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Abstract. Various organizations have reported that buildings (among them,
educational institutions) are responsible for the consumption of 40% or more of
all the primary energy produced worldwide. The control of temperature and
lighting in said institutions is carried out manually. That means that every time a
classroom is used, people must turn on lights and air conditioners, and then take
care of turning them off whenever they are not required. Faced with this sce-
nario, the alternative proposed in this work allows efficient automatic control of
lighting and temperature preferences for each professor and each class.

That is why a Prototype of Classroom Energetically Efficient was built in this
paper. It has three modules: The one is the web application that was developed
using the Laravel framework for the backend and Vuejs for the frontend. Its
main function is to send commands to devices. The second is the IoT frame-
work, which fulfills the function of communicating the web application with the
hardware, providing the necessary endpoints, and making the registered data
available. And finally, the hardware that was built using NodeMCU ESP8266
boards. Its function is to be an actuator i.e. receive the data from the IoT
framework and executes commands. We also build a classrom mockup to show
the prototype in action.

Also, the performance tests of different scenarios were carried out, being
satisfactory, and allowing the development of the planned functionalities.
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1 Introduction

A modern educational institution has a large number of classrooms, each with many
lighting and cooling devices (air conditioners). “Various organizations, committed to
the efficient use of energy and the conservation of our environment, have reported that
buildings are responsible for the consumption of 40% or more of all the primary energy
produced worldwide...” [1]. For this reason, it is reasonable to say that the energy
consumed in a school day during peak hours is very high.
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That is normal (as well as in any, or most, educational institutions) considering the
daily use and movement of students and professors. As well, it is also normal that the
temperature control (by turning on/off and regulation in air conditioners) and lighting
(by turning on/off lights) in the classrooms, is carried out manually. This means that
every time a classroom must be used, one person must take care of turning on the lights
and air conditioners (if necessary), and turning them off when they are not required.
And if we take into account that the people who perform these tasks are the same
janitors and secretaries, responsible for many other tasks. Several devices may be
turned on unnecessarily for several hours.

Likewise, it is observed that each professor usually has a lighting requirement in the
classroom. For example, while there are professors who require the maximum possible
lighting (all classroom lights on), others do not use the headlights (near the black-
board), since they use projectors with presentations and/or slides. In this way, the
visualization of slides showed by projectos are more clear. So also other professors
prefer all lights completely off for the same reason. The temperature will depend on the
weather conditions. For example, days with extreme temperatures (hot or cold), will
require more use of air conditioners.

Therefore, it is extremely important to find the method to manage efficiently the
energy consumption, not only to reduce the institution’s expenses but also to help
preserve finite resources and thus mitigate the environmental impact due to its
unnecessary use.

Consistently and because the technology advances it is necessary to design a
solution to that problem through the use of an IoT Framework evaluated in [2], a Web
application and specific hardware [3], which allows each professor to independently
configure their desired lighting and temperature profile for the classroom to be used,
and that this is applied automatically in the right time.

2 Related Works

Educational institutions are one of the main responsible for the amount of energy
consumed, for the number of activities carried out in classrooms, offices, libraries, and
also for the waste of energy due to the inefficient use of electricity [4], but also, by the
mobilization of people using vehicles [5].

In [1] a line of action is established regarding customs and policies for the good use
of energy that not only promotes the development, implementation, and adaptation of
software and hardware. Instead, they serve as tools to save money at the National
University of Misiones. In [6] the research process for the development of an IoT
system is presented, which has been designed to promote an intelligent lighting service
in an academic environment. The IoT system orchestrates a series of sensors, moni-
toring systems, and controlled actions, based on the principle of making available the
functions of the system and the record of consumption in real-time through web ser-
vices. Likewise, in [7] the design and implementation of an intelligent automated
system based on Ethernet for the conservation of electrical energy using a second-
generation INTEL GALILEO development board are proposed. The proposed system
works on automation so that electrical devices and switches can be remotely controlled
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and monitored without any human intervention. The project developed in [8] uses IoT-
based technology to achieve automation in classrooms and proposes an approach to
control and manage electrical equipment such as fans and lights based on the presence
of people.

3 Methodology

This section presents the hardware and technology used in this research project

3.1 Used Hardware

The hardware used is the NodeMCU ESP8266 (Fig. 1). NodeMCU is an open source
IoT platform. Includes firmware that runs on Espressif Systems ESP8266 WiFi SoC
(System on Chip) and hardware that is based on the ESP-12 module [9].

Fig. 1. Node MCU ESP8266.

The ESP8266 is a low-cost WiFi chip with a full TCP/IP stack and a microcon-
troller. The firmware can be programmed using the Lua scripting language, although
currently the Arduino IDE also supports programming in C language [10].

3.2 Used Web Applications Technologies

In the web application development, different frameworks were used such as Laravel,
Vuels, and Postman.

