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Voltage control of static Var compensator based on novel adaptive dynamic programming
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(School of Electrical and Information Engineering, Guangxi University of Science and Technology, Liuzhou 545006, China)

Abstract: To remedy the defect of traditional PI controller in static Var compensator nonlinear voltage control system, a
method based on novel adaptive dynamic programming, goal representation heuristic dynamic programming (GrHDP), is
proposed to optimize control of SVC voltage control system adaptively. According to the external enhancement signal and the
internal strengthening signal, the GrHDP algorithm uses error backward propagation to adjust the weights of the three neural
networks and obtain the optimal weights in order to realize the optimal control of the system by selecting the current and
historical voltage errors as the system state feedback vector. The Action Dependent Heuristic Dynamic Programming
(ADHDP) and the GrHDP algorithm are used to design the voltage regulator of the SVC voltage control system respectively,
and simulation comparison is carried out in Matlab/Simulink platform. The results show that the SVC voltage control system
based on GrHDP algorithm can compensate reactive power quickly, and has better voltage stability and control effect. The
control system has faster response speed and stronger adaptive ability.

This work is supported by National Natural Science Foundation of China (No. 61563006), Science and Technology
Project of Guangxi (No. 1598008-2), and Natural Science Foundation of Guangxi (No. 2013GXNSFCA019020).
Key words: static Var compensator; voltage control; novel adaptive dynamic programming; action dependent heuristic

dynamic programming; voltage regulator

YEFF SVC REBLRUH LIS AEE , A I A 1 R G 1)

0 3l

1 E ST 2%(Static Var Compensator, SVC)
T e AR I IR 28 22 1 AT i i HL R ¢ (Flexible
AC Transmission System, FACTS)%h: &M, Eiliid
H, O RS e P Oy N TR R Y (R R D T, LA

HEB: BRAAFFALRA F8) (61563006); 5 HF
FAE IR B FB) (1598008-2); J~ F A AAF A AT Fo)
(2013GXNSFCA019020)

DR, HAT, SVC BAHAE ey i i
PRAMTATFEVE A4 i, RGP AR T2
IR, A48 PID FihlF L s b, ST
RS, HET LR SVC 1 s —eR
g PL I, LAYERE SVC TRk B 1 i Hi S
. ARIM, RAESE PID BN T SVC IXAMEL
VERIRARGE, ARG IOV R I i e DR ARG 1 1 22
R, WMAHESEIN SVC KRRt . Ak, Ehxt
SVC [F P ) A, 22 A B Y 1 AN TR R 5



-78 - @A &R B R

W, WRCH] PID 4206, WUREIRAL PT il ARt
P&, PP s PID #5ii. fha g sl 4Rk
PEFEbl, ARSI, DLisE SVC fH
SRR, JERAS T TR, b, A
& N 3)) # # Kl (Adaptive Dynamic Programming,
ADP) & AT AL 1) M AR AR A5 ) 7 v
W AIEAEAE L B HTT, ADP eSS REEMIT
sz, AR T AR RG] )
B W TAET R S S e, AR AR )
RY5, ADP O St .

GrHDP(Goal Representation Heuristic Dynamic
Programming) /& FHPAT I 4% H b 25 R PPATY ) 26
3 AN Y % AL B — O Y 5 N B 28 AR B
7L, GrHDP SVAIRAAE T, BRAMBIR B
Wf5s r(2 Ak, Wi HbRp g™ R
W BB RAAE 5 Sy HI T S(h) B AT BEAF H)3dE M
HUREHATE, BeAT A REEAE L S e I AL &
gyl geg Ine 1. Har, 8L O/ N T f#E6e
RS R B e O R ) R ke
Pl e el AR U ) R A
A VR A P R A O AT, IR
TR .

