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Urgency of the research. The expansion of smart home systems is slower than was expected. One of the biggest obsta-
cles to the mass expansion of smart homes is the high price of devices commonly available on the market. Home automation is
not sufficiently widespread among people, not only for the high price, but also because the available systems do not meet users'
perceptions of how they should work and also due to users' fear of security risks. For these reasons, when designing a new smart
home system, it is a good idea to perform the initial testing on the model.

Target setting. Our goal was to design a model of the original low-cost smart home system, which would allow testing,
tuning, and refinement of the home automation system before it is put into use. Such a model could also be used in the learn-
ing process, while students can test the proposed smart home systems on the model.

Actual scientific researches and issues analysis. When designing the model and preparing this paper, we took into ac-
count both current sources — publications and papers dealing with the current state of smart home systems as well as existing
smart home solutions, which are widely available on the market.

Uninvestigated parts of general matters defining. The implementation of the proposed model into real-life operation
was not realized during the research for this paper.

The research objective. The goal of the research was to model a low-cost, reliable, smart home system.

The statement of basic materials. For effective research and solution of the task of smart home system is important to create
adequate model, which copies a real smart home. For our solution we used a tiny and affordable computer Raspberry Pi3, which
was connected through GPIO to external sensors for light, temperature etc., operation was performed in the Python programming
language and for the creation of user interface was used Cayenne platform for Android-operated smartphones.

Conclusions. Our solution implemented the Raspberry Pi microcomputer, which was connected with the external hard-
ware. The outputs also included the creation of a physical model of the smart home system. Designed model can meet the
savings, comfort and safety requirements of every household. The stability and functionality of the system designed for the
model has been verified in a long-term testing. No errors in stability have been demonstrated.

Keywords: smart home; model; Raspberry Pi; Python; Cayenne.
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The current state of smart home. A smart home can be briefly described as a residence
that uses internet-connected devices to automate and monitor in-home systems. Smart home
technology (often also referred as ,,home automation®) provides homeowners comfort,
healthcare, energy efficiency and security by allowing them to control smart devices, often by
a smart home app on their smartphone or other networked device [1]. Communication proto-
col such as RFID, NFC, ZigBee, Z-wawe, Wi-Fi, Bluetooth in combination with various sen-
sors for temperature, humidity, PIR, smoke and many others can create a mutually intercon-
nected system (Fig. 1).
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Such a system is a combination of a sensor, a programmable device, and a transmission
device that also provides a sensor output. Data from the sensor is converted into a comprehen-
sible and processable format, then stored and compared to the predefined value. Based on
this, the system will evaluate what operation to perform to meet the regulatory requirements.
Information on the currently running action can be displayed to the user [2], [3], [4].

The expansion of smart home systems is slower than was expected. One of the biggest obsta-
cles to the mass expansion of home automation is the high price of devices available on the market.

Our goal was to design a model of the original low-cost smart home system. The model
would allow testing, tuning, and refinement of the home automation system before it is put
into use. Such a model could also be used in the learning process, while students can test the
proposed smart home systems on the model. The proposed system is based on the microcom-
puter Raspberry Pi, which enables the creation of a low-cost smart home.

Design of the model of the smart home system. In the current market situation, there are
several options to make a smart home. The basic building element is the control unit, which is
a brain of all operations. When choosing the right control unit, we draw from predefined re-
quirements, e.g. price, programming difficulty, assembly, lifespan, connectivity, hardware
variability, update, etc. Based on these criteria, we decided to implement the smart home de-
sign by using the Raspberry Pi[6], [7].

Raspberry P13 (further referred as “RPi”) (Fig. 2) is the third generation of RPi. It is a mi-
crocomputer based on the ARM platform. It has a small size, about a credit card size. RPi is
an affordable programmable device, price level is approximately 50 €.

RP1i is powered by a 3A power adapter with a minimum power consumption of 2.5W to
3.5W. It can also be connected with AAA batteries. Thanks to that it can be independent from
the electrical network, although with limited battery life. RPi has four USB ports that allow
sufficient connectivity for external devices. The monitor can be connected through the full-
size HDMI port, so RPi can serve also as a personal computer. MIPI DSI display port enables
connection of a RP1i touch screen display. The image and video transmission between camera
and RP1i is ensured through MIPI CSI camera port. RPi also has 4-pole stereo output and
composite video port. The Internet connection is via Ethernet or Wi-Fi. Additional devices
can be also connected via Bluetooth. In our solution we used also 40-pins GPIO (general-
purpose input/output) heather. Any of the GPIO pins can be designated as an input or output
pin and used for a wide range of purposes. All above-mentioned connectors were used in our
solution for the model of the smart home system.

