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Quantitative performance assessment of wind turbine control systems
based on linear quadratic Gaussian subspace benchmark
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Abstract: Aiming at the lack of quantitative standards and assessment methods in the current comprehensive
assessment of wind turbine control performance, a quantitative assessment method of control performance based
on subspace linear quadratic Gaussian (LQG) is proposed. The subspace matrix method is used to solve the
assessment trade-off curve, and the benchmark and assessment index of LQG control performance of wind turbines
are established. By taking the turbine retrofitted by adding tower damping and load shedding control as an example
of the assessment, the multivariate comprehensive quantitative assessment of pitch control performance before and
after retrofitting is carried out by using two kinds of data processing strategies. The results show that, both data
processing strategies can obtain accurate and effective quantitative evaluation results, and the proposed evaluation
method can realize the comprehensive quantitative evaluation of the optimization effect of control strategies.
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Fig.11 LQG performance indicators for each time period
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Fig.12 Performance index comparison

M 12a) 7] WL, 2 FhPEAl SR 15 21 1) 45 R
NARRL, (HEERE 1 7E 500 {RAG HISATH A I34E N
3.7343X103s, TMHEME 2 4 9.2601X103s. K,
W 1 T AR I AR T SR 2, I E A T4
I B (EARHE 2 AHEL TR 1 et st
i [R) X [RIEEATVEAY, X REREE R 2 ASEHTAY
REJJHER, A S aF AR I X F LA R Zh A F i 1R e
M 12b) A %1: MVC PG BN RE LR R Guffan P
RERIPL S, BN E T4 PR AR IR B — VP4 T LQG
PG EL NS I X RGeS N AT, SRR
RENZ AR Pl Fabn e 5 4L R Gk REIR T 138 1045
B, HAHECT MVC PSRRI 45 R ISR & 421
REAE B I i S AT LR R P e o b, BB RH JE #5H]
MU B E T RIS 2848, WL DI ZRTCH 252
Wi, CETP KRR 250357 0.431 5, HUs
TEIXBERIFH R BN 0431 4, PG A%,

ZE LRTIR, fEARGEBIT 2 FhHRE PR TS
FRAHIE, EFRbRAAAE— € 25, 13 2 PhoRmg AR
RENSS B IERIIIEAS 4518, HS5 MVC WS HEIEAH
balh R AT . Semg 1AM HAE T SOl B AR
F, T TS RN BOE K R VAL TSR
W 2 AR EEFL AN B 1) X [A) (R VPAS SR, S IE & T
X REALH B ST HI FR MRS . Si4h, T




22 kA% R

2024 4

TR R R 2 Fppp A Sk, 2 moE I 24 o3 KU X
(1] B [R] [X ) 3E— B f vy E BAE L

445 it

A ST o B B EL AL ZH 47 ] S s T i sk b
BV IR R, $EH TR T 2R LQG
HRCE R 4 T oLl ik, s O BB vF
i SR b~ 5.

D AR TG AR ZR G PP IR MR i, 2T
T LQG AL T iR RS X KB HL AL A2 8 1 g
BATEACVEL,  HLRERS A A\ g R RE BT A3 1A

2) AFERGET, [F—HLAK LQG HEMEF A
[l PRIE, FEHAURCT , 2 R A — AT KU
WU RIE BE VP AR & BRI 22 . A3 752
YT T XU AR 23 A 5 R I T DB R 73 (R
fiti SIS AR R LQG TAili e £ KR L N FH ) ]

3) F T RGHME R 73 A1 A VF Ak S RES A R4
RIF SRR, DB & A T I ) s (R P
il o I A DX B AR VAL S, BEORTHSE R
B Re S AR A ML B A4 R, RIE &
TR N 1) Bl A R 2R A

ARIAE LQG FEAEMITHH i 12 TR
ik, KPR ERR AR A SR, X AT
RES KRBV R 22 . T 12 M PRSI RS H
BRI R Gt N RS 2] LQG i, ANFE
HERBLAER, a8 T — D S A 2

(& % 3 #]

(1] 4%, BREVE, B, & XURHLAR Fa LAl & i 5

BT 5 v e SEILI). R G L AE R, 2021, 33(6):
1323-1333.
YIN Shi, HOU Guolian, CHI Yan, et al. Prediction method
for health degree of front bearing of wind turbine
generator and implementation[J]. Journal of System
Simulation, 2021, 33(6): 1323-1333.

