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Abstract

DC motors remain widely used in robotics and mechatronic systems due to their simplicity, low
cost, and straightforward control implementation. In practical robotic applications, however,
estimation and control performance are frequently limited by noisy measurements and
operating uncertainties. Typical sensing setups rely on low-cost encoders or Hall sensors for
speed

estimation and current measurements affected by quantization, electromagnetic interference,
and sampling constraints. In parallel, the mechanical load torque varies with payload changes,
friction drift, and external interactions. These factors lead to degraded tracking accuracy,
amplified noise in derivative signals, and reduced stability margins when conventional fixed-
gain observers and controllers are used.

The objective of this work is to formulate and justify a noise-robust estimation framework for
DC motor drives that supports reliable operation under measurement noise and time-varying
load torque. The central problem addressed is the online reconstruction of velocity and
disturbance/load torque in conditions where direct differentiation of measured signals is
unreliable and where plant parameters cannot be assumed constant. The report focuses on
estimation approaches that remain implementable in real time on embedded hardware and that
can be integrated into standard cascaded motor control structures.
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AHHOTaNUA

JIBurarenu mOCTOSSHHOTO TOKa MO-TPEXHEMY IIUPOKO MPUMEHSIOTCS B POOOTOTEXHUYECKUX U
MEXaTPOHHBIX CHCTeMax OJaroaapsi CBoei mpoCTOTe, HEBBICOKON CTOMMOCTH M OTHOCUTEIBHO
HECJIO0KHOM peanu3aiuu yrnpanieHus. OJJHaKoO B peabHbIX pOOOTOTEXHUYECKUX MPUITOKEHUIX
Ka4eCTBO OLICHUBAHUS U YIPABJICHUS 4YacTO OTPAHUYUBAETCA ILIYMHBIMM M3MEPEHUSMU H
AKCITYyaTallHOHHBIMU HEOIPEAEIIEHHOCTAMH. THUIOBBIE CHCTEMBI M3MEPEHHsS OCHOBAaHbBI Ha
HEJIOPOTHUX JHKOJEpax WIM JAaT4yukKax Xojula I OLEHKH CKOPOCTH, a TaKXKe Ha U3MEPEHUHU
TOKOB, TIOABEPKCHHBIX KBAHTOBAHHIO, OJJIEKTPOMAarHUTHBIM IIOMEXaM M OrpPaHUYECHUSIM
auckperusanuu. [lapamiensHO MEXaHUYECKUM MOMEHT HArpy3ku U3MEHSETCS B 3aBUCUMOCTH
OT Macchl [TOJIE3HON Harpy3KH, U3MEHEHUsI TPEHUS M BHEITHUX B3aUMOJEHCTBUM. DTH (hakTopbI
IIPUBOJAT K CHWKEHHUIO TOYHOCTH CJIECKEHMs, YCUIICHUIO IIyMa B IPOM3BOAHBIX CHUTHAlIaX U



YMEHBIICHUIO 3allacOB YCTOWYMBOCTH TIPH HMCIIOJIB30BAHUU TPAJAMIIMOHHBIX HAOIOmaTeNne u
PEryasTopoB ¢ (PUKCUPOBAHHBIMU KOA(DDHUITUCHTAMH.

