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Abstract: The most important source of motivation in continuity of technological
developments is to upgrade human living standards. The technological development
provides and increases human-beings’ safety and comfort directly and indirectly.
Developing technologies for this purpose directly affects the life standards by means of
smart home systems design. It is possible to classify smart home systems into two as local
and remote. In this study, a smart home automation system design was carried out by using
Delta DVP28SV model PLC (Programmable Logic Controller). Smart home system can be
controlled in two different ways either by any internet-connected device or an operator
panel assembled on PLC. Control of the ventilation, lighting and security units in the smart
home were carried out. Instantaneous states and variations of the smart home system which
is feedback based are monitored and can be changed from the user interface prepared with
the C# programming language. Unusual circumstances occurred in security units have
been reported to the user with SMS (Short Message Service).
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1 Introduction

The “smart home” concept has emerged in the early 1980's when “smart building”
concepts started to be used. In those years, smart homes were designed only for
user convenience [1]. “Smart homes” have smart technologies having remote or
centrally controlled functions and services. In a smart home, the inhabitants'
wishes and needs concerning all or some part of equipment and functionality have

priority [2].
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In smart house systems, the internet is also used to ensure remote control. For
years, the internet has been widely used for the processes such as surfing on the
pages, searching information, chatting, downloading and installation. By the rapid
developments of new technologies, monitoring, controlling services have been
started to be served along with internet as an instrument providing interaction with
machinery and devices [3]. In smart house systems, comfort and security of
houses have been enhanced, usage of energy and other resources were provided in
a more rational way, and considerable savings have been achieved [4, 5, 6]. In the
beginning, the “smart home” idea was aimed to raise home comfort of people who
are not disabled. Nowadays, it is also convenient to satisfy personal needs of older
and disabled people, to help and support those people. This application area is
very important and promising in the future [1, 4]. The concept of providing proper
and full control on each device and electrical equipment as well as no requirement
for processes, which required manual control before, are the reasons for being
under concentration.

In recent years, intelligent systems were preferred for residences, shopping malls,
skyscrapers, hotels, etc. There is a large market share for intelligent building
devices. Many organizations, such as MIT, Siemens, Cisco, IBM, Xerox,
Microsoft, etc., have been working on this issue and these groups have set up
about 20 pieces of a smart home lab. These laboratories are not a training set.
Each of the buildings covers a large footprint [7, 8].

To build a superior intelligent building, there are some essential points that should
be taken into consideration. In order to make the system high-qualified and
successful, an experienced designer who is very suitable for environmental
conditions, open to developments, and who is very well familiar with the system is
needed. The term" intelligent design" includes meanings such as sustainable
design, high-tech usage and user-friendly design [8].

Smart homes can be dealt with four main aspects:

The physical structure of the building

The system (security, air conditioning, power control)
Services (Internet, communication)

Management (energy, illumination, irrigation)

The physical structure of the building is important in terms of heating and natural
ventilation. This feature is implemented in the project phase of the building.
Engineers carry out the calculation of correct use of insulation material and the
positioning of the building for energy saving in the beginnning phase of the
project while drawing the project. The other three basic aspects can be applied on
the foundation after the construction of the building and even for pre-made
buildings [8].

In today's modern era, automation is rapidly advanced while it becomes a part
completing our homes and offices [9]. Automation can be generally described as a
process following pre-determined sequential steps with a very a little or without
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any human exertion. Automation is provided with the use of various sensors
suitable to observe the production processes, actuators and different techniques
and devices [10].

During the design process, home automation system must be effective, easy to
apply and at an affordable price. PLC is considered as an alternative to such
systems. PLC, security monitoring, energy consumption management and control
of machines and automatic production lines that are included in almost every field
of industry automation systems in particular, are commonly used [11]. PLC is an
electronic device designed to be used in the field of industry that controls a system
or groups of systems through analog/digital data input/output terminals, providing
general control by means of inherent functions of timing, counting, data
processing, comparing, sorting, data transfer and arithmetic operations. At the
same time use of PLC is very advantageous for several reasons such as being able
to make changes on the software and for resuming the algorithm as the energy
supplied back by saving data for a long time in the case of power failure.

