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Abstract

This paper presents a comprehensive comparative analysis of model predictive control (MPC)
techniques for switched reluctance motor (SRM) drives, with particular emphasis on finite control set
MPC (FCS-MPC) and continuous control set MPC (CCS-MPC) methodologies. The working
principles, mathematical formulations, and implementation aspects of both approaches are
systematically examined. FCS-MPC leverages the discrete nature of power converters by directly
applying optimal switching states, offering fast transient response and intuitive implementation at the
cost of variable switching frequency. CCS-MPC computes continuous voltage references combined
with PWM modulation, achieving fixed switching frequency and superior steady-state performance
with reduced torque ripple. A fundamental challenge underlying both approaches is the accuracy of the
nonlinear flux linkage model. Emerging opportunities for physics-informed neural network (PINN)
integration are discussed, where governing equations are embedded into neural network architectures
to learn physically consistent flux characteristics from limited experimental data while maintaining
accuracy across the entire operating envelope. The integration of PINN-based modeling with
predictive control offers a systematic framework for high-performance SRM drives requiring minimal
experimental characterization.
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AHHOTALINA

B pabote npezcTaBieH KOMIUIEKCHBIM CPaBHUTENBHBIN aHAIN3 METOOB MPEAUKTUBHOTO YIIPABIEHUS
Il IPUBOJIOB Ha 0a3e BEHTWJIbHO-MHIYKTOpHOro apurarens (BU/I) ¢ mpuMeHeHneM alropuTMoB C
KOHEYHBIM HaOOpoM ympasisitomux Bo3aeiicteuii (KHYB) u ¢ HenpepbIBHBIM HA00POM YIPaBIISIFOIIIX
Bozzeiicteuii (HYB). Paccmorpensl mpuHIMIBI (YHKIMOHUPOBAHUS, MaTeMaTHYCCKHE MOJEIH U
OCOOCHHOCTH TMpakTHYecKoW peanm3anuu obeux crpartermii. Meron KHYB HemocpencTBeHHO
UCTIOJIB3YET AMCKPETHYIO MPHUPOAY CHIIOBOrO MpeoOpas3oBaresisi, OCYIIECTBISAS BEIOOP ONTUMAIBHOTO
KOMMYTAIIMOHHOTO COCTOSTHHSI Ha KaX/IOM IlIare AMCKpPeTH3ali Ha OCHOBE MMHHUMU3ALMHU LIEIEeBOMN
(YHKIMM, BKIIIOYAIOIICH OLIMOKY CIIKEHHS 110 MOMEHTY, OTPaHHYEHHE TOKAa M KOMMYTALlMOHHBIE
motepu. JlaHHBI TOAXOA OOEcTeYnBaeT BBICOKOE OBICTPOJECTBHE W €CTECTBEHHBIH yUeT
OTPaHUYCHMM, OJHAKO XapakTepU3yeTcs IepeMeHHOW dvacToTod KoMMmyTtauuu. Meron HYB
(hopMHpYeT HETpepbIBHBIE YIPABIISIONINE HAMPSHKCHUS MOCPEACTBOM PELICHUS 3a/1a4l ONTUMH3AINN
C IMOCJIEAYIOIEH MINPOTHO-UMITYIbCHONH MOAYJsIIuel, 4ro oOecrnednBaeT (HPUKCHPOBAHHYIO HaCTOTY
MEPEKIIIOYEHAN U yIyqIIEHHbIC I0KA3aTeNId B YCTAHOBUBIIEMCS PEKUME MIPH CHUXKEHHOW ITyJbCalluu
AIEKTPOMArHUTHOTO MOMEHTa. KirtodeBoil mpoOriemol ajis 000MX TMOIXOJOB SIBISIETCSI TOYHOCTH



HEJIMHEHHOM MOJENM MOTOKOCLEIIeHUd. il pelmeHusl NaHHOM 3amadyd mpeaaractcs UHTerpauus
¢usnuecku-uHGOpMUpOBaHHBIX HelpoHHBIX cereit (PMHC), B KOTOpBIX 3JEKTPOMAarHUTHBIE
YpaBHEHHUS! U SHEPIETHUECKHE COOTHOUICHUS BKIIOYAIOTCA B ()YHKIHOHAN MOTEPb MPH OOYYCHHH.
Taxoii moaxox mo3BoJisieT (OPMUPOBATH (PU3HMUECKH COINIACOBAHHYIO MOAEND ITOTOKOCLEIUICHHS Ha
OCHOBE OTPaHUYEHHOT0 00BbEMa SKCIIEPUMEHTAIBHBIX JaHHBIX IPH COXPAHEHUH BBICOKONH TOUHOCTH BO
BceM pabodeM nuanazone. [lokazano, uto wmuTerpamuss GMHC c anroputMamMu MOpeaUKTHBHOTO
yIpaBJiCHUs MOBBIIIAET TOYHOCTh PETYIMPOBAHMS MOMEHTA, YCTOMYMBOCTh K MapaMEeTpUUYECKUM
OTKJIOHEHHUSIM U CHIKAeT TPEOOBAHUS K SKCIEPUMEHTAILHON ICHTU(UKALNY IBUTATEIS.
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Accurately modeling the nonlinear flux linkage characteristics of Switched Reluctance
Motors represents a fundamental challenge in developing high-performance control
systems[1]. Although SRMs offer inherent advantages including robust construction, magnet-
free design, and fault-tolerant capability—making them attractive for electric vehicles,
aerospace systems, and industrial automation[2]—their doubly salient structure produces

