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Abstract—This work presents the use of the Internet of things
(IoT) applied to a control of an actuator that works through
temperature and approximation values. The proposed technology
consists of three principal parts: Hardware (Raspberry Pi 3), a
virtual machine installed in ”the cloud” and a mobile device
with a Global Positioning System (GPS) application. A system
was developed in the Raspberry Pi 3 that is connected to a
temperature sensor which monitors the external temperature and
is connected to a mechanical actuator. This part of the system
is able to send a message to the cloud concerning the ambient
temperature which is stored on a database. The mobile device
consists of an Android application based on GPS positions which
is able to send a positional message to the cloud that is stored on
a database. A cloud development records the latest position and
temperature data which are then compared to a predetermined
threshold value in development. Through the logical operation
AND between the comparisons of the temperature and position
values with the threshold values, the decision to switch the
actuator on or off is taken. The system performs the storage and
comparison of the cloud data each time interval t predetermined
in the development. The proposed system was validated through
a case study.
Index Terms—Cloud Computing, Internet of Things (IoT),
smart home, Raspberry Pi, temperature sensor.

I. I NTRODUCTION
The Internet of Things (IoT) is a collection of electronic,
mechanical and non-electronic devices that have the ability to
be self-configurable, operated and controlled remotely over
communication networks. The user can control local and
external devices and can also, for example, switch ON/OFF
devices, switch trip circuits between several devices, access
devices and remote controls, etc [1].
A fairly useful application can be used when a person
feels very uncomfortable due to the outside weather when
the individual goes home. The user could turn on the air
conditioning to cool the room depending on the position where
the user is in relation to his house and the ambient temperature
978-1-5386-2521-7/18/$31.00 © 2018 IEEE

of his house. Another example is when the user can not
prepare something to eat immediately after arriving home [2]
[3]. Therefore, before the person arrives home, an oven or
coffee maker can be turned on and controlled depending on
the position of the user and the temperature of the appliance.
Then via the IoT can configure and control the operation of
electrical or electronic devices through actuators [4].
There are several IoT issues, which should be mentioned: 1)
In many cases, multiple controllers are required, one for each
device that need to be controlled, 2) the need to implement
a gateway that can control all devices and sensor systems,
these being of different brands and with different communication protocols [5], 3) the debate about placing the system
processing in the Gateway, in the sensor/device itself or in the
cloud [6]. All devices in IoT technology work synchronously
to produce accurate and reliable results in the absence of the
user.
The main goal of this work is to develop a solution
based on the IoT via a mechanical actuator ON/OFF control
system within the parameters of temperature and position. The
proposed system integrates the advances of the Raspberry Pi
that works as a configurable computer, a cloud service, a
temperature sensor and a mobile device with a GPS-based
application. Therefore, it is a low cost solution based on open
source hardware and software. The IoT architecture was used
during its development and this gives the system, being part of
a Smart Home, a high level of modularization while enabling
it for future improvements. The solution was validated through
a case study carried out at the University of Chile.
This article is organized as follows: Section II discusses
the state of the art and motivation. Section III describes the
design of the proposed system. Section IV explains the system
process flow and section V and VI concludes the document
with options for future improvements respectively.
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II. L ITERATURE S URVEY AND M OTIVATION
The IoT employs a wide range of devices, protocols,
technologies, networks, middleware, applications, systems and
data, all of which form a heterogeneous network. As a result,
the degree of interoperability and complexity increases. Due
to this situation, several groups such as ITU, ETSI, OpenIoT,
among others, are developing interoperability standards and
protocols for the IoT. However, in a multi-standard context,
where features, functions and devices are combined, the high
fragmentation and development of vertical IoT systems have
increased [7].
Despite this complication in terms of system structure and
difficulties in standardization, a general IoT stack has been
proposed, which is shown in Figure 1.