The traditional teaching of engineering subjects, an appropriate combination of
theory, exercises and laboratory experiments should be provided [12]. In order to
gain practical skills and experience, theoretical knowledge as well as intensive
training in a laboratory must be given to electrical engineering students [13].
Constructivist educators propose that processes such as knowledge or learning are
initiated by the individual his or herself. Training materials are needed to be
presented to student both in a convenient and attractive way [14].

Many smart home systems developed for educational purposes are available in the
literature. Here are some examples designed for educational purposes; set-design
for smart home education [8], a smart home lab for students [14], a tool for
facilitating the teaching of the smart home [15], a laboratory experiment for
teaching automation inspired by the smart home [16], automatic small-scale house
for teaching home automation [17], and remote control laboratory using a
greenhouse scale model [18].

In this study, a web-based software and hardware application for smart home
automation system has been realized. Security (gas and smoke, motion, door
control) and comfort (lighting and climate control) of the smart home is provided
by means of remote control. In this study, the PLC equipment called DVP28SV of
Delta company with a sufficient number of digital and analog address has been
used for the storage of the required information belonging to the smart home and
due to ease of application over the operator panel. On the used PLC, there is 6
digital input (DI), and 12 digital output (DQ) terminals. In addition, one analog
module named DVPO4AD-S having 4 analog input (Al) terminals and one
Ethernet module named DVPENO1-SL have been connected to the PLC. Smart
home system is controlled by both PC and operator panel called DOP-
AS35THTD. The user interface is written using C # programming language.
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2 The Architecture of Smart Home System

In this study, a PLC controlled smart home application which can be controlled by
using computer, mobile devices and operator panels via the Internet is
implemented. This application is composed of two parts, including software and
hardware. General block diagram of the system is shown in Figure 1.
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Figure 1
The block diagram of smart home system

2.1 Hardware Infrastructure

Infrastructure of the performed application of smart home hardware consists of
Delta DVP28SV model PLC, DVPENO01-SL Ethernet module, DOP-AS35THTD
touch operator panel, sensors, actuators and electronic circuits. In this study, 7 out
of 16 digital inputs of the PLC, and 11 out of 12 digital outputs are used. Block
diagram of PLC module is shown in Figure 2, while the inputs / outputs of the
PLC used in the study are shown in Table 1.

It is possible to divide units controlled in the smart home system into 3 as lighting
control, security control and air conditioning unit. Controls of these units are
carried out by the operator panel connected to mobile devices and the PLC via the
Ethernet module connected to the PLC. Via the lighting unit, living room,
bedroom, kitchen and hall lights are controlled. When the system is turned on,
lighting data of rooms are read and written to the database, and then transferred to
the user interface so that the user can observe the current situation of rooms and
changes in the state of the lights. In the energy-saving mode, thanks to the sensors,
lights in unused rooms are automatically turned off.

In safety unit, gas leakage, fire, theft and door security checks have been done.
When a signal is detected by gas and smoke sensors placed in the smart home,
they run the alarm circuitry and information for the user is provided on the user
interface. When an intruder is detected by the motion sensor placed in the hallway,
pictures are taken by the camera and sent into e-mail of the user or another pre-
defined address, and information is given in the user interface. With the sensor
placed to the gate of the house, intrusions from the entrance door are detected and
the alarm circuitry is activated.
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Figure 2
PLC module block diagram
Table 1
PLC Outputs and Inputs
Inputs Tasks Outputs Tasks
X0 Living Room Yo Living Room
(Lighting Control) (Lighting Control)
X1 Bedroom Y1 Bedroom
(Lighting Control) (Lighting Control)
Kitchen Kitchen
X2 (Lighting Control) Y2 (Lighting Control)
Hall Kitchen
X3 (Lighting Control) Y3 (Lighting Control)
X4 Entrance Door va Saving Mode
(Security Control) (Lighting Control)
X5 Gas and Smoke Y5 Alarm
(Security Control) (Security Control)
X6 Motion Sensor Y6 Heater
(Security Control) (Ventilation Control)
X7 Temperature Y7 Cooler
(Ventilation Control) (Ventilation Control)
Motion Sensor
X9 ) Y1l (Security Control)
Gas and Smoke
X10 ) Y12 (Security Control)
Entrance Door
X11 ) Y13 (Security Control)
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Air-conditioning unit is a control method carried out in order to ensure the
comfort of home residents. With the temperature sensor capable of measuring
temperature between -55 C° and +150 C° placed on the smart home, the
temperature of the house is measured in real time and transferred to the user
interface. The user can set home temperature to any value. The coolant is activated
when the home temperature is above the value set, and the heater is activated
when it falls below it.

