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Tube robust model predictive control of load frequency for an interconnected power system
with wind power based on PDNN
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Abstract: With the large-scale access of new energy to the power grid, in order to effectively solve the uncertainty of load
frequency control caused by the energy’s randomness and fluctuation, and to realize the optimal operation of the Load
Frequency Control (LFC) system with multiple constraints, an LFC polytopicl model with wind turbines is established to
reduce the influence of model parameter uncertainty on the control system. The Tube-Robust Model Predictive Control
(Tube-RMPC) strategy based on the Primal-Dual Neural Network (PDNN) is designed. Combining a nominal model
predictive controller with an auxiliary feedback controller, the nominal model predictive controller is solved by PDNN in
real time to ensure an optimal state trajectory for the LFC system. The auxiliary feedback controller is designed to
counteract external disturbances so as to control the state of the actual system to be maintained in the tube with the
nominal trajectory as the center. Finally, the simulation results of a three-area system with wind power shows that the
proposed Tube-RMPC control strategy can not only effectively improve control accuracy, but also enhance the robustness
of the system and improve the efficiency of real-time optimization.

This work is supported by National Natural Science Foundation of China (No. 51777027) and Key Research and
Development of Technology Plan of Jilin Province (No. 20180201010GX).
Key words: wind power uncertainty; load frequency control (LFC); Tube robust model predictive control (Tube-RMPC);

primal-dual neural network

0 3= R R s v AT, OO AL Ge K K AL

= e e AR Bl R OB N, XU

I NAAT REDERE B SRS G i, HAE RS s R SRR AT AT, RGN I

s, BN T OB BT S R R i B, b
HEEWME: BFHAMFELRA £ C1177020); B BN REMN ZAFEISITIE THEM. B,
TR E L HL R 8 F8 (201802010106X) PRAUE R LA N F M 5 H ) R Ge i e A e M




-138 - ® LRGP B R

T8k HEL D) 7 A A 4 U 5 R — A R

TR RGBT IR, STHR[S-6 14 AT Dy th AR
HBENLRBN AT AL EE, DA B3 AR HAAR X HATL
1o KD T 7125 R ) R GE R 2240 W R
SRS S R, R A DA A KWL B4
AT LFC RGEHATHII . i, NI EAER
Tt & N & HL ML (Doubly-fed Induction Generator,
DFIG)%fiti EREAT T 0T, i T 1%48 DFIG I AS
A B A e N Be ) 10 ) i, FR3R RV 2 AN
OEGE I RC (11519 KLl o1 AN 4 3 E ik I D!
F AU, A X2 R oA T RE, A
KL 25 LFC 4248 T4« SCHR[11-12]48 0 T
— BB R I A AR IR, DA AL s
72O R E AR S, Rk REE T 2
HFre oot PID 2 s Z 8T A . SCER[13]%H
X SRR B4 il g S A 3 e ), SR — i
TR FE NS HO Wk T %, BRI EE
PEACEEAS e e 18 H S EOR AR R 55 Ty T 45
R R PSR AR T %6

FREARLTII 42 ] (Model Predictive Control, MPC)
VB b Se it il o7 i AR F5 AR, L] 5 ) S
bRk RN, IRk O N ] T XU R HE
UL 22 X3 ) R 450 LEC Bevh A . SCk[6]14E H i
Sy ECINE S, 28T T REZAIMAHEAEH. A
TP LG RGNERE, AT R L AT
—REMIAAE, SEELZ I R G 1 A XAl
SCHR[15-16] 4 i T 73 Aii XA AL F5 0 (Distributed
Model Predictive Control, DMPC) /5%, 543 idz il
S/ 7= I N g N 7 TRV ol o 3 GE BN K =l /8 W
SEAEFIPINE, @ EER A T RGN RS
SEME . SCHR[171HEH T 454br i /K R L) DMPC J7
5, TERCT S TR sh A HLEl . DMPC
FELRUEHES LFC RGEAae M RIS, 3k 75 0y s br
RERISHA S A 22 3 BRI ASI o 1 n)
BB Tl MPC A ek, H
RGATAEIA 2 A Pk BExfE CLORAIE . tb4h,
YT HIEHE M LFC REIXM 2 LR 2 A8 i R 4
RS, WA TR VA A RE I
I, SRR s, N InsEIL S N TR RE 71
gity, FmEEm i sE.

Zx By M, & X HL 2 XK ) R GE LFC J7 ik
BA GOSN A E R ). AT T 4
¥ DFIG [¥] LFC 2 it R b PRSI RS (R AN o 1, 2
t 17— T PDNN )AL ) Tube-RMPC i,
FhrPR MPC A stz 4 454, s PDNN
SERSRARARFE MPC AL IR) @, 55 Jm 0 = DX 3k XU H

HERGHAT I EATT, KUETHE Tube-RMPC [1)
ERR TR RE o
1 EXEBEEEEWNARHE S aiRE
1.1 EREBEHBERN LFC RSk EiEn

22 X IR ELIE L ) R G A vh 22 AN X o i Ik
REERET IR IR RS, HRs @ ANt
RGP 1 FioR.

B f 2

E 1 EXEREBEN LFC 1EE

Fig. 1 LFC block diagram of interconnected power

system considering wind power
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Fig. 2 Robust control framework for load frequency of

interconnected power grids with wind power
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