Ras berrr Pi3  bimensions

Ode B 85.6mm x 56mm x 21mm

40 Pin
Extended G
10/100

Broadcom LAN Port
BCM2837 64bit
Quad Core CPU
at 1.2GHz,

RA|

iy, SN ' 3.5mm 4-pole

On Board 5 Composite Video

Bluetooth 4.1 - and Audio

Wi-Fi » Output Jack

MicroSD CSlI Camera Port

Card Slot

/ \O Full Size HDMI
. Micro USB Power Input. Video Output
DSI Display Port Upgraded switched

ower source that can

andle up to 2.5 Amps

Fig. 2. Raspberry Pi3 [8]

162



TEXHIYHI HAYKH TA TEXHOJIOTI Ne 3 (13), 2018

TECHNICAL SCIENCES AND TECHNOLOGIES

The Raspberry Pi Foundation recommends the use of Raspbian, a Debian-based Linux op-
erating system [9]. Other third-party operating systems available via the official website in-
clude Ubuntu MATE, Windows 10 IoT Core, RISC OS and specialised distributions for the
Kodi media centre and classroom management. Many other operating systems can also run on
the Raspberry P1.

In our design of the model of the smart home system, we have connected GPIOs with a
number of necessary sensors to control lighting, heating, shading, security, power manage-
ment and entertainment. For each single smart home function, an individual connection
scheme was designed and the control has been programmed in Python environment. Example
of source code used for thermal regulation is shown in Fig. 3. In Fig. 4 we can see an example
scheme of modeling intelligent shading.

import time
import RPi.GPIO as GPIO

gdefinovanie pinov R-cervena, G-zelena, B-modra
ledR = 14

ledG = 15

leds = 18

$GPIC

GPIO. setmode (GPIO.BCM)
GPIO.setwarnings (False)
GPIO.setup(ledR, GPIO.OUT)
GPIO.setup(ledG, GPIC.OUT)
GPIO.setup(ledB, GPIO.OUT)

gpociatocny stav LED, vsetky svietia
GPIO.output(ledR, 1)
GPIO.output(ledG, 1)
GPIO.output(ledd, 1)

try:

tempStore = open("/sys/bus/wl/devices/28- 031655S07£££/wl_slave”™)

data = tempStore.read()

tempStore.close ()

tempData = data.split("\n") [1].splic("™ ") [8]
temperature = float(tempDatal[2:])
temperature = temperature/1000

print ("teplota"™)

if temperature < 20: teplota nizsia ako 20 stupnov, spustenie
kurenie
GPIC.output (ledR, 1)
GPIC.output (ledG, 1)
GPIO.ocutput (led8, 0)

if temperature > 20 and temperature < 24: #zdrziavanie teploty
medzi 20 a 24 stupnov
GPIC.ocutput (ledR, 1)
GPIO.output (ledG, 0)
GPIC.ocutput (ledB, 1)

if temperature > 24: ¢teplota nad 24 stupnov, spustenie
GPIC.ocutput (ledR, 0)
GPIC.ocutput (ledG, 1)
GPIO.output (ledB, 1)
time.sleep(l)
except KeyboardInterrupt:

GPIO.cleanup()
print ("Program ukonceny"”)

Fig. 3. Part of source code used for thermal monitoring
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4. Scheme of modeling intelligent shading

The user environment (Fig. 5) was created using the Cayenne platform on an Android
smartphone. However, the environment is also available for iOS. The application informs the user
about the individual parameters monitored and allows the user to intervene in individual processes.
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An integral part of the design process was also the creation of a physical model that con-

tained all the suggested functions for the smar

Fig. 6.

t home system (Fig. 6).
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The physical model of the smart home system
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Conclusions. Our task was to design a model of cost-effective smart home system. Our
solution implemented the Raspberry Pi1 microcomputer, which was connected with the exter-
nal hardware. We have created the customized graphical user environment that is a necessity
in terms of comfort of the user experience. The solution also included the creation of a physi-
cal model of the smart home system.

Our smart home model can meet the savings, comfort and safety requirements of every
household. It covers a software range of commonly available features with seamless imple-
mentation to a real household. The stability and functionality of the system designed for the
model has been verified in a long-term testing. No errors in stability have been demonstrated.
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VIIK 681.31
Iampux lllapea, Axy6 Koxyns
NPOEKTYBAHHSA TA BITPOBA/IZKEHHS MOJIEJITI PO3YMHOI'O BYJIUHKY