£ SVC FElJ5 T, SCHR[121KH PID it k4%
Wil 7 P50 C A PID Z240ds SR HI A8 VI %k
e EE A A A (Direct Heuristic Dynamic
Programming, DHDP) 5%, JfHHSZIL T SVC it
JNBRJEFa T, A7 R T BB HL R 1 DX TR A% 37 o
SCHR[13TRH N EATZE LR BP 4128 9 4653 531 3¢
o T HATHOBE K X3 2 K (Action Dependent
Heuristic Dynamic Programming, ADHDP)[¥J44T ¥
ZEANVEGT 2%, JEHIILSEIL T SVC YL FEH], 3R
13 TR PR . ASCRA GrHDP $3%
X SVC IS R G0 F IS 8 EAT T B, B
LSl T SVC B AE . 3l %) GrHDP
MU 2% . ADHDP HL 3 28 H1 P HL 7 2%
SHPEEIRCR BT EE, Bk T AT GrHDP
VAR SVC H IS AE 7 VA AT R0 AT B o

1 GrHDP [EEEE N

GrHDP 532 2 7F ADHDP 83545 Ky 18 36 hil &
JERDR T Y H OGN shAS RN, EEHAT™
4. HARMEEFPPAN P28 =50 M) file £ ADHDP
BRI b, GrHDP 80238 n 17—~ HARM
2%, AP 1 Fis. AT IS BN e 4
S IPIRZS SBR) 5 X(k), i oSS uk)s
H b 9 25 1) i N R RS Bt ) & X (k) S 45 M5 5

u(k), A RGBSR 5 S(k)s VET X211
HINPIRAS R X S u(h) Mt
5 S(k), v AR R AL Sk Ak THEL

AT . AR RPN 4K H = )2 BP
PR AT VT o AR SNBSS AL K a5 5
(RN RIS S S(k), GrHDP F) %% Iz a4
FEETVENT 3 ANPREE 24 BB AT I W Y, A3k
HUEARBUE N T R Geka e Ffa Tt .

X(ky=[x1(k), x2(k),+, x4(k)]

X(k)

B 1 GrHDP & REE
Fig. 1 Structure diagram of GrHDP

2  ETF GrHDP B9 SVC B EizHl

2.1 SVC BE#=HI[RE

TSCHTCR 24 SVC HAT B S W B MR i
(REAT A SEE, 2 HErN BT iz g ko DAk
PP I, TSC b R HE) 25 3% (Thyristor
Switched Sapacitor), TCR A i fif] 5 5 i HE BT 2%
(Thyristor Controlled Reactor). TSC 32 % n] #E17 4321
#eU), ik 5 TCR SCEAHRL &, nl SEILC T D11
ST, SVC [ RGHEN KT R 1Y

stc = [Bc - BL (a)]U2 = BSVCU2 (1)
Hrp

B.=wC 2)

2(n- a) +sin2a
B, ()= 3)

Tl
n®’ LC - 2(n— a)—sin2a
By = ( ) “)
Tl

AP UK SVCIER i s Be o TSC KLk ri4l;
Bi(a) 4 TCR ZEAH LW HLN; Bgye I SVC HIZEE HL
5 o N IR E AR IEIR /1, H 90°<a<180°

AKX (@41, SVC [0 RGN
I Osves SSHIAN Bsve T B R A o 1
ESLRH . I T o HCE D) TSC SCEEE, ]
AR SVC ZE YN Beye, MITTELAS SVC 1 &
GIENI T DI Z Qsye, I ZE BT A i Rk
HL S (R4 F B2,



JnE s, %

SVC ¥ RGUlE T8 SATH.
LR MRl R B SE IR M e NS
FHLEY SVC 23 55 e A FLE S R M2
R =H MR ZEE AU, BRI SVC £
LN Brepo FANVEFIAHRYE S5 YN Brep VI
WAl A a, JERRE TSC SRR IIHRVIRA, B
2R AR A e HL B A kR R SE B TSC 32
BRI & TCR SZ 6 S I fid = 10423 1
2.2 GrHDP B[EiAT 8%t