Llenpto naHHOW paboThl siBiseTcs (hopMynHpoBaHHUE W OOOCHOBAaHHE ITYMOYCTOWYMBOU
CTPYKTYpBHI OIICHWBAaHHUs /I TIPUBOJOB HAa OCHOBE JBHTraTelieil TMOCTOSHHOTO TOKa,
obecrieynBarOIIei HaI&KHYIO PadOTy B YCIOBHSIX HM3MEPUTEIBHOTO IIyMa M TEPEMEHHOTO
MOMeHTa Harpy3ku. OCHOBHasi paccMmarpuBaeMas 3ajada 3akjouyaeTcs B  OHJIAMH-
BOCCTAHOBJICHHMHM CKOPOCTH W BO3MYINAIONIETO/HArPy304HOI0 MOMEHTA B YCIIOBHSIX, KOTIA
npsimoe U GepeHIIMPOBAHIE U3MEPSEMBIX CUTHAJIOB SIBIIICTCS HEHAAEKHBIM, a MapaMeTphbI
00bEKTa HE MOTYT CYHMTAThCS IOCTOSHHBIMH. B OTu€Te akIeHT clelaH Ha MeTojax
OIICHUBAHUS, TPHUTOMHBIX I pealu3aliii B pPEaJbHOM BPEMEHH Ha BCTPAHMBACMBIX
BBIYUCITUTENLHBIX TUIATGOPMAX W MHTETPUPYEMBIX B CTaHIAPTHBIC KACKaJHBIE CTPYKTYPHI
YOPaBICHUS 3ICKTPOIPUBOIOM.

K1roueBbie ciioBa
[IpuBONBI HA OCHOBE JBUTATEJIEH TTOCTOSHHOTO TOKA, IIIYMOYCTOMYHMBOE OIICHUBAHUE, OLICHKA
BO3MYIIAONIETO/HArPY304HOTO MOMEHTA, MOJICIIbHBIC HAOIFOIaTeIIH.

Main part

The proposed approach is structured as a sequence of stages aimed at improving estimation
quality while preserving real-time implementability on embedded hardware. First, a
measurement conditioning pipeline is introduced to improve signal quality without excessive
delay. This stage includes outlier suppression and low-latency smoothing suitable for encoder-
derived speed signals and current measurements, with parameters selected to preserve transient
dynamics during acceleration while reducing jitter during quasi-static motion.

Second, load torque is treated as an unknown disturbance and is estimated online using model-
based observer structures. Candidate estimator families considered in the report include
disturbance-observer formulations and adaptive observer/identification schemes, which differ
in tuning burden and sensitivity to model mismatch. Particular attention is paid to the practical
bandwidth-noise trade-oft that appears when disturbance reconstruction relies on filtered
velocity estimates; this trade-off implies that estimator design cannot be separated from
measurement preprocessing.

Third, the estimated disturbance is incorporated into the control loop through compensation,
enabling improved robustness to payload variation and friction changes while maintaining
tracking performance. The report proposes an optimal solution strategy based on co-design:
measurement conditioning and disturbance estimation are tuned jointly to achieve stable, low-
latency performance across operating regimes. The research methods discussed emphasize
economical and modern approaches that are feasible for real-time implementation, including
systematic comparison against baseline estimators and structured validation under
representative disturbance scenarios.

To evaluate the effectiveness of the framework, the report defines validation scenarios
representative of robotic actuation tasks, including low-speed motion, step changes in load, and
variable friction conditions. Performance is assessed using tracking error metrics, steady-state
error, transient overshoot, and noise amplification indicators, as well as qualitative robustness
criteria under sensor degradation. The evaluation plan also includes comparative analysis
against baseline methods such as fixed-gain observer with conventional filtering and alternative
estimator families, to demonstrate the conditions under which noise-robust estimation provides
measurable improvement.

Conclusions, practical use, and implementation proposals
The expected contribution of this work is a coherent estimation-centric view of DC motor
actuation under realistic sensing constraints. By explicitly co-designing measurement



conditioning with disturbance/load torque estimation, the report aims to reduce dependence on
ad-hoc differentiation and to provide practical guidelines for selecting estimator bandwidth and
filtering parameters. The results are intended for practical use in robotic drives operating under
payload changes and external disturbances, where improved actuator-side robustness can
translate into higher-level trajectory tracking stability.

For implementation and testing, the report proposes experimental verification under controlled
conditions with repeatable disturbance profiles and sensor noise levels, followed by validation
on a robotic platform where the actuator experiences realistic load variations. The testing
procedure includes ablation studies (compensation on/off, different preprocessing settings) and
comparison with baseline estimators to support objective conclusions about robustness, latency,
and tracking performance.
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