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ABSTRACT The stepper motor is a unit of a control system to achieve the goal of convenient use and precise control, which greatly
facilitates our life and improves the level of the modern high-tech industry. In particular, multiple stepper motors may be joined in a
system and work together with a remote-control program, which greatly improves the flexibility and applicability of the equipment.
In real life, multiple stepper motors are used together more often. For example, a 3D printer, using three stepping motors at the
same time, the x-axis, the y-axis, and the z-axis, can determine the left side of the space and accurately print the 3D three-
dimensional object we need. By adding a remote-control system, we can control the movement of the motor in real time
and can replace humans to complete complex and high-precision work. For example, endoscopes are often used in
medicine, when the endoscope needs to make micro adjustments in position, we can use remote control to make real-
time adjustments. The project of using ESP32 to control multiple stepper motors and uses python language to write programs
based on microPython firmware to realize remote control of multiple stepper motors is introduced. The speed and direction of the
stepper motor can be adjusted and controlled by pulse signals. The clock system of ESP32 can generate pulse signal PWM, ESP32
comes with a WiFi module, which can support remote control. The speed of the stepper motor can be adjusted by adjusting the duty
cycle of the PWM by the program. Combined with ESP32 products, the performance of this designed product can be stable and
reliable. The clock system of ESP32 has multiple timers and with their use with the interrupt system, multiple stepper motors can be
efficiently controlled simultaneously. And the WiFi module of ESP32 can realize remote control easily and conveniently. According
to the principle of the stepping motor, the half-step control, and full-step control are realized. Additionally, a micro step mode with
PWM signal with cosine function is designed to control the stepper motor. A user-friendly web application has been developed to
control the system of four motors, allowing you to remotely control a four-engine system in a simple and convenient way
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CUCTEMA JJUCTAHIIMHOT'O KEPYBAHHS KPOKOBUM JIBUT'YHOM HA BA3I
IIJIATHU PO3POBHUKA ESP32

Y. CIOAHb, €.B. BEPBHIIbKUH

Kageopa enexmponnux npucmpois ma cucmem, gpaxynomem enexmpouiku, Hayionanonuii mexniunuii ynisepcumem Yxpainu
«Kuiscokuii norimexniynuti incmumym im. leopsa Cikopcvkozon Kuis, VKPAIHA