TEPE T K D7 S R R R ZEAU AR RS
AR S st o) B X(k)o AU & XK
AU:Uref _Um _Xs]svc Q)
s Ut N SVC %3RS FWL; Uy i SVC %
T R IRAE; Usi=Xslsve A SVC #MEHL 5
Xs HRPERIPT, B X=0.01 p.u./100 MV-A; Igye A
SVC it st

1) PAT ML

PAT M ER K] 2 FIroR i) 3-6-1 2544 BP #1421
gvert, AN RGORS A = X(k)=[AU(k),
AU(k-1), AUGk-2)], i B 5 AB (k) w2l
MINZE SRS R BUE, w2 R 2 S 2
() PRIRAEL . B J2 A 2 P28 TG 1) R 25035
SRANERECRN sigmoid PREL

2 BATM LR LEH

Fig. 2 Structure of action network

HUT R4 RO LR AB (R (6) 522,

6
=Y WP ()0, (k)
1-e Z':w
AB, (k) = ————— (6)
=Y W k)0, (k)
l+e ™
Hrp
fiwii?j(k)xa/-(k)
1-¢ ™ .
0,,(k)= . ,i=1,2--,6 (7
=2 () (K)
1+e ™

X O NBRRIZEE i MZ I x,(k)h
BINES j AT, Hj=1,23,

AT WY 25 IR R FBR T kb AT, R
(USR]

= DL

o W )]

i TCThAME 2B T 18 3 Y B A R F R 4 - 79 -
9, (k)
WO (k) =w® (k=1 -1, ) )

e LANPAT RIS 52 1A Ey(k) N AT I %
iR ze e K, g
Ea(k)=%[J(1€)—Uc(k)]2 (10)

A SN R, HAE F VPN P A 1 21
Uk 3 sk, B U(k)=0.

2) HbrM 2%

H A W9 254 K I3 BT 7 11 4-6-1 45 R4 BP A8 1 4%
BEUE, FHA [ BN [X(K),AB (k)] i HH 0 A S o
WAE 5 S(k)e we NN E S B 2 AU, w,”
JkaS E S E R RBUE. FEE R 2 e
TGS bR £ A SRR bR £ R sigmoid bR 28

ya
AUGK-2) —»O) 4‘}"
AN\

3 BfRMLEH

Fig. 3 Structure of goal representation network

W EBSRALAS 5 S(otE (1)

—iw@?‘(k)ogl Q)
1-¢ &
Sk)y=——7F—""— (11)
. —Z»v;%’(k>0gi<k)
+e -
N q:'
.
| 721“71(;1'?/ (k)xy; (k)
— e J= .
O0,(ky=——F—,i=12---,6 (12)
_sz(;lf?/(k)xgj (k)
1+e ™

Kb O () B ZEE @ MEICIERIH: xg(h)
HEINZER AN, H =12, 4,

H b 9 285 (PSP R S5 B2l AT 3, LAk
RE)

1 1 JE. (k)

WO () =" (k-1)~1, —awf o (13)
oF (k

WO E) = W (k=) 1y

oW (k)

Kot 10 R0 ST s By BRI

MR, o St T
Egm=%w@>nfmﬂmfdmf (15)

e S(=1) 0 (k=D ZI N ERA S 55 ool H AR
MEE R HIIA T, B a=0.95,



- 80 - @A &R B R

3) VP 4%

PEA I 48 R FH B4 T 715 1R 5-6-1 45 R BP 45 [ &%
weil, HEA Y [X(K), ABre(k), S(k)], it AR
Y BTG T o we DA i N 25 B 2 18] AL
i, w B 2 S 2 R R, B B
TGRS BR BCA SRR R B R sigmoid BREL, T % HE )2
PR TC IR BS BRBCH SR bR 50

