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AHOUMIICAHCKUTL 20CY0aPCMEEHHBLIL MEXHUYECKUTL UHCIUMY M

NCCIEAJOBAHUE METO/JIA ITOBBIINEHUA TOYHOCTHU
YIIPABJIEHUSA SJIEKTPOIIPUBOAOM CEPBOIABUI'ATEJIA U
CHUI'HAJIA YIIPABJIEHUA

AHHOTaumMsi: B Mupe mnpoBoaUTCS PsSAJ HAYYHBIX M MPAKTHYECKUX
WCCJIEIOBAHNM, HATIPABJIICHHBIX HA 00ecreYeHre KaueCTBEHHBIX U OecrepeOoHbIX
PEXKUMOB padOThl 3JIEKTPOMEXAHMUYECKUX CUCTEM 0€3 4Ype3MepHBIX NOoTephb. B
CTaTh€ CHUCTEMHO PAcCMaTPUBAIOTCS MPOOJIEMBbI MOBBIIIEHUS TOYHOCTH CHUTHAJIOB
YIIPaBJICHUS CEPBONPUBOIAMH JIEKTPOMEXAHUUECKUX cucTeM. [IpoananuznpoBaHo
B3aMMOJICUCTBHE CUCTEM OOpPATHOM CBSI3U, JHKOJEPOB, LU(POBBIX (PUIBTPOB,
anroputmoB ¢opmupoBanus IIUM-curnanos u mexanusmon [T J]-perynupoBanus
B CEPBOINPUBOIAX, TPEOYIOLIUX BBICOKOTO OBICTPOAEHCTBUSA U TOYHOCTH, OCOOEHHO
B COBPEMEHHBIX CHCTEMax IMPOMBIIUICHHONW aBToMaTH3anuu. B cratbe moapoOHO
paccMaTpUBAaKOTCS ~ MAaTEMAaTHYECKOE  MOJEJIMPOBAHHE,  aJrOPUTMHUYECKas
ontumuzaiusa, padora osnementoB AIIII/IIAII u TexHomoruu 1udbpoBoit
bunabTpayy 11 CHUKEHUS YPOBHS IIyMa, He0OX0AUMbIE JIJIsi TOUHOM Tepenayu u
npeoOpa3oBaHusd CHUTHala. B craThe Takke MpeiaraloTcs —Cleayrolue
TEXHOJIOTUYECKHE  PEIICHUS:  MCIOJb30BAHME  BBICOKOTOYHBIX  HSHKOAEPOB
MPSIMOYTOJIBHBIX UMITYJIbCOB, MOAu(uImpoBaHHbix TunoB [N I-anropurmos (I111-
H, W-I1]]), amanTUBHBIX CHUCTEM OOpaTHOM CBSI3M, a TaKXKe MCIOJIb30BAHUE
texHosoruit DSP (mdposoit curnanbueiii mpoueccop) u FPGA nnst MonuTopunra
CUTHAJIOB B pEalbHOM BPEMEHU. Pe3ynbTaThl MCCIEIOBAHUM MOKA3bIBAIOT, YTO
UCIIOJIb30BAHUE JTUX TOJXOJIOB TMO3BOJISIET YBEIWYUTh CKOPOCTh OTKJIMKA
CEpBOCUCTEMBI, CHU3UTh HEOMPEICIEHHOCTh U JIOOUTHCA BBICOKOTOUHOTO
MO3ULIMOHUPOBAHMUS.

KaroueBbie ciaoBa: cepBOABUIaTesb, YIPABISIONIMNA CUTHAT, TOYHOCTH
curHana, MM (mupoTHO-UMMyJiIbCHasE MoOAyJAnMs), sHkoxaep, [IA]I-
peryinupoBaHue,  aJanTUBHas  oOpaTHas  CBsi3b,  LU(poBoi  (UIbT,
mukpokontpoiuiep, DSP, FPGA, mnosunmonupoBanue, QuiabTpaius IIyMOB,
MOJICJIUPOBAHUE.
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RESEARCH ON A METHOD FOR INCREASING THE ACCURACY OF
SERVOMOTOR ELECTRICAL DRIVE CONTROL AND CONTROL SIGNAL.

Abstract: A number of scientific and practical research works are being
carried out in the world to provide electromechanical systems with high-quality and
uninterrupted, as well as high-quality operating modes without excessive losses. The
article systematically considers the problems of increasing the accuracy of control
signals in servomotor devices in electromechanical systems. In particular, the
interaction of feedback systems, encoders, digital filters, PWM signal shaping
algorithms and PID control mechanisms in servo control units requiring high speed
and accuracy in modern industrial automation systems is analyzed. This article
extensively covers the mathematical modeling, algorithmic optimization, operation
of ADC/DAC celements, and digital filtering technologies that reduce noise
necessary for accurate signal transmission and conversion. The article also proposes
the following technological solutions: the use of high-precision square pulse
encoders, modified types of PID algorithms (PI-D, I-PD), adaptive feedback
systems, the use of DSP (Digital Signal Processor) and FPGA technologies for real-
time signal monitoring. The results of the study show that using these approaches, it
is possible to increase the response speed of the servo system, reduce uncertainties,
and achieve high-precision positioning.

