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ABSTRACT

The demand for electrical energy is steadily increasing, and
the buildings sector represents one of the largest energy end
use. The larger amounts of that energy are wasted due to
unnecessary heating and cooling. Several studies have shown
that the major reason for this behavior lies in poor controls
and the lack of feedback information. In this paper, a new
management system is designed and constructed in order to
perform saving the electrical energy. This system consist of an
Arduino microcontroller with various sensors such as a
temperature sensors, simple RF modules as well as actuators
to control the air conditions. The principal work of this system
is based on measure the temperatures of several rooms in the
smart home, and then send these information wirelessly to
main control device which employing better controls and
feedback information to turns on only one air condition in one
room at each time to save the electrical energy. The simple
measurement shows that using the suggested system can save
the electricity cost for every test case.
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1. INTRODUCTION

Currently, consumption of electrical energy is the most
common problem in smart home and building environments.
So that, the monitoring of electrical energy consumption data
of electrical equipment is becoming increasingly important [1,
2]. In recent field of research, the design of efficient electrical
management system for homes or buildings is an active
subject. Nowadays, an energy saving is crucial for every
home [3-5]. The electricity is used in our daily life such the
use of lights, air conditions, fans etc. The demand for energy
is steadily increasing, and the buildings sector represents one
of the largest energy end use. In this situation, heating and
cooling are responsible for the major part of energy consumed
by residential buildings. The larger amounts of that energy are
misused due to unnecessary heating and cooling. Several
studies have shown that the major reason for this behavior lies
in poor controls, along with misconceptions about
conventional heating and cooling controls.One of the
researcher is interested in developing a prototype of smart
home for energy saving. The prototype uses a microcontroller
with various sensors such as a temperature sensor as well as
actuators to control the lights, air conditions, as well as the
fans etc. [6]. Other researcher installs motion sensors and reed
contacts on doors to sense residents’ occupancy of the
dwelling, which was used to infer a heating schedule [7]. This
process saving about 15% of the energy. In 2013 several
techniques to enable energy savings are developed [8]: (1)
passive infrared sensors and magnetic reed switches to detect
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when residents are away; (2) a probabilistic model that uses
the current sensor data and the historic sensor data to decide
when the heating should be turned on and off; (3) a simple
heuristic approach to achieve deeper setbacks when residents
are away for longer periods of time. They are reported that an
optimal prediction achieved 35.9% savings on average
energy. In 2011 a passive infrared-based wireless sensor
network solution from a commercial building to gather real-
world occupancy data is used [9]. The Markov Model is
developed and trained based on the data and predicted the
occupancy level for the building. With a model and simulation
in Energy Plus, the authors report savings of 42% on average
energy. In 2009 the researchers developed a GPS thermostat
to decrease and increase the temperature, depending on the
travel-to-home time of the residents, which was determined
by each resident’s smartphone location and a geo-location
mapping service [10]. They tested the prototype for 14 days in
a single household, also evaluating the potential energy
savings using their own simulation framework. They reported
savings of 3.4% over the period of 14 days. In 2014 another
researcher closed that comparison gap by simulating the
energy savings and comfort loss of most of the state-of-the-art
approaches on a number of representative scenarios [11].
With their dataset and experimental setup, it turns out that all
tested prediction algorithms achieved almost the same annual
efficiency gains ranging from 6% to 17% energy saving.

In this paper, a prototype of smart home for energy saving is
developed. The prototype uses an Arduino microcontroller
with various sensors such as a temperature sensor as well as
actuators to control the air conditions. The principal of energy
saving in this system depends on control the number of
working air conditions at each moment. This process is
achieved by choosing a suitable temperature to switch on and
off the devices and at each time only limit number of air
conditions to be operate. The rest of the paper is organized as
follows: Section 2 explains the system architecture, the
experimental results shown in section 3, and finally section 4
discuss the results.

2. THE SYATEM ARCHITECTURE

Energy saving has raised a lot of interest because it provides
the ability to save the energy and reduce the cost to the
costumers. The energy save system has several devices with
the same structure: The main control device and the auxiliary
device. The main one is equipped by keypad to control the
number of worked devices and the range of working
temperature. In this paper our prototype system has one main
and two control devices.

2.1.The Main Control Device

This device is used to read the temperature of it is sensor and
the reading of other devices wirelessly. According to these
reading the main device gives the order to turn on one device
at each time. The main control device consist of two parts:
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The hardware and the software parts. This hardware part
equipped by the following parts: Arduino Mega, LCD
Module, Heat Sensor DHT11, Relay Module, 433 MHz TX,
433 MHz Rx and 3*4 Keypad.

The Arduino (Fig. 1) is a small microcontroller board with a
USB plug to connect to your computer and a number of
connection sockets that can be wired up to external
electronics, such as motors, relays, light sensors, laser diodes,
loudspeakers, microphones, etc.... It can either be powered
through the USB connection from the computer or from a 9V
battery.
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Fig. 1. The Arduino Mega.

The DHT11 digital temperature and humidity sensor is a
composite Sensor contains a calibrated digital signal output of
the temperature and humidity as shown in Fig. 2. The sensor
includes a resistive sense of wet components and an NTC
temperature measurement devices, and connected with a high-
performance 8-bit microcontroller.

Fig. 2. The DHT11 temperature sensor.

The RF modules (Fig. 3) are very popular among the Arduino
tinkerers. The 433MHz is used on a wide variety of
applications that require wireless control. These modules are
very cheap and you can use them with any microcontroller
(MCuU).
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Fig. 3. The 433MHz RF modules.

