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This article is the development of communication between the ESP32 and the Arduino, using the
system of correction of logical level and tension. One is about simple an electronic solution so
that it has communication in a duplex way between the cited equipment, without causing damages
between the plates and making possible that the Arduino is used natively together with its sensors
and without losing the rich possibilities of also using the ESP32 with its interfaces Wi-Fi and
Bluetooth. For the development, beyond the ESP32- Wroom and the Arduino Nano, they had also

been used level shifter, for the intermediation of the communication between the ESP32 and the
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INTRODUCTION

The Arduino prototyping platform was designed in Italy in
2005 to enable an integrated architecture that brings many
advantages when compared to other existing platforms on the
market, the largest of which is the ease of use and according to
(McRoberts, 2018), it allows people who are not from
technical areas can learn the basics to create their electronics
projects in a relatively short period.The IoT prototype
developer community has frequently used so-called “Single
Board Computers” or Microcontrollers, which is the integrated
hardware and software solution to collect sensor data in
different areas of knowledge, such as sensors electric current,
water flow, thermal, among others (De Oliveira et al. 2017)
(Noraini Azmi et al. 2018).Due to a huge community spread
around the world that, professionally or not, use Arduino and
share projects and prototypes in addition to source codes for
different applications for this platform, Arduino has gained a
lot of visibility. This popularity has generated a very intense
market niche for very low-cost accessories for it, from LED

lamps to highly complex sensors. Sometime later, other
platforms emerged with the same purpose as Arduino, such as
Espressif ESP8266, a platform of Chinese origin and superior
to Arduino with 10 times the processing speed and access to
Wi-Fi already integrated. The new solutions as an example of
ESP8266 have enabled the advent of the long-awaited
connectivity of things called IoT - Internet Of Things (Yu et.
al, 2020) (Barbon et. al, 2016). According to (Oliveira, 2017),
these new platforms allow direct access to the Internet using
low energy consumption rates and low coding complexity.
According to (Wortmann, 2015), it is almost impossible not to
come across the term IoT. The world today has seen a
tremendous increase in interest on the Internet of Things.
Companies began to introduce several loT-based products and
services. In essence, innovation on the Internet of Things is
characterized by the combination of physical and digital
components to create new products and enable new business
models. Thanks to increasingly efficient energy management,
broadband communication, reliable memory, and advances in
microprocessor technologies, it has become possible to digitize
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the functions and key features of products from the industrial
era.With the popularity of tools for Arduino, Espressif Systems
designed its platform to bring almost total compatibility
between ESP and Arduino making countless low-cost sensors
and peripheral boards originally developed for Arduino work,
both at the hardware level and software, on ESP platform. This
has made ESP very attractive for those who already used
Arduino and with the advantages of having native
communication with Wi-Fi, which is not found in Arduino's.
Automatically, for decades, automation has been part of the
daily life of human beings, whether helping their profession,
locomotion, entertainment, or comfort. Currently, there are old
solutions that partially solve our new problems, and that with
small adjustments can enhance and bring complete solutions.
The development of communication between the two
microcontrollers, Arduino and ESP32, becomes important
mainly in the existence of already developed projects that have
to upgrade needs to improve, adapt or customize their
application, bringing improvements such as Internet
connectivity, low cost, speed and efficiency.

With this in mind, this work deals with the development of a
simple electronic solution so that there is communication in
duplex mode between the equipment, avoiding an overload
between the microcontrollers without losing its numerous
functionalities, such as Arduino with its sensors and ESP with
its interfaces Wi-Fi and Bluetooth. For intermediating the
communication between the microcontrollers, the level shifter
and the 12C protocol were used for the interaction between
them.

Resources Used

In addition to the Arduino and ESP32 microcontrollers, a
voltage level correction circuit, level shifter, was used, with
the possibility of transmission in both directions, bringing the
feasibility of hardware connection between the different
platforms through the software communication protocol. 12C
which is Inter-Integrated Circuit.The level shifter is a hardware
used to perform conversions between voltages from a lower
voltage range to a higher voltage range and vice versa. The
circuit in question has interconnected transistors implemented
as main devices operable within the main voltage range
(Huang et al. 2015). A level shifter device converts one
voltage level to another. Voltage level changes are used to
interface between several circuit blocks that operate with
different supply voltages (Gosatwar and Ghodeswar,
2015).12C is a serial bus protocol created by Philips, the 12C
bus is popular because it is simple to use. It is used to allow
the fastest device to communicate with slower devices without
data loss. The 12C bus controller interfaces with the master and
slave devices (Kumari and Gayathri, 2017).The functioning of
the 12C Protocol is basically the interaction between elements
following a master / slave hierarchy. Second (Nguyen and
Dugenske, 2018), the device performing the master function,
has the ability to send and request information from the device
performing the slave function in the communication structure,
where they answer the aforementioned requests.

Development of the Solution

To resolve the communication between the two devices, a
level shifter voltage leveling circuit was used, for the union
between the ESP32 and Arduino platforms, and the 12C
communication protocol to send commands between them.

The level shifter has the first and second power connections
3.3V and 5V connected in the voltage ranges that supply
power to the different platforms, namely, 5 volts on Arduino
and 3.3 volts on ESP32. A core voltage fixing element,
implemented in the 2N7000 transistor, has a limit voltage
greater than or equal to the difference between the 3.3 signal
and 5V signal voltage range and the main voltage range is
configured to avoid overloading the transistors with voltages
beyond the core voltage range. The input for the level shifter
must be within the voltage range of the core. The output signal
of the level shifter has a high level in the high voltage of the
voltage range of 3.3V and 5V and a low level in approximately
a threshold voltage above the low voltage level of the core
voltage range (Inoue et al. 2017).

