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DESIGN AND DEVELOPMENT OF AN IOT DEVICE CONTROLLED BY
AMAZON'S ALEXA VOICE ASSISTANT

Angel Toshkov

Abstract: This article shows how we can build our own 10T device using a memory-limited type
of Al compatible directly with Amazon's built-in artificial intelligence voice assistant Alexa. For
this purpose, a hardware model with a microcontroller from the ESP32 series was used, with the
help of which an Alexa compatible 10T device was realized. The hardware module consists of a
microcontroller ESP32-Device Kit, five different colored LEDs, five resistors limiting the current
through the diodes to the appropriate level. All these elements are mounted on one solderless mini
board. The LEDs are connected to a general purpose GPIO. In the examples, the LEDs are used to
indicate the control action resulting from the Al decision based on the data received from or
intended for the 10T device. In a real situation, the LED can be replaced by another executive device
- for example, a relay or relay matrix, a motor control unit, etc.
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MPOEKTUPAHE U PABPABOTKA HA loT YCTPOMCTBO,
YIHPABJISABAHO OT I''TACOBUS ACUCTEHT ALEXA HA AMAZON

Anzen Towkos

Ab6cmpaxkm: Ta3zu craTus INOKa3Ba Kak MokeM Ja u3rpagum cobctBeHo loT ycrpoiicTBo,
M3M0J3BalKl OrpaHMYeH B mamerta TN Al, CbBMECTMM IUPEKTHO C BIPAJCHUS H3KYCTBEH
UHTENeKT Ha Amazon, rijacoB acucTeHT Alexa. 3a menrta € W3MONA3BaH XapAyepeH MOJEN C
MUKpPOKOHTpoJiep oT cepusita ESP32, ¢ momoira Ha koiiTo e peannsupano Alexa cbBmectumo [oT
YCTPOMCTBO. XapJIyepHHUIT MOIyJd ce cbhcToM OT MukpokoHTposnep ESP32-Device Kit, mer
pa3IMyHM IBETHH CBETOAMOAA, II€T PE3UCTOpa, OrPAHMYABAIIM TOKA Ipe3 JIHOAUTE JI0
MOJIXOASIIOTO HUBO. BCHUKM TE3u eeMEeHTH ca MOHTHUpPAHU Ha €1HAa MMHU IIaTKa 0e3 CIOMKH.
Ceeronuonute ca cBbp3anu kbM GPIO ¢ 0610 npegHazHauenue. B mpuMepuTe cBETOAMOINUTE C
M3I0JI3BAT 3a yKa3BaHE HAa KOHTPOJIHOTO ACHCTBHE, TPOU3THYAIIO OT pelIeHUETO Ha Al Bb3 OCHOBa
Ha JaHHWTE, MOJYYEHUW OT WIM mpenHasHadeHu 3a loT ycrpoiictBoTo. B peanna cutyanms
CBETOAMOABT MOXE Jla ObJIe 3aMEHEH C APYro M3MBIHUTEIHO YCTPOUCTBO - HAPUMEp pelie WM
perneiina maTpula, OJ0K 3a yIpaBJIeHHE Ha JIBUTaTeNs U JIp.

Knrouosu oymu: 10T, ESP32, Alexa, riracoB KOHTpOJI, M3KyCTBeH uHTENeKT, ECho Dot
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Introduction

To get an idea of the use of Al in 10T systems, we first need to familiarize ourselves with some
terminology.

What is Al (artificial intelligence)?
There are many attempts to define what artificial intelligence is. Some of them, for example, are:

- Artificial intelligence is a wide-ranging branch of computer science concerned with
building smart machines capable of performing tasks that typically require human intelligence.

- Al is a class of applications that interpret conditions and make decisions, similar to the way
people respond to their senses, but without requiring direct human intervention.

According to some specialists, we can classify artificial intelligence into 4 distinct types. [1].

Reactive Al - This type of Al is good for simple tasks, such as classifying and recognizing images
or sounds; works well when all possible input parameters are known; can do calculations very
quickly.

It cannot handle scenarios involving lossy information or those requiring historical data.

Memory-limited Al - This type of Al can handle complex classification tasks. May use historical
data to make decisions or make predictions; Capable of complex tasks such as self-driving cars,
but still vulnerable to non-standard data or deliberate actions.

This is assumed to be the current state of Al.
Al using Theory of Mind - These are Al's capable of understanding human motives and reasoning.

It can provide a personalized experience to everyone based on their motivations and needs; Able
to learn with fewer examples because he understands motive and intent; Considered the next
milestone in Al's evolution

Self-aware - Human-level intelligence that can resemble our intelligence.
What is an 10T?

The Internet of Things or IoT is a system of interconnected computing devices, mechanical and
digital objects, machines, living objects that are equipped with a set of sensors

and a unique identifier (UID). They are the ability to transfer data over a network without requiring
human-to-human or human-computer interaction.

How does 10T work?

