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Abstract. This paper presents a new approach to utilize technology in a practical and
meaningful manner within a smart home system that can be widely deployed into
residential settings. In the modern world, people are rapidly turning to technology as a
fast and cost-effective way of improving quality of daily living. This primary goal is to
address the needs of the end user by employing networked low-power sensors sensitive
to the environment, so it can be altered to their liking. The proposed system consists of
following steps: direct environment sensing, collecting and analyzing data and then
allowing user to customize the settings and initiate specific commands. This research
will present the design and implementation of a practical and simple smart home
system, which can be further extended. The system is based on: group of sensors,
Raspberry Pi device as a server system and Bluetooth as a communication protocol.
These devices can be easily controlled via user-friendly interface for Android phones.
The main advantage of the proposed system is that it is a sensible, secure and easily
configurable system that provides end users with a neat home automation solution.
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1. INTRODUCTION

Smart home itself does not means smart when the home is built friendly to the
environment, how space it uses, or using solar power and recycling waste water, but what
makes it smart is the interactive technologies that it contains [1]. A smart home is called
"intelligent™, because its computer systems can monitor many aspects of daily life [2].
The concept of the smart home is a promising and cost-effective way of improving home
care for the elderly and the disabled in a non-obtrusive way, allowing greater independence,
maintaining good health and preventing social isolation [3].

Smart home consists of home appliances, sensors, actuators and data processors and
analyzers [4]. Home automation of appliances can be either wired or wireless [5].

In this paper model of smart home based on Raspberry Pl and Android device is
suggested. Mobile application has been developed in order to manage smart home
behaviour. The main contribution of this paper is that it presents easy to implement,
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flexible and scalable solution for making a smart home environment. Smart home system
presented in this paper is based on mobile device, because of constant growth of smartphones
and tablets usage.

2. LITERATURE REVIEW

Smart home is defined as a home that has programmable electronic controls and sensors
that regulate heating, cooling, ventilation, lighting, and appliance and equipment operation
in a way that responds to interior climate conditions in order to conserve energy [6][7].
Smart homes use home automation technologies to provide homeowners with intelligent
feedback and information by monitoring many aspects of a home on daily basis [8].

Main elements of smart home [9][10]:

1. Internal network — wire, cable, wireless.

2. Intelligent control — gateway to manage the systems.

3. Home automation — products within the homes and links to services and systems

outside the home.

The range of different smart home technologies available is expanding rapidly along
with developments in computer controls and sensors [11]. Smart homes present exciting
opportunities to change the way we live and work, and to reduce energy consumption at
the same time [12].

There are already various implementations of smart homes. Most of the implementations
use wireless technologies for communication between home appliances and main unit [13].
The main problem that people are trying to solve in smart home is how to make a home that
will help people to automate regular daily activities [14]. For example, like adjusting home
temperature, ensuring that home has enough daily light and make home secure. Lead with this
idea, people developed smart homes based on different technologies [15]:

1) Smart home based on custom microcontroller and mobile application [16]. Smart
home system is using Bluetooth for communication between mobile application
and system. It depends on the controller that it is using. Some microcontrollers are
used more than others, which makes those smart home systems more flexible.

2) Smart home based on a custom microcontroller and computer [17]. Smart home
system is using Bluetooth for communication between appliances. It is based on a
computer as entry point for communication between user and smart home system.
Computer is connected using wire to the microcontroller.

3) Smart home based on Arduino and mobile application [18]. Smart home system is
using Bluetooth for communication between mobile application and Arduino. This
system is flexible and scalable. Limitation of this system is Bluetooth range.

4) Smart home based on a computer [19]. Smart home system is using Wi-Fi for
communication between appliances and main computer. Main computer is
communicating with appliances through microcontroller. Main advantage of this
system is that unlimited number of appliances can be connected to it.

Some of the solutions mentioned above use Bluetooth for communication between
main computer / microcontroller and appliances. Also, some of the solutions are based on
remote control using mobile phone, which also use Bluetooth for communication
between mobile and main computer. Smart homes today offer similar functionality to the
end user. That functionality is based on the following [20]:
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1) Integration with smart appliances.

2) Integration with sensors for tracking conditions in smart home.
3) Single point of control for the whole smart home.

4) Remote control of smart home [21].

