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DEVELOPMENT AND APPLICATION OF THE KEIiT TRAINING STAND FOR PROGRAMMING
ESP32 MICROCONTROLLERS IN PYTHON IN ENGINEERING EDUCATION

Abstract: This paper presents a tutorial on programming the ESP32 microcontroller using MicroPython
firmware and the Thonny development environment on the KEIT (Knowledge ESP32 Integration Trainer)
training rig. The designed and manufactured rig, its operating principles, and a schematic diagram and printed
circuit board (PCB) are provided. The MicroPython programming curriculum includes 12 lab sessions, ranging
from basic GPIO control (LEDs, buttons, and buzzer) to integration with cloud services via the MQTT protocol.
Sequentially completing the tasks allows students to master the fundamentals of working with digital and
analog interfaces, learn to interact with sensors, displays, and actuators, and become familiar with the
networking capabilities of the ESP32. Particular attention is paid to practical aspects, such as button debounce,
working with interrupts, generating PWM signals, and measuring time intervals. The authors also present the
specialized control software «KEIT Master Control», which complements the entire hardware and software
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system and reinforces the theoretical foundations of microcontroller programming in MicroPython. The final
lessons focus on creating a simple web server on the ESP32 and exchanging data via an MQTT broker,
providing students with a basic understanding of the principles of the Internet of Things. The course concludes
with mini-projects («smart room», «parking assistant», and «Wi-Fi weather station») that integrate the
technologies covered and demonstrate the potential of the ESP32 for automation and smart home systems.
The curriculum can be used in universities and colleges for students majoring in Information Technology,
Automation, Mechatronics and Radioelectronics.

Key words: ESP32, MicroPython, KEIiT (Knowledge ESP32 Integration Trainer), Thonny IDE, Internet
of Things (loT).

Introduction

The modern development of digital technologies and the Internet of Things (loT) requires
training specialists capable of working with microcontrollers and embedded systems. Traditionally,
microcontroller programming was conducted in assembly languages or C/C++, which provided high
efficiency and low-level control, but required significant knowledge of processor architecture,
registers, and memory management. For beginners, this entry barrier is often too high. In recent
years, many countries, including Kazakhstan, have increasingly prioritized Python in educational
programs. This is due to its simplicity, readability, and widespread popularity among students and
young professionals. Using MicroPython in microcontrollers, such as the ESP32, allows us to extend
the familiar Python syntax to embedded systems while maintaining access to key hardware
capabilities-digital pins, I°C, SPI, and UART interfaces, sensor support, and network connectivity [1,
2]. This approach has the following key advantages:

— lower entry barrier: students don't need in-depth knowledge of microcontroller architecture
or low-level programming languages to begin controlling devices;

— a unified educational ecosystem: Python is used in data analysis, machine learning, and
automation. The ability to control the system with MicroPython makes it possible to apply acquired
knowledge to digital electronics.

Thus, using Python and MicroPython to teach microcontrollers in the classroom allows for a
more accessible and modern educational process [3-5]. This helps prepare specialists prepared to
work with smart home, 10T, and digital automation technologies, and increases the attractiveness of
engineering and IT fields among students.

Materials and methods

Hardware architecture of the KEIT training system. The ESP32 microcontroller was
selected as the computing core of the KEIT training system due to its comprehensive technical and
functional characteristics. This microcontroller is equipped with integrated Wi-Fi and Bluetooth
wireless modules, allowing it to be used for studying network technologies and loT systems without
the need for external communication modules. Furthermore, the ESP32 boasts a high clock rate and
sufficient RAM and flash memory, enabling the implementation of both simple training examples and
more complex applied tasks. A significant factor in this choice was official support for MicroPython
firmware, enabling the use of the high-level Python programming language when working with the
microcontroller's hardware [6]. The widespread use and availability of the ESP32 make it a suitable
solution for widespread use in educational institutions.

The KEIT training system's hardware is complemented by a set of peripheral modules that
support laboratory and practical exercises of varying complexity. The setup includes a 2004-format
liquid crystal display connected via an I?C interface and designed to display text and service
information. A DHT11 temperature and humidity sensor [7, 8] is used to study the principles of
operating environmental sensors. The setup also incorporates actuators such as LEDs, a buzzer,
and controlled loads, enabling the development of digital output control methods and pulse-width
modulation (PWM) signal generation. Standard UART and I?C interfaces enable the study of data
exchange protocols and the organization of microcontroller interaction with external devices,
including a personal computer. Figure 1 shows the setup's printed circuit board.