AU(k)
AU(k-1)
AU(k-2)
ABes(k)

S(k)

4 MWL
Fig. 4 Structure of critic network

AN L J(h) 4% X (16) 15 o

6
J(k) =Y w0, (k) (16)
i=1
N I:P
—iw{:}},(k)xw(k)
l1-¢ ™~ .
0,,(k)= - ,i=1,2---,6 17)
=YD, ) ()
l1+e ™

Kb Ou(k) RS ZSE | AT x () h
NS AR, HL =125,

VP IO 24 RO IRV R FIO B BE T BV A7 1 e,
AR

3E. (k)

O ey = w (e~ 1)~ [ == 18

Vo O ED gy (Y
3E. (k)

Oy = w (k—1)—] L5 19

WIW =G 09

Kb VR M ZE 125 S TR s EL(k) N VR M 4%
MRz kgL, How Uk
E (k)= %[J (k=1)=yJ (k)= S(k)P (20)
A J1D)A DI ZIRARYT RS,y VRO M4
PIFTHIR -, HL 9=0.95.
ANESRAAE S () XA
r(k) =-[AU*(k)+0.4AU* (k- 1) +
0.16AU* (k- 2)]
S U T 7 S P R T g )
B (k) =B (k=1)+ AB . (k) (22)
2.3 GrHDP B [EFTRF I FAill %k
1) BOEPAT S H AR 28 FPEDT I 25 (14146
BUE R (-1, DN FIBEHLEL
2) AR AN ) R GURAS S Wt ) X (k) HAT

21)

L5V AB ok~ 1) FIAB (k)

3) FHEHI A BIX(K) ABref(k—1) S AB(k), HAn
WY 28 1A P BRSNS 5 S 1D RIS (k)

4) WRIGHA IX(K) ABref(k=1)~ AB(k)~ S(k=1)
JeS(ky, VRO I ZETHE AR 2R BRI (k- 1) FIJ (k)

5) VIS AN R SR A A T (o) A H bR 4% R 2
Ey(k), #%320(13) 214V H bR W 28 AUE, JFE
WES(k), MEL(k)=e N, #20086), MG
1%5);

6) THELVEAN M L8R Z2E(K), $%20(18) 2 (19)
TRV WL AU, FEEHH IR, ME()E e,
Iy, HLRRT), S WEIR L ERE):

7) THHPAT M EEARZEE k), 125(8) 2(9) %«
PAT S IBUE, I EFHAB k), MEL(k)Ee,
Iy, LIRS, S WEI L IRT);

8) %y th F s U 15 2 4% 1l B Brer(K) o

3 EHIRRIAES S

KM Matlab H ) R4 T HAA N SVC T E RS
HEHAT 5 B o Al B R G0 H R 4 25 B 6 000 MVAL 735 kV
HLH YR . 2Rl A 200 MW Ffur RIRAL Y, SVC 25 &
HEit—4 735kV/16 kV. 333 MVA [{HE&78 1 28 5F
AL, SVC A% —4% 109 Mvar [ TCR %
M=% 94 Mvar [J TSC Z#&E3U, Wb iFkL T
GrHDP H:M1) SVC HLR#EHIZR, SChiekH
ADHDP S35k BEH T SVC ) H IR 15 8% 913047 71
L. BT L, ADHDP T M4 FIEEA 4
AP =2 BP fH M Bt . PR L
WA S HBCEMIE, W 1R,

=1 AHEERTRENREBEH

Table 1 Internal parameters of two voltage regulators

fRRE =i W 5 A 7Y o] 6% 45 1) )R 15 22 R
GrHDP H bR 2% 4-6-1 0.02 0.01
GrHDP PATMZE 3-6-1 0.01 0.4
ADHDP PAT 4% 3-6-1 0.01 0.4
GrHDP A R 4% 5-6-1 0.02 0.01
ADHDP P R 4% 4-6-1 0.02 0.01