AHOTALIA Kpokosuii 0sucyn — ye 010K cucmemu ynpaeninHs Ol OOCACHEHHs Memu 3PYYHO20 GUKOPUCIAHHS Md MOYHO20
KEPYBAHHA, WO 3HAYHO NONE2ULYE HAWle HCUMMS Ma NIOBUWYE PIBEHb CYYACHOT 8UCOKOMEXHONO02IYHOI npomuciogocmi. 30kpema,
KIIbKA KPOKOBUX OBUSYHIE MOXNCYMb OYymu 00 '€OHaHi 6 cucmemy i npayroeamu pasom 3 UKOPUCTNAHHAM NPOSPAMU OUCTHAHYITIHO2O
KepyBamHs, WO 3HAYHO NOKPAWYE SHYYKICb MA 3ACHMOCOGHICHb 0ONAOHAHHA. Y peanbHomy dcummi KilbKa KPOKOBUX OBUYHIG
BUKOPUCIOBYIOMbCS. pa3om acmiwe. Hanpuknao, 3D-npunmep, uKopucmosgyouu 00OHOYACHO Mpu KPOKOSI OBUSYHU, BICb X, GiCb Y
ma Gicv z, MOJiCe GUSHAYUMU TIGY YACMUHY NPOCMOPY Ma MOYHO HAOPYKY8amu RompiOHuil Ham mpueumipHui o0 'ekm. Jooaswu
cucmemy oucmanyiiino2o xepyeéanns no WiFi moocna kepysamu pyxom O06USYHA 68 PedNCUMi PeanbHO20 HACY MA HOGHICMIO
asmomamuszysamu npoyec. Hanpuknao, eHoockonu, aKi 4acmo eUKOPUCMOSYIOMbCs 8 MEOUYUHI, KOIU eHOOCKONY NompibHO eHecmu
MIKDOKOPUSYBANHS 8 NOJONCEHHS, MU MONCEMO BUKOPUCTOBYBAMU OUCIAHYIlIHE KepYS8aHH: Ol BHeCEHHS 3MIH Y PEXCUMI PealbHO20
uacy. Ilpeocmasneno npoexm euxopucmanns ESP32 Ona kepysamms KilbKoma KpOKOGUMU OBUSYHAMU MA BUKOPUCHOBYE MO8Y
Python ona nanucamna npoepam Ha OCHO8I MIKpONpocpamHozo 3abesneuenns microPython ons peanizayii 8iodanenoeo KepyeaHHs
KibKoMa Kpokosumu osucyHamu. LIIeuoxicme i HANPAMOK KPOKOBO2O OBUSYHA MOJICHA De2yntosamu i Kepyeamu 3a 00noMo2oio
imnynecuux cuenanie. Cucmema eoounnuxa ESP32 mooce eenepysamu imnynvcnuii cuenan ILIM, ESP32 nocmasnsemucs 3 Mooynem
WiFi, akuii mooce niompumyseamu oucmanyiiine xepyeauus. LLIeuoKicme Kpokogozo O06U2YHA MOJICHA De2ylio8amu, pe2yniiouu
pobouutl yuxn LLIIM npoepamoro. ¥ noeonanni 3 npooykmamu ESP32 npooykmusnicms yb02o po3pobienozo npooykmy modxce o6ymu
cmabinvroro ma naditinoro. Cucmema 6ionixy wacy ESP32 mac xinbka maiimepis, GUKOPUCMAHHS SIKUX 3 CUCIMEMOIO Nepepusas, 0ae
MOJICIUBICNG €heKMUBHO Kepyeamu KilbKOMAd KpOKOSUmMU O0gucyHamu oonodacHo. A mooyne WiFi ESP32 mooice peanizyeamu
oucmanyiiine KepysanHsa 1ecko ma 3pyyno. Bionogiono 00 npunyuny Oii KpoKo6o2o 08U2yHa, peanizo8aHo NiGKpoKose KepyeaHHs ma
NOBHOKPOKOBE KePYBAHHS KPOKOBUM OBUSYHOM, 4 MAKONC MIKPOKO6e Kepyeanus 3 sukopucmanusm LLUIM cuenany, wo 3miHIoEMbCs
3a 3aKOHOM KOCUHYCHOI pymxyii. [nsa xepysanus 0eucyHom 6Y10 po3poOaeHO 3pYuHUU 8e0-000amoK, Wo 00380A€ 30ilCHIO8AMU
OUCMAHYITIIHE KEPYBAHHSL CUCMEMOIO, WO CKIAOAEMbCA 3 HOMUPLOX OBUSYHIB, Y NPOCMULL [ 3DYYHULL CROCIO

Knrouosi cnosa: ESP32; kpokosuii 0sueyn,; oucmanyitine kepyeanns, WiFi mooynv; microPython

Introduction precise control, which greatly facilitates our life and
improves the level of the modern high-tech industry.

In particular, multiple stepper motors work
together and use the remote control program, which

The stepper motor cooperates with the remote
control system to achieve the goal of convenient use and
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greatly improves the flexibility and applicability of the
equipment. In real life, multiple stepper motors are used
together more often. For example, a 3D printer, using
three stepping motors at the same time, the x-axis, the y-
axis and the z-axis, can determine the left side of the
space and accurately print the 3D three-dimensional
object we need [1].

By adding a remote-control system, we can control
the movement of the motor in real time and can replace
humans to complete complex and high-precision work.
For example, endoscopes are often used in medicine,
when the endoscope needs to make micro-adjustments in
position, we can use a remote control to make real-time
adjustments.

Stepper motors can run accurately and stably and
are widely used in modern industry. Remote control of
multiple stepper motors has a very wide range of uses. It
can be adjusted according to specific usage conditions and
can be applied in many fields [2,3].

The goal of the work

Study the principle of the stepper motor, according
to the principle of stepper motor, and then based on micro
python, use Python to write programs into ESP32 to
realize remote control of multiple stepper motors.

Principle of stepper motor operation

There are several ways to control the phases of a
stepper motor.