Axmyanvnicme memu 0ocnioxncennsn. Bnposaoddicenns cucmem po3ymHoz2o 6YOUHKY 8i00y8acmvbCs NOGiNbHIULe, HIdIC
ouixysanocs. OOuielo 3 HaUOINbUIUX NePeuKo0 Ol MACO8020 NOWUPEHHS PO3YMHUX OYOUHKIB € 8UCOKA YiHA HA NPUCMOCY-
6aHH3, AKI OOCMYNHI HA PUHKY. ByOounkosa agmomamuxa HeOOCmamHbo NowuUpena ceped nooell He MINbKU Yepe3 UCOKY
yinoro, ane ti MOMY, WO HAAGHI cucCmeMu He 8i0Nn06i0alomy YAGIEeHHAM KOPUCHYBAYI8 NPo me, K GOHU NOGUHHI Npayl0eamu,
a maxooic uepes no6OIBAHHS KOPUCIYBAYI8 COCOBHO PU3UKIE be3neKku. 3 yux npudun npu po3poobyi Hogoi cucmemu po3ym-
HO20 OYOUHKY PEeKOMEHOYEMbCA BUKOHAMU NOYAMKO8E MeCMy8aHHS HA MOOeI.

Ilocmanogxa npoonemu. Mema po3pobku nonazaia 8 momy, wob cnpoekmysamu mMooenb opuciHaibHOi Hedopo2oi cu-
cmemu po3yMHO20 OyOUHKY, KA 003801UMb NPOGOOUMU MECMYBAHHS, HANAWMYBANHA MA YOOCKOHANEHHs cucmemu 6y0uH-
K060i asmomamuku 0o ii 8sedenns @ excniyamayiro. Taka mooenb Modice MaKodic BUKOPUCTNOBYBAMUCS 8 NPOYeCi HABUAHHS,
MAaKUM YUHOM CIYOeHmu 3MOICYMb MeCMy8amu NPONOHOBAHI cUCmeMU POZYMHO20 OYOUHKY HA MOOEI.

Ananiz ocmannix oocnioxycens i nyonikayii. Ilpu po3pobyi modeni ma nio2omosyi yici cmammi Mu 8paxo8y8anu AK
nomouymi ddicepena — nybnikayii ma OOKyMeHmu, wo cCmocylomuCs CY4acHo20 CMaHy cucmem iHMeneKmyanbHux 6yOuHKis,
Max i HasA6Hi pileHHs 0N po3yMHO20 OYOUHKY, AKI WUPOKO OOCMYNHI HA PUHKY.

Buoinenns neoocnioncenux uacmun 3a2anvHoi npodnemu. Bnposaddicenns 3anponoHosanoi Mooeni 8 peanvhy exc-
nayamayiro He 6y10 peanizo8ano 8 npoyeci 00CaiodicenHs 0 yiei nyonikayii.

Ilocmanoeka 3a80anus. Memoio 00cniodicenHs € MoOenosanHs Hedopoeoi, HadIlHOT cucmemu po3yMHO20 OYOUHKY.

Buxnao ocrnosnozo mamepiany. /[ia epexmusHo2o 00CuiodceH s U GUPILUEHHS 3a0aUi cucmemuy po3yMHO20 OYOUHKY 6a-
JICTUBO CMBOPUMU AOEKBAMH)Y MOOEb, KA KONTIOE CNPABICHIN pO3yMHULL OYOUHOK. J{15 HAWo020 piuleHHs My BUKOPUCOBYBANU
Kpuximuuti i docmynnui komn'tomep Raspberry Pi3, axuii 6yé niokmouenuii yepe3 GPIO 0o 308HiuHix 0amuuKie onia oceimieH-
Ha, memnepamypu i m. in. Poboma 6yna suxonana mogoio npozpamyeanus Python, a ons cmeopenns npusnaueno2o ons Kopuc-
myeaua inmepeticy, suxopucmogysanacs niamgopma Cayenne ons Android — keposanux cmapm@ponis.
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Bucnogxu ¢ionogiono 0o cmammi. 3anpononogane piuienHs peanizosano Ha mikpoxkomn romepi Raspberry Pi, axuil
6y8 nog’sizanull i3 308HIWHIM 00naOHaHHAM. [Ipedcmasneni pe3yiomamu maxKodic SKIHYAIU CMBOPEHHs Qi3uuHoi Modeni
cucmemu po3ymHozo OyouHky. Pospobrena modens moogice 3a00801bHAMU BUMOLAM €KOHOMIL, KOMpopmy Ul 6e3neKu KOHCHO-
20 domaunbo2o 2ocnodapcmea. CmabinbHicmy i QyHKYIOHATbHICMb cucmeMu, po3pobreroi ons yiei moodeni, Oynu niomsep-
0diceHi npu 00820CMPOKOGOMY mecmysanHi. Hiskux nomunox y cmabinbHocmi He 8UABIEHO.

Kniouosi cnosa: posymnuii 6younok; mooens; Raspberry Pi; Python; Cayenne.
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