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Model Parameter—free Velocity Control of Permanent
Magnet Synchronous Motor based on Koopman Operator

AEA$ 525 A

Junsik Kim', Heejin Woo?, Youngjin Choi’

Abstract: This paper proposes a velocity control method for a permanent magnet synchronous motor
(PMSM) based on the Koopman operator that does not require model parameter information except for
pole-pair of the motor and external load. First, the Koopman operator is derived using observable
functions and observation data. Then, the desired g-axis current corresponding to the desired velocity
is generated using the relationship between the continuous-time Koopman operator and the dynamics
of PMSM. Also, the dynamic equation of PMSM is expressed as a linear form in observable space
using the discrete-time Koopman operator. Finally, it is applied to the linear quadratic regulator (LQR)
to derive the final form of control input. To verify the proposed method, the conventional cascade PI
controller and the LQR controller configured with the existing technique are compared with the
proposed method in the viewpoint of g-axis current generation and velocity tracking performance in an

environment with noise and external load.
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[Fig. 1] Lifting the state-space to observable space using
observable function
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[Fig. 2] Block diagram of the LQR method based on Koopman
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[Table 1] Model parameters of PMSM
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[Fig. 3] Comparisons of g-axis currents at given velocity tracking
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[Fig. 4] Comparisons of velocity tracking performances in noisy
environment

S Hlasigink TRk Aakx} 374, BE] sl e F74 B
Hlo]E] ko]=E 71x l 3ol Al o] Folxl o, 4.2 el A
S} F LA 0.3%014 0.05[Nm] 2] £} F-5F7F F=o] . o]l
1-0|ZF [Table 2]9] 4+ AH8-515 3, KOLQR Alo}7]2] 715
A=Q=diag(1, 1, 1,0,0,0,0, 0,0, 0), R=diag(2, 2), LQR #|°]
719] 7VEA1= Q=diag(1, 1, 1), R=diag(1, 1) & A A3}3it.

[Fig. 4@)]:= F #1217”7117} [Fig. 3(a)]ol Ao 28 &5 %)=
< T8 1Y ZolH, [Fig. 4(b)], [Fig. 4(c)]t7—17—1 [Fig. 4(a)]
9] [0.225, 0.425]% 3F, [0.73, 0.77)1% T-7+& Sste] Ut
Wl 1) 3Zo] T}, [Fig. 4(b)]oll 4] &Helsk —’F U, AL Ao 7]
7h 7150 o' 43 LQR Ao 7] B o Fshrt A
He AU waEA P S Fophe eSS B vk &
g [Fig. 4(c)]= HlolElell 7H-A1QF o] 27} Q)= 17 ol A 9
AbE Ao)7) o] L5 A 5ol 7]E LQR Al 7] 9] A5 1
o} Holuth= A& ot o] Bt 4719] rmsedk, rmse
(LQR) = 7.13, rmse (KOLQR) = 5.85-3 B|nl}o] 22|20 2
T g]lo] 7Fssith

ol A= BE o] Siarst o HekE Al9g mEl
s ARE F QR s e FRE AhkAp 7]ke] o
TAA 5715719 /\Exﬂﬂ 71H& ARbSFATE WA 7H
= s A F, B dlolHE o] &8l Farnt ArakE
Aketeic). AlLtE AEA7E F2RE AN K)o &84
2lo] AAZNE H A Hol| &= qFo AFAEe A
23 A AL, o)A TE AR ALK ) ZHE A 2B 9]
AP E S A2 5 LQR (Linear Quadratic Regulator)ol] 2-&-
ste HF Ao A H& kit AlE o] & Fate] v
v el- A tAl|of 7] eF 71 71 0 =2 53 8 LQRA 0] 7] €}¢] q

F AFLYeE, wo]=e) o Halrt gl A ] &

g e ) AL AR B AEH,
AR wEze] AL ARk Aol AT A B

References

[1] T. Tarczewski, L. M. Grzesiak, A. Wawrzak, K. Karwowski, and
K. Erwinski, “A state-space approach for control of NPC type
3-level sine wave inverter used in FOC PMSM drive,” Bulletin of
The Polish Academy of Sciences Technical Sciences, vol. 62, no.
3, pp. 439-488, 2014, DOI: 10.2478/bpasts-2014-0046.