Laravel is an open source PHP framework for developing web applications and
services through layered architecture, providing multiple functionalities required for
any web application.

Vuels is a progressive JavaScript framework for creating user interfaces. It is an
alternative to frameworks like Angular or React [11].

Postman is a tool that allows you to make HTTP requests to any REST API,
whether third-party or your own, to test the operation of the API through a graphical
interface.
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3.3 Framework IoT Ubidots

Ubidots [12] is a platform for building, developing, testing, learning, and exploring the
future of applications and solutions connected to the Internet [12].

Regardless of whether one or one thousand devices are connected, the same effort is
required with all types of Ubidots devices. The creation of the new device in Ubidots
can be replicated by automatically setting the variables, the device properties, and the
appearance each time a new piece of hardware is detected. Some of its characteristics
can be seen in [13]. The Ubidots service stack can be seen in Fig. 2.

Application Enablement

Protocols

Connectivity

Hardware

Fig. 2. Ubidots service stack

4 Proposed Solution Architecture

The technological solution to the problem consists of using an IoT framework that
fulfills the function of carrying out communication between the parties(Web Appli-
cation and Hardware), providing a method to store the information and make it
available to read, to be consumed at the required time. The Web Application defines all
the behavior to be followed and the hardware is only an executor of actions, ordered by
the Web Application. Examples of this would be the web application reads the
information from the temperature sensor sent by the hardware, and tells when to switch
on or off an air conditioner. The proposed solution is shown in Fig. 3.
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Sends user state changes Allows read data from hardware

Web Application IoT Framework Hardware

Fig. 3. Proposed solution architecture

Each arrow in the previous graphic represents an HTTP request performed by the
web application and the hardware respectively. Based on this, we have four situations:

1. The web application sends state change data to the IoT framework. These changes
of states refer to changes in the profiles according to the preferences of each
professor. For example: If the air conditioning in classroom 1, at a certain time,
should be turned on. The IoT framework stores this data and makes it available to
be consumed. It should be noted that the IoT framework, in this case, does not
handle the logic of when an air conditioning should be turned on or not, it simply
receives the data. For example, “Airl: 1” data, already generated by the web
application, and makes it available to be consumed by who requires it.

2. The available data is consumed by the hardware. The latter reads the data, through
an HTTP Request, and just executes the action. For example, if the hardware read
that the lights in classroom 1 should be on and they are off, it will turn them on.

3. There are certain times when the hardware needs to feed information to the system,
for example, with the temperature sensor. In this case, it will take the ambient
temperature and send it to the IoT framework, so that it is available to those who
require it. As in previous cases, the IoT framework will only be in charge of storing
and making the information available, without processing it.

4. Finally, there will be cases where the web application requires feedback from the
system, such as, for example when the hardware reports the current temperature of a
certain classroom. In this way, the Web Application will know what information to
produce and send it to the IoT framework again.

5 Test Scenarios

The following scenarios will be used for testing the prototype.

1. A professor is far from the institution and has classes at that time.
2. A professor is at the institution and has classes at that time.
3. Functioning with different personalized professor profiles.
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The activation condition of each profile includes the following three variables:

The professor is in the institution (position simulated by the marker on the map)
. The professor has classes at that time.
3. The professor attends classes.

N =

The actors involved are specified in each test. Also, if necessary, a different lighting
and/or cooling profile is specified.

5.1 Scenario 1: A Professor is Far from the Institution and Has Classes
at that Time

Actors Involved: Web Application.

In this test, the framework did not participate, because the one who sends the orders to
later be read by the hardware, is the web application. In this case, with any lighting and
cooling profile activated, and being class time for the professor, no request was sent to
the IoT framework since the professor was far from the institution. Figure 4 shows in
the “Network” tab how simulating any location of the professor on the map outside of
the profile activation field, no request is sent.

Esperando presencia del

profesor

El horario de la clase comenzs

Fig. 4. Scenario 1

5.2 Escenario 2: A Professor is at the Institution and Has Classes
at that Time

Actors Involved: Web Application, IoT Framework and Hardware.

Test Profile: All lights on and air conditioning on. Being the teacher’s class schedule,
the teacher being in the activation zone and marking that he attends classes in Fig. 5 we
can see how the Web Application sent 10 requests correctly, corresponding to the 10
variables used.
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Fig. 5. Web application sending power signal for lights and air conditioning using Ubidots IoT
Famework.

When clicking on the first request sent by the Web Application, corresponding to
the first variable “led1” of Ubidots, the request details are observed in Fig. 6:

Headers

Request Method: POST
Status Cod
Remote Addre:

Referrer Polic

Access-Control-Allow-Origin:
Allow: G

Connection

Transfer-Encoding:

Vary:

r Reques

A Provisional headers are shown
Content-Type: zppli

Referer:

Fig. 6. first request sent by the Web Application.
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The Request URL shows the endpoint to which the request was sent, corresponding
to the first variable (“led1”). Other important data are observed, such as:

— Status Code 201: The request was successfully sent.