Keywords: Servomotor, control signal, signal accuracy, PWM (pulse-width
modulation), encoder, PID control, adaptive feedback, digital filter, microcontroller,
DSP, FPGA, positioning, noise filtering, modeling.

Introduction: Servomotor devices are an indispensable component of
modern automated systems, which are widely used in high-precision positioning,
speed and torque control. Especially with the development of digital control systems,
the accuracy of the control signal transmitted by servomotors directly determines the
quality and stability of technological processes. This article scientifically analyzes
the formation of control signals in servomotors, transmission, reception, feedback,
protection mechanisms against noise and distortion, methods for increasing
accuracy, modeling and practical software solutions. The structure of the servomotor
control system, The servomotor system is mainly composed of the following
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elements: Programmable controller (controller or microcontroller), signal amplifier
(servo amplifier), motor (AC or DC type), encoder or resolver (feedback sensors),
sensors and filters, algorithmic control module. This system operates in real time.
The PWM (Pulse Width Modulation) signal output from the signal generator
(microcontroller or PLC) controls the motor through the servo amplifier. At the same
time, the encoder retransmits the motor state, and the controller controls it. Factors
affecting the accuracy of the control signal The main factors determining accuracy
are: the frequency and pulse duration of the PWM signal, the encoder resolution
(number of bits), the accuracy of the analog-to-digital (ADC) and digital-to-analog
(DAC) converter, noise (electromagnetic, thermal, digital interference, frequency
resonance conditions, variable loading and inertia. Each component can distort the
signal or introduce uncertainty. For example, a low-precision encoder may not be
able to detect a 1-degree displacement, which will lead to defective movement in the
robot manipulator. Encoders and their role. Encoders are the main element of
servomotor feedback. They are divided into: Incremental encoder (counts based on
steps), absolute encoder (gives a unique code for each position) Optical, magnetic,
inductive type encoders. Absolute encoders are characterized by high accuracy and
reliability. A 19-bit absolute encoder can detect 524,288 positions. This is very
means high accuracy.

mput Encoder Dutput
lines lines

Figure 1 Block diagram of encoders.

Pwm signal shape and its analysis. The accuracy of a PWM signal depends on
its frequency and pulse duration. For example:

1.000 ms — 0°
1.500 ms — 90°
2.000 ms — 180°

However, if the signal is interfered with by noise or interruption, the motor
may stop at the wrong angle. Therefore, it is necessary to clean the signal through
filters and stabilize the PWM pulse.
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Figure 2 PWM signal graph

Anti-noise filtering methods are divided into: RC low-pass filters, digital
median filtering, Kalman filter, soft filter based on the average value. Filtering
increases accuracy by maintaining the purity of the control signal and eliminating
fluctuations in the pulses.

PID and digital control algorithms. The most widely used algorithm in
servomotor control is PID (Proportional-Integral-Derivative). This algorithm:
detects position errors, adjusts speed and direction, and provides continuous
optimization. The PID algorithm is based on real-time data. At the same time,
approaches such as Fuzzy Logic, LQR, Sliding Mode Control are also used in
modern systems.
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Figure 3 control signal sequence

Signal conversion: adc and dac, analog-to-digital (ADC) and digital-to-analog
(DAC) converters are the link between the controller and the motor. Their resolution
and sample rate play an important role in ensuring accuracy.

8-bit ADC — 256 levels
12-bit ADC — 4096 levels
16-bit ADC — 65536 levels
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If the signal received by the converters is noisy, the control obtained from it
will be incorrect. Therefore, for their stable operation, the power supply and signal
lines must be protected.

Servo amplifiers. Servo amplifiers convert the PWM signal into the required
power and current. They: can be analog or digital, control the current limit, operate
with feedback. Their internal circuit is based on MOSFET or IGBT transistors.

Inertia and load balance The inertia and center of gravity of the mechanical
load connected to the servomotor shaft affect the control accuracy. High inertia loads
cause control lag. Dynamic loads change the impulse. Therefore, PID settings are
adjusted depending on the load inertia. Sensor integration Servo systems are
integrated with the following sensors: Temperature sensors (thermistor), current
sensors (hall effect), speed sensors, position sensors (optical, magnetic). Data
processing, The data received from the sensors goes through the following stages in
real time: Signal reception, filtering, scaling (conversion to a unit of measurement),
adjustment and compensation, transmission to the control algorithm, balance
between energy efficiency and accuracy. nHigh-precision control requires more
computing power and energy consumption. Therefore: It is necessary to optimize
signal processing, reduce harmful outputs, use active cooling systems.