Fig. 2. System Architecture
TABLE I
F EATURES OF VIRTUAL MACHINE IN THE CLOUD
Fig. 1. General IoT stack

In [8], an IoT system is proposed based on energy and
position, controlled in networks, which is also based on a platform of smartphones and cloud computing. Being a complete
system on a large scale, this provides energy efficiency in
buildings and organizations. The problem with this proposal
is its difficult and expensive implementation so it is little
applicable to a smart home.
In [7], a prototype IoT system called AAL-IoTSys is
proposed which includes a Smart Gateway as a key component. This allows the interoperability of several heterogeneous devices within different communications, protocols and
technologies (eg WiFi, ZigBee, Bluetooth, IEEE 802.15.4,
6LowPAN). This system aims to monitor the environmental
conditions (temperature, humidity, C02) and location (GPS)
of people in home.
III. S YSTEM D ESIGN
The proposed system is divided into three parts:
• Cloud (Virtual Machine in Linode).
• Raspberry Pi 3 (raspbian operating system) with a connection to temperature sensor and actuator.
• Mobile device with a GPS-based application for Android.
Figure 2 presents the design of the system architecture built
with these components.
A. Cloud
A virtual machine (server) provided by Linode [9] is installed in the cloud, which is a private virtual cloud services

Parameter
VPS
Processor
Price
Operating system

Value
LINODE VPS
1 core, 1 Gb of RAM memory
10 (USD / month)
Ubuntu 16.04 LTS

company. This is where all processing of the system data
is performed as well as the decision to switch ON/OFF the
actuator because it contains the MySQL database [10] and
a script that compares temperature and GPS data. The main
features of this virtual machine are shown in Table I.
B. Raspberry Pi 3 with connection to temperature sensor and
actuator
Raspberry Pi uses the Advanced Reduced Instruction Set
Computing Machine (ARM) technology. ARM technology
is used on the board which reduces cost, heat and power
consumption. It has an energy effective multi core CPU
implemented as a System-On-Chip (SoC) weighing 50gm and
operates on a 5V, 700mA power rating [11] [12].
The Raspberry Pi is directly connected to the temperature
sensor and the actuator. It also contains the script that tracks
the sensor temperature and sends it to the database and to the
actuator operation.
The temperature sensor used is TMP102, an easy-to-use
digital temperature sensor from Texas Instruments. While
some temperature sensors use an analog voltage to indicate
the temperature, the TMP102 uses the I2C bus and does not
require much configuration [13].
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TABLE II
F EATURES OF R ASPBERRY P I
Parameter
Processor
Operating system
Connection
Communication
Ports

Value
ARM Cortex A53
Raspbian
Integrated Bluetooth and Wifi
SPI, I2C, UART
USB, audio and video, data pins (GPIO)

TABLE III
F EATURES OF T EMPERATURE S ENSOR TMP102
Parameter
Current
Voltage
Resolution
Output
Communication

Fig. 4. GPS-based mobile application

Value
10 uA
between 1.4 V and 3.6 V
12 bits
2-way serial interface
I2C (SDA, SCL)

The main features of this virtual machine are shown in Table
II and III respectively.
The physical connection between the temperature sensor
and the Raspberry Pi is shown in Figure 3

Fig. 3. Physical connection of Raspberry with temperature sensor

C. Mobile device with GPS-based application
In recent years, smart mobile devices have become very
popular as they are ideal for monitoring, controlling and
managing energy control systems remotely from anywhere at
any time. After appropriate authentication and authorization, a
good ”app” can be a good complement to the general decision
process policy based on modelling results. The application
designed for Android mobile devices aims to send and store
latitude and longitude values of the location on the database
located in the cloud in which the user is located, obtained from
the GPS mobile device. The application updates the location
every 20 seconds while the system is running and can be
configured to work in the background if necessary.
The application interface and the sent data can be seen in
Figure 4
IV. P ROCESS F LOW
This section explains the workflow of the proposed system,
summarized in Figure 5
The Raspberry Pi with WiFi connectivity is connected to the
Internet and by default to the cloud. It is assumed that the WiFi
connection is stable, but if there are faults in this connection,

