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Abstract: At present, all designs of rotor-side excitation control system of double fed induction generator (DFIG) are
based on the stand-alone machine model, in which the interactions between subsystems and existing controllers were not
considered. In this situation, those “stand-alone machine”-based controllers will have only certain effects on improving the
local system dynamics. Considering the problems above, we propose the adaptive neural decentralized-coordinated predic-
tive control (ANDPC). Firstly, the interaction measurement method is introduced to build the local signal-based interaction
measurement model (IMM) of DFIG. Secondly, a multiple model predictive control scheme based on the obtained IMM is
proposed to control the rotor-side excitation system of DFIG. Finally, an artificial neural network (ANN) trained online is
employed as a weighting controller to cope with the nonlinearities and the large operating range of DFIG. The dominant-
eigenvalue analysis and dynamic simulations demonstrate that the proposed ANDPC scheme not only achieves an accurate
maximum power point tracking (MPPT) control performance, but also provides a consistently enhanced contribution to
network damping over the full operating range.
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tive control, ANDPC) S, 4%+ H N T XU XL 5%
T A 25 (rotor-side converter)3& 5 R 4. % 7 VARl
& T NI HE M 4% (artificial neural network, ANN)#E
Il A% 7Y F00 0 #22 il (model predictive control, MPC).
B R GBI BYE R . E FRMEE I sh 2
P EZR I Z I EAM AT SEIR R B 1 B K T R ER R
4, T HLA] AR 4 T ok R ER A R 2 1 PR
Je. BCERREIR ) RA BRI

2 BT REYE O AR G S BRI B B B (IMM of
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Fig. 1 Terminal voltage and current in the d—q and z—y frames
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Fig. 2 Scheme of the ANDPC control of rotor-side converter
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X1 = FjXj + GUp + hyjgs + Bajdmjg, (152)
Yj,kﬂ = Hij,k—l—l + ilyj,k—‘rl- (15b)

MR R R s — N IX A A
AR X, AN RSt TAE X ) 33t B X
FEnN Gtk E 5k k. A T i A NERIE L, 2R
THEFEREP T RERR BN R T T b
3.2 CIR&AHTHEE(State estimation bank)

AR, XU R N i FEATL A AL AR 4 1
CRIMIES)” . Ok T B S LA R GBI R
“CHIPEh” BBy, RSB LG T U

B, BARTTA R AL A Wbk SR Ze M4k T
BEA

(16a)
dmj,k+1 = dede,k+1a (16b)

A o R KA i HE ATLBR R 5, BOXUIBBR Y. K FEL
ML A AATUBR % KB (S 5 50 8 S Ak 1) R4, JRUAL
FELAY DL A 454 R(152)—(15b)F1(16a)—(16b)AJ

Xajr+1 = Fg;Xaj + Gajngjk,

&
Xjker | _ | Fjx BajHai| | Xj n
Xajk+1 | o Fy Xdjk
ket G
Ue+ | 7| Rajr +
0 k 0] dj,k
—]Alxjk
[ 17a
0 (17a)

A~ Xk ~
Yjkt1 = [H; 0] [ S 4 by (17b)

Xdjk+1

SRS EX, = (X Xajn] T W
(17a)-(17b) I BE= TN
X1 = Ff X8 + GiUx + he ) + Gijnagns
(18a)
Viksr = HiXS o0 + g s (18b)
A SRR R B R RS &,
TR /AL TE TN
X k-1 = Fj X5 o1 + GjUp—1 +

~

hijk—1 + Gdjndjr—1, (192)
X = X ppor + Lilye — Hf Xy 1), (19b)

J
Y ke = Hi X p + hyj v (19¢)

KA LA AR -R /R 236 55, 7] SR M5
R FaAE R Rk g LeL,
3.3 HIEMMRE M AR 2% (Adaptive ANN

controller)

ElmanfiZe P45 528y 1)

vp = W2 (ug, 4 yi) + Wz, (20a)
= flu), (20b)
x% = azll |, (20c)
wp = WY il (20d)