— Content-Type application/json: One of the headers required by the framework.
— Token

— Variable ID in the URL.

In the following requests corresponding to the other lights and air, the same results
were obtained. As seen in Fig. 7, it is verified that the data was written correctly in the
Framework, using Ubidots Dashboard created for quick visualization.

{33 Ubidots e

rrrrrrrrrrr

Fig. 7. Public Ubidots dashboard, showing widgets of all variables.

In the Classroom mockup where the hardware is installed, all the lights and the
engine were turned on, as we can see in Fig. 8:

Fig. 8. A classroom mockup with all light and engines turned on.
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5.3 Scenario 3: Functioning with Different Personalized Professor
Profiles

Actors Involved: Web Application, IoT Framework and Hardware.

Test Profile: Only the last three lights turned on (in the classroom back) and air
conditioning turned off.

The new profile with only the lights at the back of the classroom on (LEDs 7, 8, and
9) and the air conditioning off as we can see in Fig. 9.

MR
BRI

Fig. 9. Web application sending on signal only for the last three lights and air conditioning off,
using Ubidots.

The profile was configured, to leave only the lights in the background of the
classroom on, and you can see how the web application sent ten requests correctly. For
the lights that should be on, he sent “value”: 1, and for those that should be turned off,
he sent “value”: 0. The air conditioning, with a temperature lower than 24° C, turns off.

In the first request, it is observed that the Request Payload has the value of false
(Fig. 10)
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Referrer Policy: no-referre
se Headers

Access-Control-Allow-Origin

Connectio
Content-Type:

Date: Mon,

Location: http
Server: nginx
Transfer-Encoding: ch

Vary: A

ontent-Length: 15

Content-Type: a
Host: th
Origin:

Referer: htty

User-Agent: Mozil

Fig. 10. Request with signal to turn off “led1” variable.

The same happens with the requests for all the lights in the first two rows. On the
other hand, for the last row of lights, we can see light turned on. To do this, we observe
the request, the variable “led9” and Request Payload has true value, as we can see in
Fig. 11:
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Headers

46975c03f97451cbE

Request
Status Code: ® 2
Remote Address: 56

Referrer Policy:

Response Header

Access-Control-Allow-Origin: *
Allow:

Connection: kee

Content-Type: a

Da

Location:

Server: nginx

Transfer-Encoding:

Accept: */*
Accept-Encoding:
Accept-Languag
Connection: F
Content-Length: 11
Content-Type
Host: t

Origin:

Referer:

User-Agent: Moz

String

token

Fig. 11. Request with signal to turn on “led9” variable.

As seen in Fig. 12, everything worked as we expected in the Ubidots Dashboard.

ubidots o Dashboards  Devices

Luces Temperatura

Temperatura (histérico)

0610310000 0710310000 031010000 09103K0000  10103K000D 1110at0000 1210310000 13103K0000 1410310000 1510a(0000 16103K0000 1710at0000 18 103€0000 19103K0000 201030000 21 103€0000 2210340000 23100000 26103t0000

Fig. 12. Ubidots dashboard, showing the devices that must be turned on.
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The hardware in the same way, it correctly read the framework data and executed
the action (Fig. 13).

Fig. 13. The classroom mockup in the dark with only the last three lights are on.

6 Conclusions and Future Works

The use of the IoT Ubidots framework for the development of a Prototype of Class-
room Energetically Efficient allowed to increase the implementation speed and the time
saved in the construction of systems that need the interaction of devices connected to
the internet. This is mainly due to the fact that it has the communication already
resolved, having to focus only on the construction of the parts that must communicate.

Taking into account that all the packages that allow communication between the
parties over the internet, using HTTP, the framework must guarantee the tools to give
the necessary security to the packages, having SSL certificates and some method of
authentication for the requests, either a token or an API_Key.

Finally, an efficient optimization in the time that lighting and cooling devices are
on, avoiding idle time, translates into lower consumption, lower costs, and therefore
less environmental pollution and greater energy efficiency.

Future work includes: Implement the prototypes with the MQTT protocol and later
make the comparison against HTTP protocol used in this work.

Refactor the Ubidots firmware code for the NodeMCU ESP8266, improving the
data reading and writing algorithms, to get better operations performance.
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Design and implement fully functional versions of the web application which allow

executing in a real way the change of teacher profiles as well as the dynamic config-
uration of the same, for each subject and schedule. Use the geo-positioning of a mobile
device, for example, a cell phone, to locate the teacher, no just simulating the local-
ization. Implement the prototype, in real classrooms of an educational institution to be
used as a living laboratory.
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