In the research the authors [22] analyzed smart home system based on ATmega
microcontroller and Bluetooth technology. This system is based on two main parts. First
part is mobile application based on Android platform. Second part of the system is an
electronic circuit board that is used for controlling. First usage scenario is when Android
application is used for communication with an electronic circuit board using Bluetooth as
communication channel. Android application required for usage in this system can be
downloaded free of a charge from Google Play (Android application market). Electronic
circuit board consists of a microcontroller, a Bluetooth module, relay driver IC along
with relays which are used to switch electrical loads on the circuit and to switch power
supply. Android application sends a command which is received by Bluetooth module
and forwarded using USART serial interface to the microcontroller that performs
necessary actions. The microcontroller that is used in this system is ATMEL's ATmega
128, high performance and low power RISC architecture based 8-bit MCU. The operating
voltage of this microcontroller is 5V. Voltage regulator (LM78055) is used to get the
desired voltage on this device [22]. The main advantage of this system is that it is system
that is easy to use and setup. The most important disadvantage of this system is that it is
limited to Bluetooth usage, so, it has limitation of Bluetooth range.

In another research the authors [23] analyzed Android based smart home system based on
Bluetooth and Arduino. This system is based on Arduino micro web server as the main
controller. It suggests usage of mobile application based on the Android OS. It uses Bluetooth
and RESTful based web services as interoperable layer. This home automation system is
feature rich and it enables some advanced features, as user authentication, Bluetooth and
Internet connectivity, security, fire system with siren and email alerts and automated control
of home appliances. The main controller is Arduino micro web server that contains Arduino
Mega 2560 device and Arduino Ethernet Shield. It also includes other hardware, such as the
siren nRF24L01+ radio module, which is used in order to communicate and coordinate
actions with the other sensor nodes within the environment and the Bluetooth module. The
system base usage is to control security and surveillance, door locks, gate control, fire
detection and intrusion detection with alarm and notifications. It also allows user
authentication for accessing the smart home system, it provides smart energy management
and home environment control [23]. The main advantage of this system is that it is flexible
and scalable solution, because it is based on Arduino. The most important disadvantage of this
system is that it is limited to Bluetooth usage, so, it has limitation of Bluetooth range.

This paper shows a project for monitoring, tracking and analyzing a smart home.
These values can be read on Android mobile device and via website that reads the values
from the cloud. All smart appliances are connected to the same network, using Wi-Fi
router and are communicating with main computer in the system — which is Raspberry PI
device. All sensors are connected directly to the Raspberry Pl device, and Raspberry Pl
device is collecting all information from sensors and is sending that information to the
cloud, using existing Wi-Fi network. That means that the values on the cloud will show
real time stats, which are collected on the sensors. Also, the same information is sent to
Android mobile device. User is able to monitor different factors read in the system, like:
temperature, humidity, amount of light, smoke density, etc. This gives user a clear picture,
how are the conditions in the smart home. If user in the radius of 100m from the server,
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user is able to send commands to the Raspberry Pl device directly via mobile phone. If user is
not within 100m, user can use mobile to send commands to the Raspberry PI device, and that
communication is done via cloud (which is communicating to the Raspberry PI device).

3. MODEL OF SMART HOME SYSTEM BASED ON RASPBERRY Pl AND ANDROID DEVICES

This paper presents the model of smart home system based on Raspberry PI and
Android device. The system is designed to be scalable and easy to setup and extend. It is
based on powerful Raspberry Pl microcomputer. It includes sensors for listening of the
environment and appliances that are controlled via Android device.

Sensors

©
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Fig. 1 Model of smart home system based on Raspberry Pl and Android device.

There are six main parts of the system (as shown on Fig. 1):
Group of connected sensors.

Raspberry Pi device that acts as a server system.
Android device as a remote client.

Wi-Fi router as device which communicates to the cloud.
Smart home appliances.

Cloud server which is used for storing data for analyses.

ocoupwdE

3.1. Components and technologies

In the ever-changing technology trends a few components are being used in an attempt to
make a more efficient, powerful and user-friendly smart home system. The components and
technologies used for development of this smart home system are:
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1. Raspberry PlI.
2. Android.

3. Bluetooth.

4. Sensors.

The Raspberry Pl is a small, barebones computer developed by The Raspberry Pi
Foundation, a UK charity, with the intention of providing low-cost computers and free
software to students. The allure of the Raspberry Pi comes from a combination of this
powerful device’s small size and affordable price and that makes it perfect for use in
developing countries and pretty much every institution that has a need for a low cost
programming solution. Raspberry is fully programmable and it acts as the core of our
home automation system. It communicates with sensors that collect the data [24].

Android is a mobile operating system (OS) currently developed by Google. It is used
worldwide in majority of smartphones and tablets on the market today. It allows users access
to Google services (YouTube, Google Search, Google Maps, Gmail, etc.) and offers a
tremendous amount of apps, which make it so popular. It is primarily designed for
touchscreen input, but it has also been used in game consoles, regular PCs, digital cameras
and other new age technology. Nowadays, mobile phones usually are using Android operating
systems [25].