In order to perform controls mentioned above, active/passive settings on PLC

inputs and outputs must be made.

Table 2
Equipment used in smart home system

=z
o

Hardware

PC

Web Camera

Electronic circuit control cards

Relays

Supply of electronic circuit cards

PLC power supply

DVPENO1-SL Ethernet module

DVP28SV model PLC

O|lo|N|ojo|d|lwWIN]|F

DVPO4AD-S analog module

Smart home prototype

Modem

DOP-AS35THTD operator board

Figure 3
A general view of smart home system
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2.2 Software Infrastructure

Hardware and software components of the realized smart home application are
consisted of user, web, server, computer, PLC, operator panel and smart home
components, and program and circuitry prepared for these components.

For the control of intelligent home via the internet in real-time, a simple and
convenient infrastructure is constructed based on the client/server architecture.
This infrastructure is made up of client software, server software and database
section. The client software is the web interface by which users can control the
smart home system through the internet. The main task of the client software
running on the server is to manage lighting, ventilation and security units placed
in the smart home system. The client software can perform the changes made on
itself by DLL (Dynamic Link Library) is named DMT positioned essentially on
Delta Modbus Library. It is possible to access inputs and outputs, registrars,
auxiliary relays and memories of delta PLC through the methods reserved to user
over DLL named DMT imported to client software. Users need a computer, tablet
or mobile device with internet access in order to connect to the system. The
control software is kept on the server by which all communications of the smart
home system are provided. The server works in both directions. It records
commands received from the smart home to the data base and sends recorded
control commands from database to the smart home through PLC. The database
comes into play in this part of the study. All adjustments and operations related to
the smart home system are recorded in the database. Reports on the status of smart
home are given depending on user request and the time. C# programming
language has been used for the client and server software, while SQL server
program has been used for the database. These three units interact constantly with
each other although they are involved in different tasks and processes. The
interaction between these units and the developed system architecture are shown
in the block diagram in Figure 4.

SEND DATA SEND DATA SEND DATA
WEB INTERFACE |« SERVER vl PLC | SMART HOME
READ INPUTS READ INPUTS

READ INPUTS

t
WRITE DATA

READ DATA
-

L DATABASE

Figure 4
Software interaction
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2.3  Web Interface

Part of smart home system that integrates with the user is the web interface. Here,
the user can perform all the operations of a smart home system. The user gets the
most up to date information about the smart home system in real-time using the
web interface. Users can access all the rooms of the smart home system, the
temperature value of the house, the motion control in the house (the thief), gas and
smoke control and door control units through the web interface. In this way, they
are able to manage smart home any way they want. The web interface is consisted
of three parts as user home page, user control page and the reporting page. Login
page is the part on which user logs in with the user name and password. In
addition, pre-defined users on the database can log into the system. Figure 5
shows the home page.