The first method is provided by variable switching
of phases, thus they do not overlap, at one moment of
time only one phase is included, Fig.l1 a). The rotor
equilibrium points for each step coincide with the
"natural”" rotor equilibrium points of a non-supply motor.
The disadvantage of this control method is that for a
bipolar motor at the same time 50% of the windings are
turned on and for a unipolar motor only 25%. This means
that full torque cannot be obtained in this mode.
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Fig. 1 — Modes of the stepper motor: a) full-step mode,
one phase is included; b) full-step mode, two phases are
included; c) half-step mode

The second method is overlapping phase control:
the two phases are included at the same time. In this
control method, the rotor is fixed at the intermediate
position between the stator poles, Fig. 1 b) and provides
approximately 40% greater torque than in a single
contained phase. This control method provides the same
step angle as the first method, but the position of the rotor
balance point is moved to half a step.

The third method is a combination of the first two,
called the half-step mode. This method is quite common,
because the cost of a few-step motor is higher, and it is
very attractive, from a 100-step motor to 200 steps per
revolution. In each second step, only one phase is used for
feeding, and in other cases, two are used for feeding,
Fig. 1 ¢). As a result, the angular displacement of the rotor
is the half-step rotation angle of the first two control
methods. In addition to reducing the step size, this control
method also allows part of the resonance phenomenon to
get rid of. The half-step mode usually does not allow full
torque to be obtained, although the most perfect drive
implements a modified half-step mode in which the
engine provides almost full torque while the power
dissipated does not exceed the rated power [4, 5].

Design of remote stepper motor control system

With the development of the times, the functions of
microprocessors are becoming more and more powerful,
and many chips that can complete complex control
functions. To carry out this project, the system design
needs to be carried out first, and a complete scheme is
required. After the processor is selected, a program needs
to be written to complete the control of the stepper motor.
At the same time, to achieve remote control, a
microprocessor and computer communication —are
required to achieve better human-computer interaction, as
shown in Fig. 2.

control
program

v y ¢

Stepper motor
driver for L298

v il

phone/
computer

MCU

control page

stepper motor

Fig. 2 — System design framework

Therefore, combined with the development board,
we can use the development board to generate pulse
signals to control the stepper motor and adjust the speed
and direction of the motor. The project is developed based
on stepper motor NEMA 14 with current per winding 1 A.
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It is typically used in 3D printers, laser engraving, and
small CNC machines. The stepper motor structure is
shown in Fig. 3. The main characteristics of NEMA14 are
as follow: model — J K35HS34-1004; turning angle in one
step: 1.8°% current per winding is 1 A.
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Fig. 3 — Schematic diagram of stepper motor structure

After designing the project and writing the relevant
code, you need to have a detailed understanding of the
state of the stepper motor when it is running, and you
need to master data such as voltage and current [5].

When the stepper motor is running, it requires a
change in the direction of the magnetic field, which is
independent for each phase. The direction of the magnetic
field can be changed in many ways. In a unipolar motor,
the windings have a middle off-pole, or there are two
independent windings for each phase. The direction of the
magnetic field is changed by switching to half-winding or
full-winding [6]. And here only two simple power
switches A and B of electric drive for each stage are
needed, Fig. 4.
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Fig. 4 — Electric drive of the unipolar motor

In a bipolar motor, the direction is changed by the
output pole shift of the winding. For such an over-pole, an
inverter bridge circuit is carried out for an electric drive
shown in Fig. 5.
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Fig. 5 — Electric drive of the bipolar motor
Program software of the control system

The data we use in the program are shown in the
following Fig. 6.

import machine
import time
from machine import Pin

motor@=Pin(*:,Pin.0UT)
motorl=Pin(25,Pin.0UT)
motor2=Pin(26,Pin.0OUT)
motor3=Pin(~/,Pin.0UT)

while True:

motor®.value(1)
motorl.value(®)
motor2.value(®)
motor3.value(®)
time.sleep( )

Fig. 6 — Half step program and data used
Here we use the delay function to write the code.
1.8+2=0.9';

360+0.9 =400 steps; (1)
400x0.1=40s,

By calculation we can conclude that each
revolution of the stepper motor takes 40 seconds.

The voltage is 3.3 volts, So we can calculate the
current:

3.3:2.7=1.22A, )

So the current is 1.22 amps. Rotational angular
velocity:

360+40=9", 3)
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So the rotational angular velocity is 9 degrees per
second.