Xp: WY, WE WY AN & E . it
JERUBFERE; wg, yi ATIAPRE ISR A& wi, A
PR I L ) i, RS AR RAUE R R vk, 22505
A RER R U AR B R ) &
OV ABORREL, o HARERE B RIBREL
145 19X 24 A2 T8 B i HH b % 00 e A Y
BUE, AMRUESE RN HLA 05 BE, DRI 0 ) 45 1% 22 1R
1
Jer = Q(yk — D) " (W = Drgre)- (21)
FIFABEEE T B, A48 2| EIman 2 M 45 AUELE
Sl AP
Wi =Wiii =nVwe Jek, (22)
AH: 2 =U,C)Y, n A¥EIE,
8JE7]€ auk 6wk
duy, dwy, OWY

. J RV 86 B2, 36 b U o 4 45 R(200)-
k

(20d) IR Z AEHIEAG 3, %ﬂ*ﬁﬁ%ﬁtﬁ‘%ﬂﬁ
15 3; 0.k A XU XA HE 4% LY %6 B (Jacobian ma-

Oouy,
trix), AJ FH XU M LA B 225 sk S 15 2 s HAF 5
FEREAREFUSL 4T hnsiss S BE AR e i, fE%
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SRFERTCAE Y, e AR A A H AT AR
GBIV RGE S, &0 BEEH s AEGHI T T
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T Ut B XU KL 22 235 ANDPC 5 £E PL_L i
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Fig. 3 Configuration of renewable power system
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B AR i 2% (rotor-side converter), J: B4 48 i 2%
(gridside converter) . 2% ¥ f #2135 (pitch controller)
YRR E e PID s g 101,

4.1 FFAE{E M7 (Bigenvalue analysis)
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Fig. 4 Dominant eigenvalue analysis of renewable power
system over full operating region of DFIG: Pgg1

= 7.3 MW

& 1 EMPCHH BHE4%HM
Table 1 Structure of various MPC

TR RISV IO Bkl
CMMPC “Plar” #8019 My K26), G=0

MMDPC KBCUEMR  F.LE U (26)
ANDPC il HLE  BEMN H(26)
FE XU XL R T A R sz R L U

ALFE, R AE B REE AEHI P, YRGS RE AT AL N
. itk P et ae B 25) ARy R
e
J=AYTQAY + AUTRAU.
i Bt BG40, Y S z wi X B &M
KA. lﬁt‘ﬁ(ﬂ)JAT%’ﬁﬁﬂTTﬁ_ﬁ

(Z waa )TQe(Z wz]Xa)—f—AUTR AU =

27

XTQeX + AUTR AU. (28)

b AT 50, 7R AR ik BEFR AR i
PRERSSFEAL A PR AE PRS2, AR HIT, W
L RQTEUED, WAR A F FRHAEE KIEE L.
XHURRE T BB XNLESl8s R Q2514 L RESR
P AT H = ARG RE 8 Y R 3
4.2 B RIZEREFIEHHE(MPPT simulation)

B R T FR BRI SE X B A ) 45 )
FE, EEEE%?E%M%TEE%%HHH B AL
A5 FH LS USRS 20 (201, DLURUAT R R4 S o AU AR
AEAB L. TE & ARPIRR XU G O T BEAT B K T # R
B RIEAT OB, 5 85 R WK 5-6. 17 5B I XGE

B S RN : AR KT 35 XE N 8 m/s, $E3) &
H15%; v RGE R XIE 13 m/s, PEEhEHK30%.

PN IR O 3 i 0 7 1 o T Nl
ANDPCH IR EFE T 5 =ik B 1) B K Th 2 IR g4
). b T 3 — B UL BIMPPTES B8R, 25 T &
RO A Thoh 2R A RN e (TR i3
5. WF AT LU H, ANDPCE: KT R R iR 2=
KT 2%, B TR P IGER X P4 k.

t/s
(a) fERRHARTY Mk

; 2.0 K. T T T T T =
S8 —PV
ﬁ 14l \\’”‘y\\"‘“f m""‘”’\ww\,, SP 7
0 L 4
E Log L L I |\\‘7~‘=~t~'~“”r y
0 20 40 60 80 100 120

t/s
(b) DFIGHE IThZ & H
B 5 R

Fig. 5 Simulation under low effective wind speed

."_‘;\ ]6 I T T T T T ]
g 14
:/ 12 F .
b
X
z
=
=
R
T
t/s
(b) DFIGH DTkt
Ko R E
Fig. 6 Simulation under high effective wind speed
K2 A agen m & RAE
Table 2 Sample values for the response of
high effective wind speed
WHE)/s 0 1 10 50 100 120