When designing the setup, special attention was paid to the power supply system and
protection of its components. The design and circuitry are aimed at reducing the risk of component
damage due to improper connections or errors during laboratory work. This ensures safe operation
of the setup in classrooms and allows it to be used for teaching students of various skill levels,
including beginners.
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Figure 1 — Layout of the printed circuit board of the training stand

Microcontroller Software Implementation. The KEIT training rig's software implementation
is based on MicroPython firmware, an interpreted runtime environment for microcontrollers.
MicroPython was chosen due to its ability to quickly load and modify program code without the need
for time-consuming compilation and reflashing of the device, significantly accelerating the training
and debugging process. Sample programs for the rig provide programmatic access to all the main
hardware resources of the ESP32 microcontroller, including digital and analog inputs and outputs,
pulse-width modulation modules, timers, and hardware interrupts. The use of standard MicroPython
libraries provides a unified and intuitive syntax for controlling peripheral devices, which is especially
important when training students and novice developers [9]. During laboratory work, students gain
practical skills in working with buttons, LEDs, actuators, and sensors, and also learn methods for
contact debounce and measuring time intervals. A key feature of the setup's software
implementation is support for the microcontroller's communication interfaces and network
capabilities. The software supports UART and I?C interfaces, enabling data exchange with a
personal computer and peripheral modules. For remote monitoring, the setup utilizes a built-in web
server, displaying current device parameters and status in real time via a standard web browser.
This mechanism clearly demonstrates the principles of building network applications and device
interaction within the Internet of Things (loT) concept [10, 11].

A UART interface is used to communicate between the microcontroller and the control software
on the personal computer. The microcontroller's software and circuit architecture is modular,
simplifying the expansion of the setup's functionality and enabling its use as a basic platform for
custom and project-based tasks.

KEIT Master Control Control Software. To expand the functionality of the KEIT training
system and ensure convenient user interaction with the hardware, specialized control software, KEIT
Master Control (Figure 2), was developed for use on a personal computer. This software acts as a
link between the ESP32 microcontroller and the user, providing data visualization, control of
actuators, and monitoring of the system's operation during laboratory and practical exercises [12].
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PureBasic was chosen as the control software development environment due to its high
performance, compact size, and the ability to create cross-platform desktop applications. Using
PureBasic allows for the creation of executable files that are compact and require no additional
libraries or dependencies, which is especially important when using software in classrooms and
computer labs. Furthermore, this environment provides convenient tools for working with serial
interfaces and a graphical user interface.

The KEIT Master Control software provides visual monitoring of parameters received from the
microcontroller, including data from temperature and humidity sensors, as well as the status of the
test bench's actuators. Through the graphical interface, the user can interactively control the device's
operating modes, change pulse-width modulation parameters, turn loads on and off, and send
control commands via the UART interface. This approach allows for a clear demonstration of the
principles of data exchange between the system's software and hardware components.

To enhance information security and prevent the use of unauthorized equipment, the software
implements a hardware identification system. Access to the test bench's control functions is based
on verification of unique device data, which creates a list of authorized hardware identifiers
(WhiteList). This mechanism allows the test bench to be used in training and examination modes
and reduces the risk of incorrect connection of third-party devices.

An additional feature of the software is integration with the microcontroller's web interfaces.
The KEIT Master Control software includes a built-in browser that displays graphs and data
generated by the ESP32's built-in web server. This allows for the unification of local control and
network monitoring within a single software environment, helping students develop a holistic
understanding of the interaction between desktop and embedded applications.

These features demonstrate that the KEIT Master Control software complements the KEIT
hardware and software, enhances the clarity of the learning process, and expands the range of
educational tasks, including the study of data exchange protocols, human-machine interface
principles, and the fundamentals of information security in automation systems.

Methodological Value and Application Scenarios. The KEIT training rig offers high
methodological value and focuses on a practice-oriented approach to teaching microcontroller and
embedded systems programming. The rig's architecture and the MicroPython software platform
allow for a step-by-step learning process, starting with basic digital input and output control
operations and gradually moving on to more complex tasks related to data processing, networking,
and integration into loT systems.