Part of smart home system that integrates with the user is the control page. This
page is working dynamically and any change that occurred in the smart home is
reflected to control page. In the same way, a command given via the control page
is submitted to the smart home. When the user looks at the control page he/she
gets real-time information about status of the house. By using control page, the
user can control lighting, security and air-conditioning units of the rooms. At the
same time, adjustments related to these systems are able to make the system
active/passive. The control page shown in Figure 6 faces to the user entering the
user's name and password.

localhost

Suleyman Demirel University D)

Faculty of Technical Education A
Computer and Control Teaching TUBITAK

WEB BASED AND PLC CONTROLLED SMART HOME SYSTEMS

Undergraduate Project Web Interface

User Login
User Name

Passward

Project Advisor Assist. Prof. Dr. Okan BINGOL

Figure 5
Home page
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WEB BASED AND PLC CONTROLLED SMART HOME SYSTEMS

Living Room

Motion Control

House Temperature : 17 System Status. Security Status System On/Off

Temperature Value

Systom Status

Saving Mode

Figure 6
Control page

Reporting page brings the user all changes made by users on the internet or via the
operator panel by taking from the system database. The user can see all changes
about the home together with the date. Figure 7 shows the reporting page. The
flow diagram describing the general operation of smart home system is shown in
Figure 8.

9 C [© localhost52152/BitimeWeb/report aspx |6 K

'WEB BASED AND PLC CONTROLLED SMART HOME SYSTEMS

SYSTEM DATABASE
Rooms Databese Records
Living Room Bedroom Hall Kitchen
Date [2011-08-25 17:14:09.810 [m] [Date - 2011-08-25 15:55:45.463 [w] [Date - 2011-08-25 15:55:48.533 [m] [Date 2011-08-25 15:56:19.453 []
[Lamp Status Lamp Off [Lamp Status Lamp On [Lamp Status Lamp On [Lamp Status Lamp Off

Security Systems Database Records

Gas Control System Motion Control System Door Control System
ion Date 2011-09-12 00:11:55.973 : [Regis ion Date: 2012-01-05 23:18:30.260 : i ion Date 2011-08-25 19:23:22.617 :
[System status System is Active System status System is passive [System status System is Active
ion Date: 2012-05-22 18:54:54.810 : i ion Date: 2012-05-19 16:36:58.257 : i ion Date: 2012-05-19 17:26:14.913 :
Gas Leakage No Gas Leakage [Gas Leakage - There is no Movement [Gas Leakage Door Opened
Copyright 2012 All Rights Reserved
Figure 7

Reporting page
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Figure 8
Flow diagram of smart home system

2.3 Operator Panel Interface

The control process of the smart home can also be carried out via the operator
panel without the internet as mentioned above. Operator panel communicates
directly with the PLC. All of the operations of the smart home system can be
made via the operator panel. Lighting, security and air conditioning systems
controlled and monitored via the internet in smart home system are also carried
out via the operator panel. Four different interfaces were prepared on the operator
panel for each operation process. The input interface is shown in Figure 9. The
other three interfaces prepared for lighting, security, and air conditioning units can
be accessed from input interface. Figures 10, 11 and 12 show lighting, security
and temperature control panel interfaces respectively.
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Figure 9 Figure 10
Operator panel home page Lighting control panel

‘GAS ALARM ALARM OFF

DOOR ALARM ALARM OFF
THEIF ALARM ALARM OFF

[nworr [

Figure 11 Figure 12
Security control panel Temperature control panel

Conclusions

In this study, a web-based software and hardware for smart home automation
system has been implemented. Smart home system was controlled by both PC and
operator terminal called DOP-AS35THTD. The user interface is written using C #
programming language. In the smart home system, controls of security (gas and
smoke, motion, door control) and comfort (lighting and climate control) were
carried out. In this study, PLC device of Delta Company having a sufficient
number of digital and analog addresses was used for ease of information storage
required for a smart home system and application on the operator panel. In
addition, analog module with 4 analog input terminals and the Ethernet module
are connected to the PLC.

Acknowledgements

The authors acknowledges TUBITAK for the realization of this study, providing
financial support within the "2209-College Students Domestic/Abroad Research
Projects Support Program".