REME 6.8927 6.9426 6.3570 6.4133 4.5480 8.0086
TFEE 6.8901 6.9270 6.3535 6.4395 4.5107 7.9892
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4.3 RGP E(System disturbance simulation)

i T % UEANDPCYE B ) REEHE3N T B2
B, R HEAFRLTHT  FEFREIE B REA
[R5 B it 0 22 Fh i, Gnvm He s e e (R . =T
B ME A L B VIR . S

O 1 AERVBRALS = 0.2 T30 £ O B B 1%
TAE RN B R SR A TR R i ., HApshiE
B A8V, REEEIT A1 A s, (45 R W IE7. BT
d—Vt R XU R L Fe, P O 22 (L. F L7 mT 4, 2T
IR IR M & 5 A FIMPCHE il U R T E T “ I
L7 AR IMPCHE .

a-Vt/Vv

1
-0.05 0.30 0.65 1.00
t/s

7 DFIGHGHEEEISI(S = 0.2)

Fig. 7 Set point disturbance of terminal voltage of
DFIG (S = 0.2)

002 7E LR BRL2-1 7 8] A it o e 8 I 1) Ay
0.1 sy = T itk e, 28 0 50 25 0 I p 2% 2 11 8 o
7.

1.351.50

4
g 2
p=
~ 0
)
= 2T ;
-4 AW 1 1 1 1 1 1
0.0 05 1.0 1.5 20 25 30 35 40
t/s
— ANDPC --—-MMDPC - CMMPC
(a) SGIAHDITZHiH
-+ T T T T T T T T T
~ 0r-
)
5 2l ]
-4 [ 1 1 I I 1 1 1 I
00 02 04 06 08 10 12 14 16 1.8 20
t/s
— ANDPC --—-MMDPC - CMMPC

(b) DFIGE IhThZ4H

Kl 8 =INEh i i H(Psq1 = 6.67 MW,
Ppric = 8.08 MW, S = —0.2)
Fig. 8 There-phase ground fault simulation (Pyg1 =

6.67 MW, Pppic = 8.08 MW, S = —0.2)

EI8H: d-Poh & HHLE A Dh D &l 218, A&
1}5 . FFMMDPCHI ANDPC [ i 45 I XU R L T
Jiht 2R GE AR RS R B LA TR TR G R e ARS8
A AE Y, [ICMMPCHIMMDPCAHH LY, R 4iFH e 7E
ANDPCH# il F 13 2 8% K38 . 1 40, ZEANDPCH#E
IR, RAE R B LA 7R B 5 200 P N S (2
1.5 8)F NFR S XUt KL ZE R 5 480 — /N ik
V(1.7 s)Ja B E AR, sk I A () B B b /N T
MMDPCHICMMPC.

B3 EITUIER . BNLBRL2-1 AR IE 4
#5 ANDPCYE L W S 5084k B 2 1 351 7 30l
FE A Et =0 I BT 1 28 B L2119 i Wt 2% 2%, 0.5 s
5 BB EAZLL P W AS, i R4S R ILE9.
b e s BT T i, XL B Y S R R ) BELTL R AR 1) B
AR N T 0.5 pu, Wik 28 AN E S G, RESHK
B EHRBAPIRE.

02 F T T T T . T T T T
; 0.1F |i
< 0.0
QT r
&5 -0t
,02 1 1 1 1 = 1 1 1 1
00 01 02 03 04 05 06 07 08 09 1.0
t/s
— ANDPC - MMDPC - CMMPC

(a) DFIGH ThTh&%H

d-Vt/V
AR ON MO ®

1 1 1 1 1 1 1 1

00 0.1 02 03 04 05 06 07 08 09 1.0
t/s

-~ MMDPC - CMMPC

(b) DFIGH & #hZk
K9 &EL2-1S5hshmN HiZk (S = —0.003)

Fig. 9 Response of parameter disturbance from

transmission line L2-1 (S = —0.003)

FH 9T 40, BIMFAELR B S EUR R BRI
L, 43 BT R T2 R R I T AR ) 4 s AR,
HH ANDPCHHIBER L T MMDPC.