(2] Zdik, X, B4, & KBX AL FRES s Tr
YRR U R[], #J K H, 2022, 51(12): 18-29
LI Mengzhu, LIU Gang, LI Hua, et al. Research progress
on condition monitoring methods of large scale wind
turbine blades[J]. Thermal Power Generation, 2022,
51(12): 18-29.

[3] v, XSEE, R/ANL, 5. TH S 57 50 AN B K8

JAHL AL 2 B 38 4 o A Ak [9). 3D 70 AR 24, 2019,
39(7): 565-575.
GAO Feng, DENG Xingxing, WU Xiaojiang, et al.
Optimization of load reducing control for large-scale wind
turbine considering fatigue damage evaluation[J]. Journal
of Chinese Society of Power Engineering, 2019, 39(7):
565-575.

(41 BIBEAI. R TZ KL S BE A e HREIR S e I 55
LR FE[D]. EK: B K, 2017: 7-8.

http://rifd.cbpt.cnki.net

HU Yaogang. Study of health condition monitoring and
assessment for critical components of large wind turbine
generator systems[D]. Chongqging: Chongging University,
2017: 7-8.

(5] RZRIR, BReFren, HSE, S5 KU A i Ji 0 oA At
H2GreRR ). #71kH, 2023, 52(3): 1-12.
SONG Dongran, LIANG Ziang, XIAE, etal. Overview of
wind power life-cycle cost modeling and economic
analysis[J]. Thermal Power Generation, 2023, 52(3): 1-12.

(6] Hiz)a, EERM, PH2E, 55 FT BRI AKX

RUNLALIZ AR EIZR S TEN ], T BB AR 2,
2014, 34(13): 2132-2139.
XIAO Yungi, WANG Kunpeng, HE Guanju, et al. Fuzzy
comprehensive evaluation for operating condition of
large-scale wind turbine based on trend predication[J].
Proceeding of the CSEE, 2014, 34(13): 2132-2139.

(7] JAw, 1RIEM, 280, % Bhafexd /- ANESE i

R HLAIB AT RS AL [I]. 77 B 3h ik 4%, 2017,
37(7): 38-45.
ZHOU Quan, XU Qingpeng, LI Jian, et al. Operating state
assessment based on set-pair analysis and evidential
reasoning decision-marking for wind turbine generator
unit[J]. Electric Power Automation Equipment, 2017,
37(7): 38-45.

(81 AWK, ZehE, xIsvs, 55, FT 2 IUUETATIERIN

FH ML 4 {8 RREOIR 25 R At [J]. K BH AE 2% 3], 2018, 39(2):
331-341.
HU Yaogang, LI Hui, LIU Haitao, et al. Evaluation
of health status of wind turbine based on multiple evidence
method[J]. Acta Energiae Solaris Sinica, 2018, 39(2):
331-341.

(9] ZHbA, Z0%, 15K, % J: T BENLA & RBUSOR PPN

R X HL AL 2 fi R IR 25 PP AG [0]. K BH RE 2 4, 2022,
43(8): 340-351.
LI Jinyou, LI Yuan, FENG Bing, et al. Wind turbine health
state assessment based on stochastic combination
weighting fuzzy evaluation[J]. Acta Energiae Solaris
Sinica, 2022, 43(8): 340-351.

[10] &k, BASCHE, XIPot, 5. WML SUE 5 RTEAL £
AR K J7[3]. MERATEE, 2019, 41(3F) 1): 372-374.
HAN Bin, ZHAO Wenchao, LIU Qingyuan. Evaluation
techniques and methods for technical transformation of
wind turbine[J]. Ship Engineering, 2019, 41(Suppl.1):
372-374.