References

[1] D. H. Stefanov and Z. Bien, The Smart House for Older Persons and
Persons With Physical Disabilities: Structure, Technology Arrangements,
and Perspectives, IEEE Transactions On Neural Systems And
Rehabilitation Engineering, VVol. 12, No. 2, June 2004, pp. 228-250

-61-



0. Bingol et al. Web-based Smart Home Automation: PLC-controlled Implementation

(2]

(3]

[4]

(5]

[6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

J. Lertlakkhanakul, J. W. Choi and M. Y. Kim, Building Data Model and
Simulation Platform for Spatial Interaction Management in Smart Home,
Automation in Construction, Vol. 17, Issue 8, November 2008, pp. 948-957

A. R. Al-Ali and M. AL-Rousan, Java-based Home Automation System,
IEEE Transactions on Consumer Electronics, Vol. 50, No. 2, May 2004, pp.
498-504

R. J. C. Nunes and J. C. M. Delgado, An Internet Application for Home
Automation, 10" Mediterranean Electrotechnical Conference, MeleCon
2000, Vol. I. pp. 298-301

C. Douligeris, Intelligent Home Systems, IEEE Communications
Magazine, Vol. 31, Issue 10, October 1993, pp. 52-61

Y.-J. Mon, C.-M. Lin and I. J. Rudas, Wireless Sensor Network (WSN)
Control for Indoor Temperature Monitoring, Acta Polytechnica Hungarica,
Vol. 9, No. 6, 2012, pp. 17-28

L. Jiang, D.-Y. Liu and B. Yang, Smart Home Research, Proceedings of the
Third International Conference on Machine Learning and Cybernetics, Vol.
2, August 2004, pp. 659-663

E. N. Yilmaz, Education Set Design for Smart Home Applications,
Computer Applications in Engineering Education, Vol. 19, Issue 4,
December 2006, pp. 631-638

I. Coskun and H. Ardam, A Remote Controller for Home and Office
Appliances by Telephone, IEEE Transactions on Consumer Electronics,
Vol. 44, Issue 4, Nov. 1998, pp. 1291-1297

A. K. Gupta, S. K. Arora, Industrial Automation and Robotics, Dec 1
2007, 348 pages, Laxmi Publications, ISBN-10: 8131801810

S.-J. (“‘Tony’”) Hsieh, P. Y. Hsieh, Web-based Modules for Programmable
Logic Controller Education, Computer Applications in Engineering
Education, Vol. 13, Issue 4, December 2005, pp. 266-279

T. Yigit and C. Elmas, An Educational Tool for Controlling SRM,
Computer Applications in Engineering Education, Vol 16, Issue 4, 2008,
pp. 268-279

A. Keyhani, M. N. Marwali, L. E. Higuera, G. Athalye and G.
Baumgartner, An Integrated Virtual Learning System for the Development
of Motor Drive Systems, IEEE Transactions on Power Systems, Vol. 17,
Issue 1, 2002, pp. 1-6

L. Burnell, A. Sanchez, J. Priest, and C. Hannon, The Crescent Lab: A
Smart Home Lab for Students, Computer Science, ENC ’06. Seventh
Mexican International Conference, 2006, pp. 55-61

—-62 -


http://www.infibeam.com/Books/search?author=A%20K%20Gupta
http://www.infibeam.com/Books/search?author=S%20K%20Arora

Acta Polytechnica Hungarica Vol. 11, No. 3, 2014

[15]

[16]

[17]

(18]

M. Jimenez, P. Sanchez, F. Rosique, B. Alvarez and A. Iborra, A Tool for
Facilitating the Teaching of Smart Home Applications, Computer
Applications in Engineering Education, 8 FEB 2011,
DOI: 10.1002/cae.20521

S. Alayon, C. Gonzalez and P. Toledo, A Laboratory Experiment for
Teaching Automation Inspired by the Smart Home, Computer Applications
in Engineering Education, 24 Feb 2011, DOI: 10.1002/cae.20530

F. Mateos, V. M. Gonza'lez, R. Poo, M. Garci’a, and R. Olaiz, Design and
Development of an Automatic Small-Scale House for Teaching Domotics,
Proceedings of 31% ASEE/IEEE Frontiers in Education Conference, Reno,
Nevada, 2001, Vol. 01

J. L. Guzman, M. Berenguer, F. Rodriguez, and S. Dormido, Web-based
Remote Control Laboratory using a Greenhouse Scale Model, Computer
Applications in Engineering Education Vol. 13, Issue 2, Jul 2005, pp. 111-
124

—-63 -