LEVEL SHIFTER

2N7000 v Signal

Figure 1 (a): Level shifter board - Figurel(b): Basic layout

In short, the 3.3V (Low Voltage) and 5V (High Voltage)
connections are used to connect the supply voltages of the
ESP32 and Arduino platforms respectively. The 5V Signal and
3.3V Signal connections are used to connect the 12C
communication ports of both microcontrollers. This makes it
possible for the level shifter circuit to identify input voltages
and switch output voltages in both directions.The
communication scheme between Arduino and ESP32 consists
of using the 12C communication protocol, which describes the
operation of a serial communication bus that uses only two
wires. As a result of the reduced amount of wires for
communication, the number of pins used by the elements is
also reduced, in addition to promoting a greater organization of
the set when we have many devices interacting with each
other, (Kumari, et al. 2017). The protocol in question also
enables the communicability between several devices, since it
works with the logical addressing paradigm between them.At
12C, data travels through the Serial Data (SDA) and Clock
Serial (SCL) ports, with SCL being the port that sends clock
synchronize pulses and SDA the port that effectively travels
with data in both directions.
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Figure 2: Communication and transmission of the 12C protocol

The vast majority of modern prototyping platforms such as
Arduino and ESP32 have native support for communication
through the I2C protocol. In the Arduino model Nano, the
communication pins reserved for the 12C protocol are A4 and
A5, being the first responsible for the data transmission and
the second for the clock synchronize pulses. Similarly, in
ESP32, where the pins responsible for this communication are
2 and 15, with pin 15 being responsible for data transmission.
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Circuit Assembly: The communication between Arduino and
ESP32 would happen naturally when connecting pins A4
(Arduino) to 15 (ESP32) and A5 (Arduino) to 2 (ESP32), but
this connection is made impossible by the different voltage
bands between the platforms, namely, 5 volts on Arduino and
3.3 volts on ESP32. As previously mentioned, it is necessary
to use an intermediate circuit to match the communication
between both platforms.

Figure 3 shows the basic circuit assembly demonstration.
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i Level
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Figure 3. Demonstration of the circuit assembly.

12C communication takes place digitally, ensuring only two
logic voltage levels as shown in table 1 below.

Table 1. Logical voltage levels on the platforms used

Arduino ESP32
Lowlevel High Level Lowlevel High Level
0 Volts /Low 5 Volts/High 0 Volts/Low 3.3 Volts / High

Implementation of the Solution

There are cases of prototypes with legacy systems, where they
do not have access to the internet and need to communicate
with the outside world, making an upgrade necessary. For
example, a prototype contains the Arduino microcontroller, but
external communication needs to be carried out, in these cases,
it is necessary to use another microcontroller for internet
communication, we denote the ESP32, which has Wi-Fi and
Bluetooth  interfaces. = For  communication  between
microcontrollers, it is necessary to use the level shifter in the
voltage range and filtering of the logic level, because they
work in different ranges, both in the logical level and in the
voltage range.The use of the approached circuit model would
fit, for example, in the use of sensing that may overburden the
microcontroller used. Typical occurrences would be
programmatic approaches that use a large processing flow or
even interruptions by hardware, which, in the latter case, could
bring instability in the attention span of the microcontroller to
other processes. This would, of course, require the use of more
than one control module. The example in figure 4 illustrates
the prototyping of the hardware communication development,
using a logic and voltage level correction system.

+3V3

Figure 4. Scheme and prototyping of the proposed solution

This solution has as main functionality, avoiding overload and
instability in the microcontroller when using some sensors,
where they use the microcontrollers to the maximum, making
it necessary to pay greater attention to the hardware, for
example, in the use of a water flow sensor that requires

attention of the microcontroller through hardware
interruptions.When using a sensor where it interrupts the
Arduino with the pulses to capture the data, the Arduino, in
addition to receiving the data captured from the sensor, is
responsible for carrying out the necessary data processing and
calculations, making it essential to use another microcontroller
for avoid instability and incorrect data capture, where the
ESP32 will be responsible for connectivity to the internet, that
is, the Arduino captures the sensor data, passes it through the
ESP32 where it will transmit this data to the internet, thus
making the Internet of Things communication. In this example,
the ESP32 microcontroller would be more available for
attention to continuous communication with the internet.
Other applications and/or sensors that need more than one
platform, need more attention from the microcontroller,
because they use larger processing or work in a redundant
way, making it necessary to use one more microcontroller,
since they communicate with each other.As the data collection
is performed through a single microcontroller, the other
microcontroller may be responsible for other tasks, such as the
communication of data with the external environment. The
model also has the benefit of the sensor working natively with
its microcontroller, namely the Arduino.

Conclusion

In this work, an important solution was presented for
communication between ESP32 and Arduino platforms, using
a logic level and voltage correction system, avoiding an
overload between microcontrollers without losing its numerous
functionalities, such as Arduino with its sensors and ESP with
its Wi-Fi interfaces and Bluetooth.This communication
solution between these microcontrollers becomes very useful,
mainly in the existence of projects already developed with the
ESP32 or with the Arduino, where it is necessary to use more
digital ports and/or analog inputs to perform the upgrade of
your application, bringing improvements such as Internet
connectivity, low cost, speed and efficiency.The method
covered in this article is essential for the system to bring all the
possibilities listed. The presented approach can still be useful
in countless cases and situations, such as corrections of logic
level and/or voltage range between countless models of
microcontrollers, bringing possibilities of applications of low
financial cost, high capacity of connectivity and in data
processing.
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