We can change the rotation speed by adjusting the
time of the delay function without changing the voltage
and current [7]. Here we also can use the delay function to
write the code.

360 +1.8 =200 steps;

“4)
200x0.5=100s,
By calculation, we can find that the time for each
360 rotation of the stepper motor is 200 seconds.
The voltage is 3.3 volts. So we can calculate the
current:

3.3:2.7=1.22A, (5)

So the current is 1.22 amps. Rotational angular
velocity:

360+100=3.6, (6)

So the rotational angular velocity is 3.6 degrees
per second. We can change the rotation speed by
adjusting the time of the delay function without changing
the voltage and current [8].

Considering the torque problem of the stepper
motor, PWM output signal whose duty ratio changes as a
cosine function is designed, can make the acceleration of
the stepper motor increase slowly and protect the stepper
motor. The data we use in the program are shown in the
following Fig. 7.

mdevice
=sd 1 limport math

L pwm3 .py - [Jpwm motor.py =

=Py _Llib

2 from machine import Pin, PWM
' muorkSpace

3 from time import sleep

-while True:
motore = PWM(Pin(33), )
motor2 = PWM(Pin(26), )
for phi in range(@, e B

dé = int(math.sin{phi/ * math.pi) * ¥

d2 = int(math.sin(math.pi/2-phi/ * math.pi) * )

motor@.duty(de)

motor2.duty(d2)

print(phi)

sleep( )

PuhNhbhoova~vous

Fig. 7— PWM program and data

In the program, the designed PWM frequency is
1000 Hz, so the period is 0.001 seconds. In this program,
every time a pulse signal is given, the motor rotates a full
step.

Due to the design of the PWM signal in the
program, the duty cycle of the PWM changes according to
the cosine function, so the delay function is used to adjust
the speed. Thus, the current and voltage also change from
time to time, and the cosine function also changes [9].

The number of pulse signals and the time for one
rotation of the motor are required to calculate the number
of pulse signals that the motor does not rotate once:

period of PWM:

T=1_-_1 _0o01s (7)
£ 1000

So the period of PWM is 0.001 seconds.

360+1.8 =200 steps, (®)
200x%(0.001+0.001)=0.4s, 9)

It takes 0.4 seconds for each revolution of the
stepper motor [10].

After the project is designed, it needs to be tested,
and the code needs to be debugged. All functions need to
be done to achieve the desired effect.

Using a computer for remote control, the test
results are as expected in Fig. 8.

ESP32 Web Server Control Stepper Motor

Fig. 8 — Written control page, computer display

Using a mobile phone for remote control, the test
results are as expected. It's the same as using a computer
in Fig. 9.

il Sl @ R R G @ B4t

(y A 192168431427 + (@

ESP32 Web Server Control Stepper Motor

MOTORT STOP
MOTORT MOYE
MOTOR1 MOVE
MOTORT MOVE

MOTOR &5 now MOVE
MOTOR2 is now STOP
MOTOR3 is now STOP

MOTOR] is now STOP

Fig. 9 — Written control page, phone display

Using the written code, download the program into
esp32, and conduct debugging and testing experiments.
The experimental results are good and the expected goals
are achieved, Fig. 11.
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stepper motor drive L298

Fig. 11— Physical test experiment
Discussion of results

Micropython is very convenient to use on ESP32,
so it is more convenient and concise to use python to
program this project. There are many control methods for
stepper motors. Half-step control and full-step control.
Combined with chip functions, using PWM to control
stepper motors is more accurate and efficient. Design a
PWM signal whose duty cycle changes according to the
cosine function, which can effectively control the step.
The torque problem of the incoming motor is solved, and
the stepping motor is better protected [11].

In terms of control pages, HTML is used, which is
concise and convenient and can display program
functions well and realize good human-computer
interaction functions [12].

Conclusions

The remote-control project of multiple stepper
motors based on micro Python firmware and ESP32 has
been completed, realizing the real-time remote control of
stepper motors, which is a convenient, fast, practical, and
highly expandable advantage [13].

The chip clock system is used, the interrupt system
is used, and the pulse signal whose duty cycle of PWM
changes according to the cosine function is successfully
designed.
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