Fig. 5. Process flow of the system

the raspberry PI will not lose connection to the cloud, because
it will have as backup, the wired connection via Ethernet.
The TMP102 temperature sensor is connected directly to the
Raspberry Pi using a data bus and communications. Data
transfers are performed using the I2C (Inter-Integrated Circuit)
protocol. Using I2C the Raspberry Pi is set as the master and
the temperature sensor is set as the slave while the mechanical
actuator is connected directly to the Raspberry Pi.
The Linode virtual machine in the cloud handles all the
management, administration and processing of the database.
It sends requests to the Raspberry Pi and the mobile device in
order to send push notifications and to react to the reception
of temperature and position data. It also gives values to a flag

243

(0 or 1) which turns the actuator on or off.
The location is sent to the cloud using the Latitude and
Longitude data obtained by the developed application, based
on the Android mobile device GPS. This is updated in the
device and sent every 15 seconds respectively. The thresholds
of position (Latitude and Longitude) are specified according to
the characteristics of the user, according to their requirements
of control devices, that is to say, these values are variable and
modifiable. In addition, the temperature data is updated and
sent every 2 minutes since it does not have large variations in
short times.
The database in the cloud has the structure shown in Figure
6, which is just an example, because this database is updated
every 15 seconds while the system is in operation.

Fig. 6. Structure of the database

The cloud database makes decisions every 15 seconds with
an AND function which relates a temperature threshold value
and position threshold values to the last stored value of
temperature and position on the database. It is important to
mention that the temperature and position threshold values,
as well as the update values and cloud database sending time
data, can be modified according to the criterion of the user.
Being a functional personalized system with an application
installed on a personal device, does not require an authentication itself, however this can be added in future work.
This whole process is summarized in the Algorithm 1.

Algorithm 1 System Processing Algorithm
Require: f lag = 0, T hresholdtemp and T hresholdpos .
Ensure: f lag.
1: while the system is working do
2:
Obtain T emperatureDate
3:
Write T emperatureDate in the cloud
4:
Read P osition
5:
Write P osition in the cloud
6:
if (T emperatureDate < T hresholdtemp and
P osition < T hresholdpos ) then
7:
return f lag=1
8:
else
9:
return f lag=0
10:
end if
11:
Read f lag
12:
if (f lag = 1) then
13:
return ON actuator
14:
else
15:
return OF F actuator
16:
end if
17: end while
that all data processing is done in the cloud. The system was
designed so that only the Raspberry Pi sends the temperature
data to the cloud and reads a cloud flag to switch the actuator
ON/OFF. Also, the mobile device sends the position data to
the cloud, freeing parts of the system from processing that
could make it slow and less efficient.
VI. F UTURE WORKS

V. C ONCLUSIONS

As possible future work, the system capacity presented in
this work could be incremented, increasing the number of
actuators that control the appliances. In addition, complex
algorithms can be applied depending on the number of users
that control the system. It is also possible to adapt other types
of sensors, for example heat, approach, humidity, etc, in order
to have a greater reach within the objectives of the proposed
system. Several future applications that are in the testing phase
involve control of home air conditioning, on/off control of
microwaves and coffee makers, among others.

In this document we contribute with a system based on
an IoT framework to control appliances or electronic devices
in a smart home. The work includes: 1) an actuator remote
control, 2) application designs, one based on location for
mobile devices and another based on a temperature sensor for
Raspberry Pi, 3) an experimental prototype that applies IoT
networks and computer technologies to improve efficiency in
a smart home and user quality of life. The system, which was
initially only structured from the Raspberry Pi and the cloud,
was complemented and improved by integrating a mobile
device with a GPS-based application for Android giving added
value to the project. It was also observed that all virtual
systems and machines in the cloud have several characteristics
in common so that multiple options can be implemented and
used depending on the demand for services. It should be noted
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