The KEIT training course includes a series of lab exercises covering key aspects of
microcontroller systems. Initially, students learn to control LEDs, buttons, and a buzzer, as well as
the principles of timers and pulse-width modulation. Subsequent stages focus on working with
sensors, signal processing, and displaying information on an LCD display, which develops students'
understanding of the interaction between software code and physical processes [13-15].

The networking capabilities of the ESP32 microcontroller play a key role in the learning
process. Using built-in wireless modules, students can explore issues of scanning Wi-Fi networks,
establishing network connections, and transmitting data via various protocols. Implementing an
embedded web server and messaging via an MQTT broker clearly demonstrates the principles of
building distributed systems and provides students with a basic understanding of the Internet of
Things [16-18]. Using scanning Wi-Fi networks as an example, we will explain the process as follows.

import network

import binascii

# NHnumnanmnsauma Wi-Fi nutepderica B pexxume ctaHuum (KNneHTa)

wlan = network. WLAN(network.STA_IF)

wlan.active(True)

print("CkaHnpoBaHue AOCTYNHbIX ceTen...")

# BbINnonHeHve ckaHMpOoBaHNUS

# BosBpawaeT cnmcok kopTexein: (ssid, bssid, channel, RSSI, authmode, hidden)

networks = wlan.scan()

print(f"HanaeHo ceten: {len(networks)}\n")

print(f"{'SSID":<25} {'BSSID".<20} {{Kanan":<10} {'RSSI":<10}")

print("-" * 65)

for net in networks:
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ssid = net[0].decode('utf-8") if net[0] else "Hidden SSID"
bssid = binascii.hexlify(net[1]).decode()

channel = net[2]

rssi = net[3]

print(f'{ssid:<25} {bssid:<20} {channel:<10} {rssi:<10}")

MicroPython uses the basic network module to work with wireless interfaces. The process of
obtaining a list of available access points can be divided into three key stages: initialization,
activation, and data processing. When preparing a network interface, the ESP32 microcontroller can
operate in several modes. In this case, Station mode (STA_IF) is used for scanning, in which the
device acts as a client.

wlan = network. WLAN(network.STA_IF) # Co3gaHne obbekta nitepdenica
wlan.active(True) # NporpamMmmHoe BKOYEHME pagnomoayns

Activating the module (active(True)) supplies power to the Wi-Fi chip. It's important to
remember that an enabled radio module significantly increases the device's power consumption,
which is critical when developing standalone 10T sensors.

The wlan.scan() method causes the controller to sequentially switch between radio channels
and listen for beacon frames from access points. The function returns a list of tuples. Each tuple
contains technical information about the detected network. Particular attention should be paid to the
RSSI (Received Signal Strength Indicator) parameter during training-this value is measured in
decibel-milliwatts ($dBm$). Data received from the module is received in raw form (bytes), which
requires conversion for display to the user. The data is listed in Table 1.

Table 1 — Data received from the module

Parameter Description Data Type in MicroPython
SSID Access point name bytes (requires decode())
Channel Radio channel ($1-13%)int
RSSI Signal strength int (negative number)
Authmode Security protocol int (constant 0-5)
BSSID Physical address (MAC) of the access point | Converted to hexadecimal for readability

The final stage of training consists of mini-projects focused on integrating previously learned
technologies and programming methods. By completing projects such as a «smart roomy», «parking
assistant», or «Wi-Fi weather station», students consolidate their skills with hardware interfaces,
network protocols, and user interfaces, and gain experience designing complete application
systems. Compared to traditional Arduino-compatible platforms, the KEIT platform facilitates faster
learning through the use of the Python language and a unified educational ecosystem. This lowers
the entry barrier to the subject, increases student motivation, and fosters sustainable practical
competencies in demand in the modern fields of automation, digital electronics, and the loT.

Conclusion. The KEIT training system's methodological value lies in its practice-oriented
approach, allowing students to progress from basic I/O port control to the creation of complex
distributed systems. Using MicroPython in combination with the ESP32 architecture significantly
lowers the learning curve, allowing students to focus on algorithmic logic and interface principles
rather than low-level compilation complexities.

Key educational outcomes of the program:

— Mastering hardware interfaces: Students gain solid skills in working with digital and analog
signals, PWM, interrupts, and communication protocols (12C, UART).