Software. Microcontrollers for servomotor systems: STM32, Arduino (with
extended modules), TI C2000, Raspberry Pi (for complex systems) Software
environments: C/C++, Simulink, LabVIEW, FreeRTOS (real-time OS) problems
and their elimination. To solve the problems and their elimination, the following
steps should be taken:

Signal interference — shielded cables.
Uncertain position — encoder replacement.
Delay — algorithm optimization.

System heating — cooling system.

Conclusion: In servomotor electric drive systems, the high efficiency and
accurate and reliable operation of the device is generally related to the accuracy and
reliability of the control signal system, and these indicators are the main factors
determining the efficiency and accuracy of the servomotor. In this article, all
technical, software and physical factors affecting the accuracy of the control signal
were scientifically analyzed. To increase accuracy, it 1s necessary to
comprehensively apply modern signal filtering, high-precision sensors, digital
control algorithms, modeling and real-time monitoring technologies. The relevance
and solution methods for conducting future scientific research in the areas of
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automatic calibration, optimal PID tuning, noise compensation, and system
prediction using artificial intelligence algorithms are presented.

References

1. Mirzoev N., Azamov S. Control and management of active and reactive
power balance in a solar power supply system //MexayHapoIHbII HAy9IHBIN Ky pHAIT
«Mmxenep». —2025. —T. 3. —Ne. 1. — C. 39-44.

2. Siddikov I., Azamov S., Berdiyev D. RESERCH OF REACTIVE
POWER CONSUMPTION OF SINGLE-PHASES ASYNCHRONOUS MOTOR
ENERGY SUPPLIED BY SOLAR PANELS (DEBSEUZ PROJECT ACTIVITY)
//PERSPECTIVES OF HIGHER EDUCATION DEVELOPMENT. —2024. —-T. 15.
— No. 1. - C. 89-95.

3. Siddikov 1. X., Denmuxammadiyev A. M., A’zamov S. S. MUQOBIL
TURDAN OLINGAN ENERGIYADAN ISTEMOL QILUVCHI ASINXRON
MOTOR QUVVAT BALANSINI NAZORAT VA MONITORING QILISH //J1ZP1
XABARNOMASI. —2024. - T. 1. —No. 1. - C. 126-128.

4, Saidmurodovich A. S. The Prospects Of The Construction Of
Hydroelectric Power Plants In Uzbekistan And The Issues Of Increasing Their
Number And Widespread Use //The American Journal of Engineering and
Technology. —2020. — T. 2. — No. 11. - C. 118-121.

5. Siddikov I. et al. ANALYSIS OF POWER DISSIPATION IN A
TRIANGLE CONNECTION OF SINGLE-PHASE ASYNCHRONOUS MOTOR
SUPPLIED FROM SOLAR ENERGY SOURCE //Science and innovation. — 2023.
—T.2.—Ne. Al11. - C. 14-18.

6. Anzamos C. C. YJIVUIIEHUE MEXAHUYECKOH ITPOYHOCTU
SJIEKTPUYECKHUX TTPOBOJIOB BBICOKOI'O HAIIPSXKEHUA //Universum:
TexHnueckue Hayku. — 2021. — Ne. 5-5. — C. 47-49.

7. Mirzoyev N.N., Sayfiyev O.H., Temirov T.O. Investigation of

unauthorized connection to electrical networks, failure to detect their phase

"IxoHomuka u couuym'' Ne5(132) 2025 wwWw.iupr.ru



interruptions and short circuits to ground, ResearchJet Journal of Analysis and
Inventions 3 (10), 130-143 (2022)

8. Azamov S. et al. ANALYSIS OF ELECTRICAL AND
MECHANICAL CONDITION MONITORING OF ASYNCHRONOUS MOTOR
SUPPLIED FROM SOLAR PANEL ENERGY SOURCE //Conference on Digital
Innovation:" Modern Problems and Solutions". — 2023.elektr ta’minoti tizimini
loyihalash. Pedagogs jurnali 10 (1), 2022/6/11, 100-108 bet

9. [.X. Siddikov, N.N. Mirzoyev, M.A. Anarboev, S.I. Davrboeva.
Izolyatsiya holatini monitoring qilish va elektr tarmogqlariga ruxsatsiz ulanishlarni
aniqlash uchun kompyterlashgan axborot o ‘Ichov tizimiming istigbollari, “Ragamli
energetika tizimini yaratishning istigbollari, muqobil energiya olishning
muammolari va yechimlari-2023” xalqaro ilmiy-amaliy konferensiyasining ilmiy
magqola va tezislari to‘plami. Jizzax, 2023 yil 19-20 may, 252-257bet.

10.  Amwzamos C. C. VIIVUIIEHUE MEXAHWYECKOM ITPOYHOCTH
SJIEKTPUYECKHUX TTPOBOJIOB BBICOKOI'O HAIIPSXKEHUA //Universum:
TexHnueckue Hayku. — 2021. — Ne. 5-5. — C. 47-49.

"IxoHomuka u couuym'' Ne5(132) 2025 wwWw.iupr.ru