Bluetooth technology is considered to be more practical inside smart home system than
other technologies for a few reasons. The main advantage is that it tends to be cheaper since
it's widely used for quite some time. Bluetooth also tends to works faster in practice than
other technologies because it doesn't have to go through a hub so the commands can be
executed without any kind of lag. It also has higher data bandwidth than ZigBee and Z-
Wave (though lower than Wi-Fi), allowing Bluetooth-enabled products to do more than
simply flip a switch or report movement [26]. The new version of the technology will
utilize mesh networking, meaning that one Bluetooth radio can extend the distance it
communicates by using the nearest other Bluetooth radio. That would allow to users to just
put a few Bluetooth smart bulbs in his house and get a house-wide coverage. And Bluetooth
LE, which stands for “low energy,” is a newest version that uses very little power in
comparison to Wi-Fi. This is very important for devices such as portable light switches and
door locks because they don't have ready access to a power outlet.

The home automations system starts with sensors, devices that detect and respond to
some type of input from the physical environment. They can sense things like window
and door contact, the presence of person (for lighting control, heating, security),
movement, humidity, temperature etc. Sensors used in our example include generic, light,
motion, sound, humidity and temperature. It's possible to add more sensors, but even with
just these the system is very universal, flexible and versatile. For example, temperature +
humidity sensor can be used as a plant monitor to let the end user know when it needs
water, as a leak detector in the bathroom or even be placed on clothesline to send an alert
when the laundry is done drying. Then, couple the temperature sensing with light and the
results can be a light-based alarm that sends user a notification when the sun rises, or
even a security system that will alert when a light comes on while there's nobody home.
And a simple temperature and motion sensing can be used as a baby monitor, fridge or
window alarm. There is a plethora of potential uses and it is perfectly customizable.
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3.2. Example of scenario and response procedures

The main purpose of a proposed home automation system is to be able to read values
from sensors within smart home and send commands in order to customize those values,
tailoring them to the end user's specific needs. That way, this system will help in
providing better living environment for the user, and will help user to make his stay in his
home more comfortable.

Raspberry PI device is used to control flow between mobile device and sensors (and
connected actuators). For our system we used model B, which works on 700 MHz ARM
processor and 512 MB RAM. Raspbian OS is used on Raspberry Pl and the server
running on Raspberry Pl device is written in Python - since Raspberry Pl has Python
already installed on it. Our server contains few separate threads:

1. Thread for direct communication with sensors and for collecting data.

2. Thread for communication with mobile device for sending data.

3. Thread for communication with mobile device for receiving orders.

4. Thread for sending orders to connected smart home appliances (communication

via local Wi-Fi network).

5. Thread for sending data to the Cloud.

W ¢ @ il 40%& 21:51

IQI Smart Home

Smart home system based on sensor technology

Send commands to home appliances

Fig. 2 Main screen of Android application that is used to control smart home.

Android application contains following functionality (Android application is shown
on Fig. 2 and Fig. 3):
Pairing with Raspberry P server (via Bluetooth protocol).
Sending commands to Raspberry PI server.
Receiving data from Raspberry PI server.
Receiving data from smart home appliances.
Sending data to smart home appliances.
Sending data to the Cloud.

ocourwdE
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Fig. 3 Reading values from sensors and sending commands
to home appliances via Android application.

Communication between the server (Raspberry PI) and devices (smart home appliances) is
done over Wi-Fi network. It is necessary that Wi-Fi router is part of this system. All requests
can be also monitored over cloud, as server is sending all information / communication details
to the cloud storage. Wi-Fi is used only for communication between Raspberry Pl and home
appliances. For communication between mobile phone and Raspberry PI, Bluetooth protocol
is used.

Whenever mobile phone is in the Bluetooth reach, Android application is using
Bluetooth for communication with Raspberry PI device. If mobile phone is not close to
the Raspberry PI, all commands and data are sent via cloud.

Raspberry PI monitors values that sensors detect in the house and sends requests to the
Raspberry Pl server for calling actions that will be directed to actuators connected to
Raspberry Pl and smart home appliances that are communicating with Raspberry PI
wireless, using Wi-Fi. In this scenario, Raspberry Pl is a server that handles all requests. It is
used to receive information from the sensors, process that information and deliver processed
data to mobile device. Also, Raspberry Pl is used as a server in the other direction, when user
uses mobile phone to send commands and change the environment in our smart home.

This system is providing end customer with following actions:

= Reading data from sensors and showing results of readings on Android device.

= Sending direct commands to the actuators and smart home appliances.