— Learning networking technologies and loT: Using the integrated Wi-Fi module, students
practice working with a wireless network:

1. Initialization: Activating the radio module in client mode (STA_IF).

2. Scanning: Analyzing the airwaves and obtaining access point parameters, including signal
strength (RSSI, measured in dBmd).

3. Interaction: Implementing web servers and exchanging data via the MQTT protocol.
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— System Integration: Final mini-projects, such as «Smart Room», «Parking Assistant», and
«Wi-Fi Weather Stationy», allow students to combine disparate knowledge into a single application
system.

The KEIT booth is a ready-made educational ecosystem that provides a faster learning curve
than traditional Arduino platforms. This helps students develop relevant competencies in automation,
digital electronics, and the Internet of Things, which are in demand in today's labor market.
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MHXEHEPJIK BINIM BEPYAE PYTHON TINIHAE ESP32 MUKPOKOHTPOJIJEPNEPIH
BAFOAPJIAMANAYFA APHAINFAH KEIT OKY-XKATTbIFY CTEHAIH 93IPJIEY XXOHE KONOAHY

XKymbicma KEIT (Knowledge ESP32 Integration Trainer) oky-xxammbiry cmeHOiHOe MICROPYTHON
mukpobardapriamachiH xoHe Thonny a3iprney opmackiH natdanaHa omsipbirl, ESP32 MUKpOKOHMponnepiH
bardapriamariayObl OKblmy MPOUECH YCbiHbIIFaH. ©3iprIeH2eH XoHe OHOIpinaeH cmeHO MeH XYMbIC MPUHYUNi
mosbikmal cunammarfaH XeHe 3J1IEKmMP cxemachl MeH rriamacs! bepineeH. MicroPython bardapnamanayobi
oKbImy xocnapbl Heeidai GPIO 6ackapydaH (xapbikOuoOmbsl wamdap, myumesnep, 6y3zep) bacman MQTT
pomMoKosbl apkblibl bynmmeiK Keiamemmepae bipikmipyze OeliHai 12 3epmxaHarnblk cabakmbl Kammuobl.
Tancsipmanapdel Gatiekmi opbiHOay cmydeHmmepae caHObIK XoHe aHarioembiK UHMepghelicmepMeH XyMbIC
icmey Hezi3depiH MeHzepyeae, ceHcoprnapMeH, OucrnelnepmMmeH XoHe amkKapywb! KypbinifbliapMeH e3apa
apekemmecydi ylipeHyze xoHe ESP32 xeninik MyMKiHOIKmMepiMeH maHbicyra MyMKiHOIK 6epedi.
lMpakmukanbiK acnekminepae epekwe Ha3ap aydapbinadbi: mylumenepdi b6ypyra kapchbl, y3imicmepmeH
XKymbic, PWM cueHandapbiH 2eHepayusnay, yakbim apanbikmapbiH enwey. CoHOal-ak, asmopriap a3iprie2eH
«KEIT master Control» apHatbi 6ackapy bardaprnamaribiK )XacakKmamachl YCbiHblFaH, 01 OyKin annapammaik-
barOapriamarbik KelWeHHIH KocbiMwa 6ybiHbl 60s1bin mabbinadsl xaHe MicroPython-0a mukpokoHmposinepoi
bardapnamarnay Hezi30epiHiH meopusinbik 0amybiH 6ekimedi. AskmanambiH cabakmap ESP32-0e kapanalibiv
seb-cepsep Kypyra xoHe MQTT b6pokepi apKbinbl ManiiMemmep anMacyra apHasFaH, byn cmydeHmmepoe
3ammap UHMePHeMIHIH NPUHUUNMepPi myparsnbl Heeidai myciHikmi Kanbinmacmeipadbl. YCbIHbFaH KypcC
ylipeHeeH mexHonoausinapdbi bipikmipemiH xoHe agmomammaHObIpy xylienepi meH cmapm yu ywiH ESP32
KoridaHy MyMKIHOIKMepIiH KepcememiH warbiH xobanapmeH («akbindbi benme», «mypak kemekwici», « Wi-Fi
mMemeocmaHuyusicbl») asikmanadbl. OKy xocrapbiH Xofapbl OKy OpbIHOapbl MeH Kosinedxoepde
«AKrnapammbiK mexHosnoeusnapy, «AemomammaHObipy», «MexampoHuka» xoHe «PaduosanekmpoHukay
barbimmapbiHOarbi cmydeHmmepOi oOKbimy KesiHOe natidanaHyra 6051adsbi.