[11] PMREER, B3, MHhtiG, &5 FETIETHEE L4
AR REITAS[I]. KPFHAE, 2020(5): 74-79
SUN Dongjian, FENG Zhen, YE Hangye, et al.
Performance evaluation method of wind turbine torque
control based on operation data[J]. Solar Energy, 2020(5):
74-79.

[12] HBSET, 440, FseE, 55 KA EIIFED KA

P J7 5 20 A 5 R VR Al [3]. @ R R, 2020,
46(5): 1528-1537.
SHAO Haoshu, CAl Xu, ZHOU Dangsheng, et al.
Analysis and test evaluation of VSG and virtual inertia
control method for wind turbine[J]. High Voltage
Engineering, 2020, 46(5): 1528-1537.

L1331 XUBH, EN. /e i) 3547 5 g4 Rt

AEPEAL[I]. ) TFE, 2019, 26(10): 1899-1904.
LIU Yang, WANG Yagang. Performance assessment of
parallel cascade control system based on minimum
entropy[J]. Control Engineering of China, 2019, 26(10):
1899-1904.

[14] S0, K AEHLA FEH] Rk RE VR f4 & LK [D]. m




% 3 0]

£ S T TR e A X LA o 1 R AL DA 23

[15]

[16]

[17]

[18]

[19]

5 ZRE R, 2020: 23-30.

HUANG Qingling. Performance evaluation and
optimization of thermal power unit control system[D].
Nanjing: Southeast University, 2020: 23-30.

LI R, WU F, HOU P, et al. Performance assessment of FO-
PID temperature control system using a fractional order
LQG benchmark[J]. IEEE Access, 2020, 8: 116653-
116662.

WRK. T 07 Z98hR i am Ve RE VAL Tk S R g vt
[D]. &% 1L K%, 2022: 3-4.

CHEN Fei. Control performance assessment method and
system design based on variance index[D]. Wuxi:
Jiangnan University, 2022: 3-4.

FANG T, ZHANG R, GAO F. LQG benchmark based
performance assessment of IMC-PID temperature control
system[J]. Industrial & Engineering Chemistry Research,
2017, 56(51): 15102-15111.

SHI Y, ZHANG Z, XIE L, et al. ILC-based two-layer
strategy for economic performance improvement in
industrial MPC systems[J]. Journal of Process Control,
2021, 108: 136-147.

XM, S, i TR LQG Mk S
ZE T 2 ) 251 me R [0]. BRA). A 5 2 W, 2021,
41(6): 1226-1231.

LIU Bohong, LIAN Wenbo, LI Wanwan. Performance
monitoring of high speed train predictive controller based
on subspace LQG[J]. Journal of Vibration, Measurement
& Diagnosis, 2021, 41(6): 1226-1231.

[20]

[21]

[22]

[23]

[24]

[25]

http://rlfd.cbpt.cnki.net

KADALI R, HUANG B. Controller performance analysis
with LQG benchmark obtained under closed loop
conditions [J]. ISA Transactions, 2002, 41(4): 521-537.
B AR RGN [D]. TERH: FRIERY
2016: 29-32.

ZHAO Ling. Performance assessment of multivariable
control systems[D]. Shenyang: Northeastern University,
2016: 29-32.

XU F, HUANG B. Performance monitoring of SISO
control loops subject to LTV disturbance dynamics: An
improved LTI benchmark[J]. Journal of Process Control,
2006, 16(6): 567-579.

HARRIS T J, YU W. Controller assessment for a class of
non-linear systems[J]. Journal of Process Control, 2007,
17(7): 607-619.

JONKMAN J M, BUHL M L. Fast user’s guide[M].
Golden, CO, USA: National Renewable Energy
Laboratory, 2005: 39-44.

&, A, FE, % RERENAR LR Y
ES A B U [3]. K PH B8 2% ), 2023, 44(5):
466-472.

TIAN De, HUANG Mingyue, TANG Shize, et al. Output
power and tower load control of large-scale wind turbine
based on active disturbance rejection control[J]. Acta
Energiae Solaris Sinica, 2023, 44(5): 466-472.

(GUEHE HEE)