= Collecting reports from smart home appliances.

= Processing data with Raspberry Pl device and uploading it to the Cloud (via Wi-Fi).

= Once collected in the Cloud, collected data can be further analyzed.

= Automatic adjusting of the living environment based on the set preferences (via

Android application).

This system is intended to allow following features to the end users:

1. Users can monitor and track values that are read via sensors. Raspberry Pl
device is collecting values that are read on the sensors. These values are sent to the
mobile phone and uploaded to the cloud. If mobile device is within Bluetooth
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range from the Raspberry PI device, Bluetooth is used for communication between
these two devices. If mobile device is not within Bluetooth range, then Raspberry
Pl is communicating with Android application via cloud. Android application is
reading the real time values from sensors.

2. Users can send commands to the Raspberry PI device. Users can communicate to
the home appliances and other actuators via Android application. Users are allowed
to completely control smart home system only using mobile device. Because of that,
user can make his home more comfortable and user can prepare his home, before he
comes home. The whole communication is done via Bluetooth or cloud.

The main objective of the proposed system is to allow cheap and reliable smart home
system that can control and automate home appliances using Android device as a remote
controller.

Main advantages of proposed system, compared to other systems:

= Controlling whole smart home using simple remote device. This is especially

useful for large homes, where it's not necessary to check each room separately.

= Savings made in adequate usage of power, as well as added efficiency and time

savings.

= Scalable, so it can be used to communicate to numerous devices and other types of

smart environments.

= Data can be monitored and controlled real-time and always available everywhere

via cloud server.

4, DISCUSSION

Many studies showed how using Bluetooth technology in a smart home system is
optimized way of communication between home appliances and smart home controlling
device. The "brain" of smart home system can be different microcontroller as it is shown
in smart home system based on ATmega microcontroller [22] or Arduino microcontroller
[23] or any other custom made microcontroller with Bluetooth transmitter and receiver.
These systems are focused on the same topic and they are trying to solve the same
problem as in this paper, and that is, how we can make easy adjustable, scalable and
configurable system that will help people to feel more comfortable in their homes. The
main advantage of the proposed system is that it is a flexible and scalable system, but
also powerful, and easy to implement solution. Also, system is based on Raspberry PI
device and there are many different sensors that can be easily connected to this system.
Communication between main system that controls sensors and mobile device is secure
and fast. System gives user opportunity to have history of all actions that were sent to
actuators. The main focus is given on the two ways of communication between user and
smart home — via Bluetooth (while person is in the Bluetooth range) and via cloud (while
person is not in Bluetooth range). All communication is done via mobile phone, and it
uses similar approach as described in several different studies [16][17].

We acknowledged that the proposed solution has also some limitations. The main
disadvantage of the proposed system is limitation of Raspberry PI device, that has defined
maximum number of directly connected sensors. This limitation can be overridden by
adding extensions to Raspberry PI device, which will allow users to connect more sensors
to it. The proposed system is also easier to setup and configure for small to medium size
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homes, because of the limitation of Bluetooth signal. This disadvantage can be overridden
by setting multiple Bluetooth receivers in the smart home.

5. CONCLUSION

Smart home consists of different features that are oriented to individual users of the
smart environment. The range of options that can be adjusted for user is wide. Current
trends in home automation includes remote mobile control, wearable devices, automated
lighting, automatic temperature adjustments, energy management, mobile or email
notifications, streaming media, remote video surveillance and much more [27].

Home automation systems are also perfectly useful in residential settings of elderly or
disabled, where they aim to support autonomous living [28]. And, like most technologies,
smart homes technology improves with age. It gets smarter, less expensive and easier to
use each year. The smart home system can provide a kind of easier, ordered and effective
life style to human, and must be the development tendency for future inhabitancy mode
[29]. With new smart technology inventions popping up on every corner, the future of
smart home is bright and rapidly expanding.

At the moment of writing, one of the most advanced smart home technologies relies
on Bluetooth as a communication protocol and Raspberry Pi as a server. The ease of use,
safety and the seamless integration of this technology, although on a high level already,
can and will be only improved with time. Some of the trends that are bound to take over
the newest generation of smart homes are cloud based smart environments, even cheaper
and versatile sensors, push notifications for just about anything, bigger control and more
functionality. Also, it is expected that soon our homes will even be able to distinguish
between family members by fingerprints, heart rate and body temperatures so they can
adapt to each individual’s needs [30].

We will be able to use everyday objects as our personal helpers and they will be
incorporated in our homes in a non-intrusive way. With both sensors and devices approaching
free and sizes approaching invisible, we are about to enter the age of smart everything.
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