Tyiin ce3dep: ESP32, MicroPython, KEIT (knowledge ESP32 integration Trainer), Thonny ide,
3ammap uHmepHemi (10T).
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PA3PABOTKA U NPUMEHEHMUE YYEBHO-TPEHUPOBOYHOI'O CTEHAA KEIT A5A
NMPOrPAMMUPOBAHUA MUKPOKOHTPOJINIEPOB ESP32 HA A3bIKE PYTHON
B MHXXEHEPHOM OBPA30OBAHUA

B pabome npedcmaerneH npouecc obydyeHUs rpospamMMupo8aHu0 MUKpokoHmporsnepa ESP32 c¢
ucrnionb3osaHuem ripowusku MicroPython u cpedbl paspabomku Thonny Ha y4ebHO-mpeHUPO8OYHOM cmeHde
KEIT (Knowledge ESP32 Integration Trainer). [1odpobHo onucaH paspabomaHHbIl U U320mOo8J1eHHbIU CMeHO
u npuHyun pabomel U npusedeHbl MPUHYUNUaabHas afeKmpuyYyeckasi cxema u nevyamHas nnaama. [lnaH
obyyeHusi no npoepammuposaHuto 8 MicroPython eknodaem 12 nabopamopHbIx 3aHsimul, HaquHasi C
6as308020 ynipasnerHusi GPIO (ceemoduodbl, KHOMKU, by33ep) u 3akaH4yueass uHmezpayuel 8 obrayHble
cepsucbl o npomokony MQTT. [llocnedosamernbHOE 8bINONHEHUE 3adaHul o3eosisem cmyOeHmam
oceoumb  OCHO8blI pabombl C YughpoBbIMU U  aHas/o208biIMU  UHMepghelicamu,  Hay4Yumsbcsl
e83aumodelicmeogamb ¢ Oamuyukamu, OucrnnesMuU U UCIHOIHUMENbHbIMU ycmpolicmeamu, a makxe
o3HaKoOMUmMbCsi ¢ cemesbiMu 803MOxHocmsamu ESP32. Ocoboe eHuMmaHue yderieHO mnpakmuyeckum
acniekmam: aHmudpebese KHorok, paboma c npepbigaHusIMU, 2eHepayusi LLUWM-cuesHanos, usmepeHue
8peMeHHbIX UHmepesarsnos. Takxe npedcmasneHa paspabomaHHass asmopamu crieyuasnbHoe yrpasnsoujee
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npoepammHoe obecrnieyeHue «KEIT Master Control», komopoe sensiemcs OOMOIHSIOWUM 38€HOM 8Ce20
annapammHo-rpo2pamMMHO20  KOMMJIeKca U 3aKpenisiowul  meopemuyeckoe  OCB0EHUe  OCHO8
rpozpamMmuposaHusi MUKpokoHmporsnepa e MicroPython. 3asepwarowue 3aHamusi NocesauweHbl co30aHuro
rnpocmoeo eeb-cepsepa Ha ESP32 u obmeHy daHHbIMU Yepe3 MQTT-6pokep, 4ymo chopmupyem y cmydeHmos
6a3zogoe rnoHumaHue npuHyunos WViHmepHema eeujel. [lpednoxeHHbIU Kypc 3asepwaemcss MUHU-
npoekmamu («yMHasi KOMHamay, «rnapKo80OYHbIU nomowHuk», «Wi-Fi memeocmaHyusi»), Komopsble
UHMeapupyrom Uu3y4eHHble mexHonoauu U AeMOHCMPUPYOM 803MOXHOCMU rnpumeHeHus ESP32 odns
cucmeM asmomamu3ayuu u ymMHo20 oma. Y4ebHblIl ninaH Moxem Ucronnb308ambcs 8 8y3ax U Kosnedxax
npu obydyeHuu cmydeHmoe HarnpasneHuli «MHEOPMayUOHHbIE MexXHOooauuy, «Asmomamu3sayusi,
«MexampoHuka» u «PaduoanieKmpoHUKa».

Knroyesnie cnosa: ESP32, MicroPython, KEIT (Knowledge ESP32 Integration Trainer), Thonny IDE,
UHmepHem seuwiel (10T).
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