B 7-9%AF T B4FT7R £ SAFIEE T 45 2. |
AL G5 22 BRI A2 1 S T 5 K FEATLT p 2 (R )
FHEAEH, 1 RS mI2e38 “Har” 1 TAE, Joizih
W3, PR AR S A2 0l = 3 R T 2
TR =AM TR S HZR T HETRE. &
S A 2 AR AH EL AR, R P ORI 545 2
MR INA R T, il 4 — i TAE, NimEE
BT B IR

—ANDPC
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MEE4NTTRFAEE T, 7T DUR AR A T
R MMDPCHFIANDPCZR IR H AHUT ¥ BHJE #2 il 35 R
BT E L R HKE, ANDPCLES LS Eh
KILEH AL TMMDPC, H A ()[R ERIAT 5 454 DU
P

1) HRGEE PRSI, B 2S5
B4 RAZRA. TRIEAE AT BT R R S8 T3
HRRETAEA, TR REMI T RSEY
DR

2) FTF VTR B IA 7 v, A iR — ek
PERLE 7. DRI, 1) FH 2 MR 2R R 2 A B0
ZRE—A AR M R, HAIEHS IR N
B UHAE RGEIE KRB, X PR BT v
(159 SR SE A B . TIANDPCIU R B T2
2R mBUE S, BT A THE %A G hIegit,
N EAELR RS, TS ANDPC Be % fR 48
EEL X AR A, 130 I ) T B4 o ) LS IR kG
LA, TSI 3 R RPN R Sh3).

5 #5i(Conclusion)

ARICAE ) R GBI L AL b, BT
RER N R S B RGBSy R 2
FREIR I RS, 1 T —F BiE NS 5 Hh
YA TN T2 ) S, HKe FC R XU AL 7 il
R RGN B 5. F SREE T A Sh 24 Bt
TR AT IELE R K4 T oLy B N OR3E T4
U ISR, AMNSEIR T 5 kG BE A e K T R R
BRI, 1 T KA AL R, T BB BE T XU
RALshARE, a8 T BRI KRG FHJE.
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ERVE

XA FEEEE I RASH (Appendix A Pa-
rameters of renewable power system)
Al) SUSKHUAREL (bR L 1H, BE A EANSb = 9 MW).
Rs = 0.00706, Ls = 0.171, Ry = 0.005,

Ly =0.156, Ly = 2.9, H =5.04, F = 0.01,
[ —woF wolgso wolgso
2H 2H 2H

Avii = | E}, ;(Rr wo—11>
—Eélo 1 —wp ;(Rr
L rr
[ woFqo  woEj,
2H 2H
2
Aoy = 0 B X |
2 XI‘I‘
—R: X5 0
L er
o — | 2elaso + Eq  2Rslgs0 + Ejg
v | —2X{gs0 + By —2Xas0 — Eqo |
_ X7t
Cl' 0 _IqsO _IdsO B — 00 Xir
7 b 1 — )
10 —Igso Igs0 0 ﬁm 0
Y; - APSZ 3 U’L = Avqri ’ A[Tl = AIqSi P
AQs; AQar; Algs;
AE!, AVysi
AE’Z = (/]1 ) AVTZ = s )
—Ry —X! T
AZqqi _Xb} —RZ‘ , Xi = [Aw; AE[; AEY],
7 ST
i = [WOZH‘ mi o 0)T j=1,--, Np.
3

A2) FIPHUERI (bR L ME, BUE D= Sb = 25 MW).
Xq = 0.3990, X} = 0.1495, Xq = 0.2395,
H =713, Tjy = 5.0, Tg = 0.13, D = 4.0,
X; = [Adq; AEG; Awgy APami Anci
Alr; = [Algqi Algal)’, AE; = [AEGy 07,
AVp; = [AVy AVg]",
Zagi = {—)O(qixoéi} ,i=Np+1,-- N,

Kb FRARORFRSEL, 66, wa, Bl Pam na 4 51
5 XA A SR B AR IR A . YU AL
BRIDER . PRI TIERE: Xq. X405k gl 7125 st afi
SAT: I, 1g7 B0 d- BB, YOk R P LA el i
HOEVE LSRR S, 15].