An 10T ecosystem consists of intelligent devices with network communication capability and
access to web-based applications that use embedded systems, such as processors, sensors, and
communication hardware, to collect, send, and act on the data they acquire from their
environments. 10T devices share the sensor data they collect by connecting to an IoT gateway or
other end device, where the data is sent to the cloud to be analyzed or analyzed locally. Sometimes
these devices communicate with other connected devices and act on the information they receive
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from each other. The devices do most of the work without human intervention, although people
can interact with the devices—for example, set them up, give them instructions, or access the data.
10T with Al.

The use of Al in 10T systems is leading to the emergence of 0T with Al. These are intelligent
devices capable of collecting information and processing it using Al technologies.

In this material, we will look at the possibility of creating and using basic 10T with Al.

The most common use cases at the moment are 10T devices using Reactive Al and Memory-limited
Al.

In this document, microcontrollers from the company Espressif, especially ESP32 series were used.
ESP32 is an accessible and multi-purpose platform for loT applications.

In order to be able to use the power of the Intelligent Agents of Google and Amazon, we can used
intermediaries such as Adafruit.io, IFTT or Synrik Pro. These and other intermediaries offer a
variety of professional services that we can use depending on the goals of our projects.

However, in this example we will show how we can create our own 10T device using Memory-
limited type of Al, compatible directly with the voice assistant with embedded artificial intelligence
- Amazon’'s voice assistant - Alexa voice assistant.

For this purpose, it is necessary to have a hardware mockup, for example with a microcontroller
from the ESP32 series, with the help of which we can implement our Alexa compatible 10T device.

For this example, we will use our hardware scheme, shown below Fig. 1.

—— — P ———

Fig.1 Test hardware circuit

Implementation of the project

The hardware module consists of a microcontroller ESP32-Device Kit [2], five different colored
LEDs, five resistors limiting the current through the diodes to the appropriate level. All these
elements are mounted on a single solderless mini board. The LEDs are connected to a general
purpose GPIO. In the examples, the LEDs are used to indicate the control action resulting from the
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Al decision based on the data received from or intended for the 10T device. In a real situation, the
LED can be replaced with other executive devices - for example, with relays or a relay matrix, a
motor control unit, or others.

Before start, we need to make the following preparations:
1. To have Arduino IDE installed, latest version. [3]
2. To add and select in the IDE the board you are working with, in the case ESP32 DevKit.

3. To have included one of the above links in the "Additional URLSs field" in the board manager.
You can add multiple URLSs by separating them with commas. Fig.2

https://raw.githubusercontent.com/espressir/arduino-esp32/gh-
pages/package esp32 dev index.json

https://raw.githubusercontent.com/espressif/arduino-esp32/gh-pages/package esp32 index.json

Preferences x

Settings Network
Sketchbook location:
C:\arduing] Browse
Editor language: English (English) | (requires restart of Arduina)
Editor font size: 15
Interface scale: [] Automatic 00 =% (requires restart of Arduino)

Theme: Default theme ~  (requires restart of Arduino)
Show verbose output during: ] compilation [+]upload

Compiler wamings: All ~

[] Display line numbers [“]Enable Code Folding
[+] Verify code after upload ["Juse external editor
[#] Check for updates on startup [ 5ave when verifying or uploading

[[Juse accessibility features

Additional Boards Manager URFS: >32_index_json,https://dl.espressif.com/dl/package_esp32_index.json 1

C:\Users\User\AppData\Local\Arduino15\preferences.bd

OK Cancel

Fig.2 You can add multiple URLs by separating them with commas.

4. To add the library Espalexa [4] from Tools/Manage Libraries Fig. 3
Library Manager X

Type All ~| Topic All | espalexd|

Espalexa

by Christian Schwinne

Library to control an ESP module with the Alexa voice assistant Works with ESP8266 and ESP32
More info

Version 2.7.0 ~ | Install

Fig. 3 Arduino IDE Library manager

5. Create and load the code into your test hardware mockup.

When building the code, we define the libraries and connect to WiFi:
#ifdef ARDUINO_ARCH_ESP32

#include <WiFi.h>


https://raw.githubusercontent.com/espressir/arduino-esp32/gh-pages/package_esp32_dev_index.json
https://raw.githubusercontent.com/espressir/arduino-esp32/gh-pages/package_esp32_dev_index.json
https://raw.githubusercontent.com/espressif/arduino-esp32/gh-pages/package_esp32_index.json

Cnucanne Xaii Tek, Tom 6, No. 1 (2022), Arennust 3a Bucoku TexHonoruu
HiTech Journal, Vol. 6, No. 1 (2022), HiTech Agency

#else

#include <ESP8266WiFi.h>
#endif

#include <Espalexa.h>

define the devices — for example:
/I Define your devices here.
espalexa.addDevice("Device 1", firstLED_Channel); [Isimplest definition, default state off

espalexa.addDevice("Device 2", secondLED_Channel, 255); //third parameter is beginning
state from O to 255. (here fully on)