highly nonlinear electromagnetic characteristics that complicate controller design[3].
Conventional approaches to SRM control, from basic hysteresis control to sophisticated
torque sharing functions[4], have traditionally relied on extensive lookup tables derived from
finite element analysis or experimental measurements[5]. These methods suffer from two
critical limitations: the prohibitive cost of comprehensive experimental characterization across
the entire operating envelope[6], and the inherent degradation of controller performance when
actual motor parameters deviate from fixed pre-characterized representations due to
manufacturing tolerances or thermal effects. This paper presents a comprehensive
comparative analysis of model predictive control techniques for SRM drives, with particular
emphasis on finite control set MPC and continuous control set MPC methodologies. The
working principles, mathematical formulations, and implementation aspects of both
approaches are systematically examined. Furthermore, this paper proposes integrating
Physics-Informed Neural Networks with MPC to address the modeling bottleneck. By
embedding governing electromagnetic equations directly into the neural network architecture
during training, the proposed approach learns physically consistent flux characteristics from
limited measurements while maintaining predictive accuracy across the entire operating
envelope, offering superior tracking performance under parameter uncertainty compared to
conventional lookup table-based implementations.

The control problem for an SRM drive involves tracking a reference torque while
minimizing copper losses and torque ripple, subject to physical constraints including
maximum current and available DC bus voltage. Traditional approaches construct extensive
lookup tables through experimental characterization, then employ these tables within
hysteresis controllers or model-based algorithms. However, this methodology presents a
fundamental dilemma: comprehensive characterization requires prohibitive experimental
effort, while sparse characterization risks inaccurate prediction in unmeasured regions,
leading to degraded control performance—particularly problematic for model-based methods
like MPC that depend heavily on prediction accuracy. This work examines two principal MPC
categories for SRM control. Finite Control Set MPC exploits the discrete nature of the power
converter by evaluating all possible switching states at each sampling instant, predicting
resulting flux and torque trajectories, and directly applying the optimal switching combination
that minimizes a cost function comprising torque tracking error, current magnitude, and
switching effort. This approach achieves fast transient response and intuitive constraint
handling at the cost of variable switching frequency. Alternatively, Continuous Control Set
MPC computes continuous voltage references through optimization algorithms and



subsequently employs PWM techniques to generate switching signals, achieving fixed

switching frequency and superior steady-state performance with reduced torque ripple [7].A
fundamental challenge underlying both approaches is the accuracy of the nonlinear flux
linkage model. This work proposes that Physics-Informed Neural Networks learn this
function from limited experimental data while respecting embedded physical constraints. The
PINN architecture accepts current and rotor position as inputs and outputs flux linkage, with
training loss comprising both data-fitting terms and physics-based regularization derived from
electromagnetic principles and energy conservation. This approach ensures physically
consistent predictions even in sparsely measured regions, dramatically reducing experimental
characterization requirements. The differentiable nature of the PINN model subsequently
facilitates seamless integration with both MPC frameworks—enabling efficient gradient-
based optimization in CCS-MPC implementations and accurate trajectory prediction in FCS-
MPC.Simulation studies comparing PINN-enhanced MPC with conventional lookup table-
based implementations reveal several important findings. First, the PINN-based approach
achieves comparable modeling accuracy with significantly fewer experimental
characterization points, as physics-based regularization effectively interpolates behavior in
unmeasured regions from electromagnetic first principles. Second, under parameter variations
simulating thermal effects or manufacturing tolerances, the PINN-enhanced controller
demonstrates superior torque tracking performance, with RMS tracking error substantially
reduced compared to fixed lookup table implementations—critically important as MPC
performance degrades significantly with model mismatch. Third, the differentiable PINN
model enables more efficient gradient-based optimization in CCS-MPC, reducing
computation time compared to numerical differentiation through lookup tables with
interpolation.

This paper has presented a comprehensive framework integrating Physics-Informed
Neural Networks with Model Predictive Control for Switched Reluctance Motor drives. The
key contribution lies in demonstrating that PINNs can learn accurate flux linkage
characteristics from limited experimental data by embedding electromagnetic governing
equations into the network architecture, effectively addressing the modeling bottleneck that
has historically limited MPC performance in SRM applications. Both FCS-MPC and CCS-
MPC implementations leveraging PINN models have been systematically analyzed, with
simulation results confirming superior tracking accuracy and robustness to parameter
variations compared to conventional lookup table-based approaches. Future research
directions include experimental validation on physical SRM test benches, extension of the
PINN framework to incorporate thermal and mechanical dynamics for comprehensive
multiphysics modeling, and development of real-time implementation strategies that leverage
model reduction techniques to satisfy computational constraints of embedded hardware
platforms.
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