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temperature of the system through voice commands with the help
of the intelligent assistant Alexa, developed by Amazon. This
work allows you to remotely monitor the temperature, because its
control is essential to obtain quality results. Which reduces human
errors and errors due to equipment malfunction. The incorporation
of voice command through the Alexa smart assistant allows the
person in charge to monitor the temperature, be doing another task
or even be able to hire people with a physical disability.
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1 Introduction

The term "Internet of Things" (10T) was coined by the British Kevin Ashton in 1999 to describe a system in which objects in the
physical world could be connected to the Internet via sensors [1,2].

Over time the term has become popular, becoming an emerging topic of technical, social and economic importance, defined as
scenarios in which network connectivity and computational capacity are extended to objects, sensors and everyday items,
allowing these devices to generate, exchange and consume data with minimal human intervention.

Projections of the impact of the Internet of Things and the economy are impressive: some anticipate that by 2025 there will be
up to 100 billion devices connected to the IoT and that the economic impact will be exorbitant [2,3].

The Internet of Things can be implemented in multiple environments, such as the human body, the home, offices, factories,
construction sites, vehicles, cities, etc. [4, 5, 6, 7], or as in this case, in applications that allow making a task much easier and
controlled, even as specific as in this case, the temperature measurement of a beer fermenter.

However, to implement 10T applications, simple sensors and actuators are required, as well as a processing unit to operate them,
query them, control them and communicate with other computing devices to collect and visualize the data. This is where
development boards come in such as Arduino, Raspberry Pi, or NodeMCU, which are usually boards that easily interconnect
and operate sensors and actuators while running such applications. For the case of this project, a NodeMCU board is used.

NodeMCU is a development board especially oriented to the Internet of Things (10T). It is based on the highly integrated
ESP8266 chip, designed for the needs of a connected world. It integrates a powerful processor with 32-bit architecture (more
powerful than the Due development board) and Wi-Fi connectivity [8,9].

For the development of applications, you can choose between different languages. It has a voltage regulator on the board that
allows it to be powered directly from the USB port. The input/output pins work at 3.3V.

The board used (see figure 1) in the project has the ESP32 chip, which also has WiFi + Bluetooth connectivity, among other

features that improve its memory and interface capabilities, as it is an improved version of the ESP8266. Like its predecessors, it
is a development board with dimensions of just a few centimeters in length and width [10].
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Figure 1 - ESP32 NodeMCU board, with its dimensions and communication technologies

This project includes:

1. loT implementation to a real-life problem.

2. The use of a NodeMCU development board.

3. Functionalities of a distributed type computing system, implementing the use of technologies such as intelligent voice
assistants.

2 Problem Description

During the process of craft beer brewing, one of the procedures that requires proper control of the temperature at which it takes
place is fermentation. During fermentation, the yeast in the beer breaks down the sugars in the beer to generate mainly alcohol
and CO2 [11].

However, in order to obtain better results during this process, it is necessary to control the temperature at which the beer is
fermenting, since this factor influences the health of the yeast and, therefore, the generation of adequate alcohol. In addition, a
final consideration to take into account is that the optimum fermentation temperature varies according to the type of beer in the
fermenter.

Having a temperature measurement system that also applies the necessary corrections for fermentation can be of great help
during the craft brewing process.

3 Solution Proposal

It is proposed to create a system that implements the use of a thermometer, a heating and cooling method, a set of relays and a
NodeMCU development board to control the system, as well as an Amazon Echo Dot voice-controlled smart device to interact
with the system using Alexa, the artificial intelligence entity that the Echo Dot runs on.

The implementation of the proposed solution behaves as follows:

1) By using the nodeMCU board, the C++ language and the Arduino development platform, a programm is created that by

means of the input signal from a thermometer, sends two output signals of activation or deactivation to what will be the
cooling or heating systems.
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2) The electronic components that make up the solution are integrated with the help of wiring, resistors, experimental board

(Protoboard), and other basic elements:

a. A DS18B20 temperature sensor (preferably in its waterproof version).

b. A setof relays

c. Heating equipment. In a first implementation, consisting of a mesh heater with USB power supply.
d. Cooling equipment. In a first implementation, consisting of a 5V DC mini fan.

3) An account is created and a temperature sensor device is configured on Amazon’s Alexa-enabled 10T device development
platform called Sinric Pro (https://sinric.pro/). This requires configuring everything from the voice commands that Alexa
will recognize, to the language in which to interact with her.

4) The codes include the necessary directives to establish the network communication between the nodeMCU board and the
device previously configured in the Sinric Pro platform

5) From a mobile device and through the Alexa app, the Echo dot is configured to consult the temperature status of the

thermometer connected to the nodeMCU board. The Sinric Pro skill (Skill) must be added to Alexa and connected to the
account previously created on the platform [12]. Alexa will immediately recognize the devices configured in Sinric, and
with that, our temperature sensor will be consulted.
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Figure 2 — Diagram of system components. From left to right you can see the heating and cooling systems, their power
connections, the relays that activate them, the NodeMCU board and its voltage source, and the temperature sensor.

6) Once the system is energized, the sensor and the heating and cooling systems can be placed in the fermenter for use.
Figure 2 shows the general connection diagram of the system.

4 Generated Code

The source code on the board was developed in C language for Arduino, and is described below:
Main board configuration (SD_Project_Final.ino)

Main Arduino program. It includes in the project the necessary libraries to create a Sinric Temperature Sensor, the management

of the WiFi chip, and for the management of the relays from the temperature captured by the sensor.

Because the Sinric Pro platform is operated through a graphical interface, configuring the new device does not present the task
of making a source code, but rather that of including the credentials generated on the platform in the source code of the

NodeMCU card so that it can communicate, in turn, between the sensor and the Alexa intelligent assistant.
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5 Evidence y Results

The correct operation of the system is shown in action in Figures 3 to 12. Which even show a real fermenter in use, which
contains mead, a beverage that is the predecessor of beer, and whose optimum fermentation temperatures range from 18°C to
28°C, values at which the system was configured to turn on or off the corresponding heating or cooling systems.

Figure 4 - Protoboard and relays that make up the system. In addifion, asVv powef.supply is ed
failures.

.

t operate the relays without
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Figure 5 - Complete system. Electronics, Amazon Echo Dot, and beer fermenter shown in use.
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Figure 6 - Heafing system cons:isting of a modified mesh, WhiE:h is connected to a USB powe supply and one of the relays.
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Figure 7 - Temperature sensor attached to the fermenter. Although the most appropriate way to measure the temperature is by
inserting the sensor into the beer.
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Figure 8 - Cooling system. The fan used shows that the system, even in cooling operation, is working properly
& SINRIC PRO
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Figure 9 - Skill needed to activate the connection between Alexa and the temperature sensor.
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Figure 10 - It is possible to see fermenter 1 in the list of Alexa devices.
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Figure 11 - Detail of the device configured from SinricPro
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Figure 2 - Screenshot from the Sinric Pro platform, showing temperature sensor activity.

6 Conclusions

This paper presents the implementation of a true computational solution to an everyday life problem. It uses the integration of
multiple skills, such as the development of electronic prototypes, the programming of specific-purpose devices, the
configuration of devices from dedicated platforms, and, above all, the implementation of knowledge corresponding to
distributed computing systems as well as the development of 10T solutions to real problems.

These types of technologies have countless applications, integrating solutions, but not only that, they also open the possibility of
using technologies that are already in our homes and our lives, and through which it would facilitate the monitoring and
operation of the systems created, such as cell phone devices or intelligent voice assistants such as Amazon's Alexa, or Google
Home.
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