The LCDs are very popular and broadly used in electronics
projects as they are good for displaying information like
sensors data from your project, and also they are very cheap.
It has 16 pins: the Ground, VCC, Vo, RS, and so on.
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Fig. 4. The LCD module.

The relay (Fig. 5) is defined as an electrically controlled
device that opens and closes electrical contacts, or activates
and deactivates operation of other devices in the same or
another electrical circuit.
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Fig. 5. The Relay module.

The complete circuit diagram and the front face of the main
control device is shown in Fig. 6.
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Fig. 6. The complete circuit diagram and the front face of the main control device.

The software part of the main control device is shown in Fig.
7. The procedure for investigating this flow chart is as in
following steps:

Step 1: When the main device equips by the keypad at first it
checks if the number of devices or the reference temperature
are need to change.

Step2: The main device reads it is room temperature.
Step 3: The main device waits for the temperature reading
from the auxiliary control devices.

Step 4: According to these reading the main device decides
which must be turn on and which one must be turn off.

2.2.The Auxiliary Control Devices

These devices are distributed in the other rooms in the smart
home. They are used to read the temperatures of their sensors
and send these reading wirelessly to the main control device.
According to these reading the main device gives the order to
turn on one device at each time. Each auxiliary device has the
same hardware structure of the main control device except the

Keypad. The software used by these devices is shown in Fig.
8. The procedure for investigating this flow chart is as in
following steps:

Stepl: The auxiliary device reads it is room temperature.

Step 2: The auxiliary device sends it is temperature reading to
the main control devices.

Step 3: The auxiliary device waits to the order from the main
control device to turn on or turn off.

The complete circuit diagram and the front face of the
auxiliary control device is shown in Fig. 9
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Fig. 7. The flowchart of the main control device.
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Fig. 8. The flowchart of the auxiliary control device.

3. THE EXPERIMENTAL RESULTS

The experimentals results are obtained by using the three
control devices: one main device and two other auxiliary
devices as shown in Fig. 10.
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Fig. 9. The complete circuit diagram of the auxiliary control device.
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Fig. 10. The experimental setup using the main and auxiliary control devices.

These experiments are used to measure the performance of the
control system when the three control devices are switched on
and off to control the temperature of two and three rooms. The
experiments are repeated for two and three rooms and tested
for different switching times. Fig. 11, 12, 13, 14 and 15 shows
the results obtained for 5, 10, 15, 20 and 30 minutes switching
times respectively. These experiments are used with two
control devices.

Measured temperatures for two rooms in one hour
(5 minutes switching)

Temperature (Degrees Celsius)
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Fig. 11. The two rooms measurement temperatures with 5
minutes switching time.

Measured temperatures for two rooms in two hours
(10 minutes switching)
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Fig. 12. The two rooms measurement temperatures with
10 minutes switching time.

By comparison the average temperatures for each room in the
last experimenters (two rooms experiments with 5, 10, 15, 20
and 30 minutes switching times) we found that the experiment
with 30 minutes switching time produces a pest cooling
system as shown in Fig. 16.
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Fig. 13. The two rooms measurement temperatures with

15 minutes switching time.
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Measured temperatures for two rooms in two hours
(20 minutes switching)
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Fig. 14. The two rooms measurement temperatures with

20 minutes switching time.
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Measured temperatures for two rooms in 2.5 hours
(30 minutes switching)
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Fig. 15. The two rooms measurement temperatures with
30 minutes switching time.

Fig. 17, 18, 19, 20 and 22 shows the results obtained for 5, 10,
15, 20 and 30 minutes switching times respectively. These
experiments are used with three control devices. By
comparison the average temperatures for each room in these
experimenters (three rooms experiments with 5, 10, 15, 20
and 30 minutes switching times) we found that the experiment
with 30 minutes switching time produces a pest cooling
system as shown in Fig. 22. Finally, Fig. 23 shows a
comparison between the two and three rooms systems. The
switching time used in this comparison is 30 minutes. From
figure we found that the two rooms system produces a pest
cooling system.

4. CONCLUSION

In this paper the prototype for saving energy device is design
and constructed. This system is builds by using a very cheap
equipment's. A simple RF module is used for data transferring
among the devices. This system is designed to turn on only
one device at each time. This process reduce the amount of
the spent energy and also, reduce the cost of the electricity for
the users. The experiments show that the best case is obtained
when the switching time is increased and also, when the
number of the control devices are reduced.
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Comparison The average of temperatures for different switching times
(two rooms control)
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Fig. 16. The average temperatures comparison for different switching times (two rooms control).

41



Measured temperatures for three rooms in one hour
(5 minutes switching)

Temperature (Degrees Celsius)
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Measured temperatures for three rooms in two hours
(20 minutes switching)
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Fig. 17. The three rooms measurement temperatures with
5 minutes switching time.

Fig. 20. The three rooms measurement temperatures with
20 minutes switching time.

Measured temperatures for three rooms in two hours
(10 minutes switching)
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Measured temperatures for three rooms in five hours
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Fig. 18. The three rooms measurement temperatures with
10 minutes switching time.

Measured temperatures for three rooms in two hours
(15 minutes switching)
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Fig. 19. The three rooms measurement temperatures with
15 minutes switching time.

Fig. 21. The three rooms measurement temperatures with
30 minutes switching time.
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Comparison The average of temperatures for different switching times
(three rooms control)
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Fig. 22. The average temperatures comparison for different switching times (three rooms control).
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Fig. 23. The average temperatures comparison for two and three rooms control.
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