presence of ambient noEgdone.
them. The result is an average percentage sucaessfrthe The TV set and radio were ON. The ability to redegvoice
tested command and real recognition success ratdeof commands is shown in figure 7. In this test thegpmmmable
success rate. estimated reliability of voice recognition was sfgrantly

lower, mainly due to the ambient noise that wasl uk@ing



this test (radio and TV). It did not, however, haveareat
impact on the actual recognition of the voice comdia

The graph of voice command recognition success rate
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Fig. 7 Results of voice command recognition succass- test 3.

Wireless microphone (without ambient noise) — tdst

Testing was also done with a wireless microphoig &)
This solution offers advantages that an integrakd
microphone does not have. The main advantage isotira

movement around the apartment or house is notéddnit

Using a suitable wireless microphone allows us tmven
freely and control operational and technical fuorsi
(lighting, blinds).

The graph of voice command recognition success rate
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Fig. 8 Results of voice command recognition succass- test 4.

The only restriction is the range of the selectaegtiass
microphone. All five speakers did the testing againg the
"shower" voice command. Using a portable microphgenee
us almost a hundred percent success rate. Thig tauthe
result of several factors. One of the most impdrtactors is
the use of a high-quality microphone, mainly dughie fact
that the user has the microphone very near to bigm The
lower percentage for programmable estimated rdiiabnay
also be due to the incorrect pronunciation of dertpeakers.

Even in this case, the success rate of voice comm

recognition is very high despite the fact thatitestvas done
with the presence of ambient noise. This is madhig to the
use of a high-quality microphone and due to the¢ ttaat the
speakers were very close to the microphone.

4. CONCLUSIONS

The designed and implemented solution works acogrdi

to the requirements. The indisputable advantagens cost,
provided that the user is running Windows Vista Hmher)
in the English version. As evident from the sucaedseved
by the proposed voice recognition communicationhoet

the voice recognition feature works very well. Tesople
participated in the testing. Each person condufitedtests
and uttered 100 voice commands. The average suatess
real voice recognition based on all tests is apprately
98.78% (note that interference, noise or greatstadce
between the speaker and the microphone were us@tgdu
certain tests). Some minor errors occasionally meduwhen
the application was in idle mode (waiting for thaiwation
phrase) and a conversation in Czech language vkitsgta
place in the room. This problem is eliminated byliad a
restrictive conditions to the program, which aceefte
initiation phrase if the application is at leas#®86ure that the
phrase was correctly received/said. Despite thesprogram
may sometimes recognize a Czech word as the actual
initiation phrase. As a possible improvement - whead in
the real world, it is advisable to use a microphaeévork
covering the entire area of the building.
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