A3) SCRARHAIRAR,

AS =0 - 0 dnps1 -+ Ong1]s
T=blk{T1 - Tny Tngsnyo - Tno}'s
Voo = bIk{O1 -+ Onyg Vingsno - ViolTs
Ing =bI{O1 -~ Ong Iinps1yo - Ino}'s
S e S IR

—Vao

Vo =
Vo

—Iqo
IR { Lo } ;
R R I
1 Nr
[01000] [01000]}
00000 NF+17 "loooo0o0 N’
My=bIk{[0 0 0]1,---,[000]Np,[1 0 0 0 O]Npt1s
-+-,[1000 0]n},
H A bk F A
Ad) RIS,
KA IRIIN TN Pac h
Phae = 0.5Cp7rR2pv3,
Cp = 0.73(%1 0586 — 0.0028% —13.2)e *
v ~0.003 -1
QR—-0.0280 @+1’
A p A BRERE, Cp WRBERIRREL R, vl
R, MR, Q8 RBUERE, B
RHUAESIHRIBETL K Py = (Pac — Pim)/Th. P KA1
I MURIhZ, T, W ARSI M i ) 2. 276 DA B
RIS KL B2 MRS 7 FEAR R, JE RSBkt FE T 45 31
3(162)—(16b) Fr KL ES HUALAEAL.
A5) HIMEEAISHL.
A HAR(T1):
Vi = 230kV, R = 5.878 x 10™°Q,
L1 =0.024H, Vo = 10.5kV, Ry = 4.444 x 1077Q,
Ly =0H, Ry = 222.22Q, Ly = 0.59 H.
AR AR (T2):
Vi = 230kV, Ry =3.674€), L, = 0.292H,
Vo =575V, Ry = 6.89x10 "€, Lo = 5.482x 10 ° H,
Rm = 2.204 x 10°Q, Ly = co H.
PSR T bR 1 R m S, 2R EEMSEL
F At e i
HABIER/ZFHM: 0.053/1.61 Q/km;
A BIERF/IZFHE: 0.0014/3.32 x 1073 H/km;
FABIFFIZFHEA: 11.33 x 1072/5.01x 1079 C/km;
K LI-UALI-20 4K E 10 km; L2- LRIL2-2 /¢ K &
2420 km; L3FJKE 430 km.

BB IABURI R AR AL (Appendix B Syn-
thesized predictive model)

%ﬁﬁ,kﬂrl\k?%éu

A=

Y k1l = Jﬁ:l Wij kYij k+1k =
Wit g (HA XA a1 + hyit gp1) + -0+
Win b (Hin X0 g1 + hyin k1), (29)
Ui k1 = Ui + AU; jy1- (30)
K= (182)-(18b) A (29) 155
Y e = witw(HAFA X, + HiGHUsj i +
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H?lﬁmil,k + ;Lyil,k+1) T+t
win,k(HﬁlFi%Xi(;,k + Hi‘ilG?nUin,k +
Hi\hin o + hyin kt1)- (€1))
%'J)ﬁiﬁ(29)—(3l)%’$1uﬂ‘]ﬂu?§'riﬂ Yi,k+2|kiﬂf/@k+NP‘k
M RIEX, AT B2 WA B A BY; = [V, e -
Y, kg, ] T HIERRR:
Y; = Sz; + Sc;Se; AU; + SciUip + Shxi + Shyis  (32)
A

T
Up=[Uik-1 = Uik-1]ixnN,,»
T
AU; = [AU; g AUiggr -+ AUk Ng—11x Ny
HE - 0
n
Shxi = 20 Wijk | - I
i=1
HEF - HY
ra

xij,k

7a
haij kit Nyi—1
ra
yij,k
n
Shyi = 2 Wijk : ,
i1

ra
yig k-t Npi —1

HYFY
o ||
Sz; = ]Zl Wij ke . Xkl
Ho Pl
ij g

b T AR RIS S B AR LA MY, N ANy 7>
99 B A 2 FEUBTLZEL AR G000 e S22 k.
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