I/ Second way to define new device
device3 = new EspalexaDevice("Device 3", thirdLED_Channel);

/lyou can also create the Device objects yourself like here
espalexa.addDevice(device3);

//and then add them
device3->setValue(128);

/lthis allows you to e.g. update their state value from 0 to 255 at any time!
espalexa.begin();

And we use callback functions — for example:
void firstLED_Channel(uint8_t LED1_State) {
I/l You can do what you need to do here
/I Example for "light1"
Serial.print("Device 1 changed to "');
if (LED1_State) {
Serial.print("ON, LED1_State ");
Serial.printin(LED1_State);
digitalWrite(lightl, HIGH);
}
else {
Serial.printin("OFF");
digitalWrite(lightl, LOW);
}
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6. Will be need to create or have an account in Amazon.com. Fig.4

oding =UTFB&ncde=16225011011&pf rd_r=3Y8QF1J4932421SBE7MVARF rd_p=26cTe6ac-703e-4d0f.. B 12 v %p n.°‘ . H

= Al Today's De

Fig.4 Amazon’s main page

This is your general Amazon account for purchases and other activities.6. To have Alexa app
installed on your smartphone.

7. To have Alexa Echo Dot or compatible with Amazon Alexa Voice Assistant device Fig. 5. For
example:

Amazon Echo Dot 3, Alexa

Set Up the Amazon Echo Dot [5]

Note: Menus and figures may differ depending on whether you are using iOS or Android, which
version and type of your device.

Devices from the Amazon DOT series, such as the Alexa Amazon Dot 3 are smart enough, but |
still recommend that you read and follow the instructions provided by the manufacturer.

Typically, the setup goes like this: When you turn on the Echo and a blue light will appear, then it
will turn orange and Alexa will greet you and tell you how to complete the setup using the app.
Make sure you enable the Bluetooth on your smart device - phone or tablet.
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If Echo’s Alexa doesn’t prompt you for set-up, go to the App and select “Devices” in the lower

right corner. Then choose “Add Device” with either the plus sign in the top right corner or the More
menu (the three horizontal lines) in the lower right corner Fig. 6.

walll VIVACOM & 18:11

DEVICES

Echo & Alexa All Devices

Favourites

Angel's  Add
Ec...Dot  Ne...rite

Groups

Lounge Create a
* 8o O a =

Fig. “ces’ page in Iexa

Follow the prompts on the App to choose your device. For this example choice “Other” and next
“Discover Devices”.

Alexa Dot will usually detect the new devices and invite you to add them in app. When the devices
are added and ready Fig. 7, you will see something like this:

Al VIVACOM = 15:24

DEVICES

Echo & Alexa All Devices
Favourites Edit

Angel's Device 1 «Device 2
Ec...Dot

=

On Line On Line

Device 3 Add

@it Ne...rite

Groups

Lounge Create a
= o O

Fig. 7 When the devices are added and ready

You can view the status of each device from the "Menu" by selecting the appropriate device Fig.8

8
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il VIVACOM = we e IVVACOM = ® s W VIVACOM = 18230
@ + ¢ & +

Device is unresponsive Device is unresponsive

O o P_gxlllce 1

Tap to talk to Alex:
ABOUT

.s: Alexa Suggestions i Power is Off Connected Via

Angel's Echo Dot

) Description
e P ] Brightness Royal Philips Electronics smart device
- 0%

Picked from your recent visits

Type
Device 1 Device3  Echo [ ] Light
Colour Capabilities
, Make an Announcement None

Announce on your Alexa devices

Estimation

Amazon Music Unlimited,
€2.49/month + tax after t...

Auto-renews monthly until cancelled,

Create a Routine

® O o =

Fig.8 Status of each device from the "Menu"

Device parameters are usually predefined in the source code. For example for “Device 17:
/I Define your devices here.

espalexa.addDevice("Device 1", firstLED_Channel); // default state off

8. Set up WiFi

For your Alexa DOT device to work properly, you need to choose the right Wi-Fi network and
enter a password to this Wi-Fi. You can do this by selecting the Alexa Echo Dot device and entering
the same network and password that your smart loT devices are connected to.

9. Give room name
You can also select a room where your Echo Dot is located and give that room a name.

Now you can control your devices through the Alexa app, either with voice commands to the Alexa
Dot or through the voice assistant in the Alexa app on your smartphone.

Sample commands”

,,Alexa, turn on Device 1
“Alexa, turn off Device 1”
“Alexa, tell me if Device 1 is on”

You can try other commands. For more commands, search and read Amazon Alexa commands.

Conclusions
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The article proposed a way to create your own 10T device using the capabilities of the intelligent
voice assistant Alexa with artificial intelligence. This approach allows us to develop smart 10T
without

limitation in the field of application, according to its own design and designed to solve specific
tasks. The wide distribution and availability of hardware components, as well as the constant
improvement of their parameters at an affordable price, gives us the opportunity to solve a wide
range of control and regulation problems and tasks.
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