[2] S.Bolognani, S. Bolognani, L. Peretti, and M. Zigliotto, “Design
and Implementation of Model Predictive Control of Electrical
Motor Drives,” IEEE Transaction on Industrial Electronics, vol.
56, no. 6, pp. 1925-1936, 2009, DOIL: 10.1109/TIE.2008.2007547.



=gl stefule) ¢

[3] Y. Kim, K.-S. Kim, and S. Kim, “A DOB based Robust Current
Control of Permanent Magnet Synchronous Motor,” International
Conference on Control, Automation and Systems (ICCAS), Busan,
Korea, 2015, DOL: 10.1109/ICCAS.2015.7364927.

[4] Y. Lee, S.-H. Lee, and C. C. Chung, “LPV H-infinity Control
with Disturbance Estimation for Permanent Magnet Synchronous
Motors,” IEEE Transaction on Industrial Electronmics, vol. 65,
no. 1, pp. 488-497, 2018, DOI: 10.1109/TIE.2017.2721911.

[5] B. O. Koopman, “Hamiltonian systems and transformations in
Hilbert space,” National Academy of Sciences of the United
States of America, vol. 17, no. 5, pp. 315-318, 1931, DOI:
10.1073/pnas.17.5.315.

[6] J.L.Proctor, S. L. Brunton, and J. N. Kutz, “Generalizing koopman
theory to allow for inputs and control,” SIAM journal on Applied
Dynamical Systems, vol. 17, no. 1, pp. 909-930, 2018, DOI:
10.1137/16M1062296.

[7]1 M. O. Wiliams, I. G. Kevrekidis, and C. W. Rowley, “A data-driven
approximation of the Koopman operator: Extending dynamic
mode decomposition,” Journal of Nonlinear Science, vol. 25, no.
6, pp. 1307-1346, 2015, DOL: 10.1007/s00332-015-9258-5.

[8] Q. Li, F. Dietrich, E. M. Bollt, and I. G. Kevrekidis, “Extending
dynamic mode decomposition with dictionary learning: A
data-driven adaptive spectral decomposition of the koopman
operator,” Chaos. An Interdisciplinary Journal of Nonlinear
Science, vol. 27, no. 10, 2017, DOI: 10.1063/1.4993854.

[9] D. A. Haggerty, M. J. Banks, P. C. Curtis, 1. Mezi¢, and E. W.
Hawkes, “Modeling, reduction, and control of a helically
actuated inertial soft robotic arm via the koopman operator,”
IEEE International Conference on Robotics and Automation
(ICRA), Xi’an, China, 2021, DOIL: 10.48550/arXiv.2011.07939.

[10] G. Marmakous, M. L. Castano, X. Tan, and T. D. Murphey,
“Derivative-based koopman operators for real-time control of
robotic systems,” IEEE Transaction on Robotics, vol. 37, no. 6,
pp- 2173-2192, 2021, DOIL: 10.1109/TR0O.2021.3076581.

[11] B.-L Yesid, C.-Q. Leidy, A.-J. Juan, and C.-E. Horacio, “Algebraic
Identification Approach for Parameter Estimation in Surface-
Mounted Permanent Magnet Synchronous Motors,” 2021 IEEE
Sth Colombian Conference on Automatic Control (CCAC), Ibague,
Colombia, 2021, DOI: 10.1109/CCAC51819.2021.9633290.

£ Ik AL 7)e] A 57108719 SEAe] 313

Az
2020 MRS}l ERICA ZR-F3lTH 3R}

A Dot AT B2

2 8 7l
2022 Steftjakal ERICA HALE3HZ3AD
AR SISt AAE SN AAHA)

WAEok BE =2tolw A7), 25 Ao

g

2002 POSTECH 7| 718312 F3hatAh
2005 KIST A2 oi7-41E] 4o oi7-2)

&7 3Hr) Sk ERICA AA}FZ-8HEL md=

TilEok: 2EA 0], A4l A2



	모델 파라미터 없는 쿠프만 연산자 기반의 영구자석 동기전동기의 속도제어
	Abstract
	1. 서론
	2. 배경 이론
	3. 제어기 설계
	4. 실험 및 결과
	5. 결론 및 향후과제
	References