WESFHHE Ue1.0 pu., HRGHEL
i, SVC 2¢8% R Uy, #HIRCRNT i tn i 5
Ji7R e

0~0.05s B, RGHEREN 1.0 pu ik,
Un=1.0 p.u.; 0.05s i, RGHIEFRIEE] 1.025 p.u.,
FE L SR EIER T Un 882 1.01 pou.,
HH &I T %0, GrHDP F1 ADHDP FiLHs 1715 85 ()3 ) 24
BT PLIHAT %, 0.2 s I, RGEHE SR 0.93



JnE s, %

LT DM S A 1 3 1 3 A R F s o - 81 -

pu, EHEPFTSRMEEERN T, U, #8273
0.974 p.u., GrHDP H [ 1775 2% [ e S i fe R 5 0.35
s I, RGHEKE R 1.0 pu., 16T 21008
FHEHR, Un #0013 1.0 pu., GrHDP 15 281
HL A2 8O B U

1.05

T e
1.00 |- ] :
| —aGrhnp e
095} ADHDP
..... . Pl

0.90

U/pau.

0 0.1 0.2 0.3 0.4 0.5
tls

5 mEFEHIRRAT L

Fig. 5 Control performance of voltage

SVC EANRZMN LI mE 6 Fr
Re 0.05s RGHLSSIENT, SVC Wl R4 Th )
KULEHIE Uy 0.2 s RGHUERFER, SVC [7)
RGEFENTCININFEUFEFHIE Uy 0.35s REEHE
WK 1.0 pou iy, SVC [ RGEEANRIILIITIZE N 0,
5T GrHDP 1) SVC H 42 il S i ] 58 i B S G
DR A o

3000 Gpp

200 ADHDP
100
l . ; 0.4 0.5

Osve!Mvar

=

-100

t's

6 SVCEARFXININER

Fig. 6 Injection reactive-power into system

SVC 1) TSC SZ A NEL nrse AR 2k an pE 7
Fi7R

ADHDP
i |

0 0.1 0.2 0.3 0.4 0.5
t/s

7 TSC &R AHR
Fig. 7 The number of TSC branch input

3 —GrHDP ( ; ‘

(]

Nrse

nsc=0 I}, 3 4% TSC L4 IE HIEAT ;s nysc=1
i, TSC1 ZEHNIBIT; nrsc=2 I, TSC1 1 TSC2
TR NIEAT: nrse=3 IF, TSC1. TSC2 F1 TSC3

WMPENIZTT . W41, ADHDP 1 GrHDP $414
R SVC # b NS DI BR TSC S, S2Bl
T R Th A A . AL, GrHDP
R 7 TSC 2R BV P e s Af .

TCR fili & IEIR 1 o ABAL L WK 8 FiR. a 7
[90°, 180° 1N A8k, il TSC SZHSAHHAC A, TCR
AR RS Z RITCITER, LT RETLINI%H
(P T

180

——GriDP .
!\DIIDP

8(}

I \K
-

8 TCR fili’k £
Fig. 8 TCR firing angle

GrHDP H R 1715 2 1A R 20 Tk Al P s AL

5 SR 9 Fror. HERTIL, MRS
ML AR, AR R AL SO RN RS 5 (k)i
LR PSSO FE A R

0.5

0.4 ' '

_ 0.2 — ;:i)} .'”i., J“*

N O | L i

: | W i”u
-04

0 0.1 0.2 0.3 0.4 0.5
t/s

9 GrHDP RY J(k)F0 S(k) £
Fig. 9 Curve of J(k) and S(k) for GrHDP

RGP R RFEAA, Sl A =A%
PRSEINS, SVC 222 pii oL U, PR H1) 205 S il 256t Eb 2
KI10fT7~. i 10n %n, —=MMRME RS, H
R UB%220.154 pou., #3051 RG0S BN TSCSZ it
BN T SVCIH RGENIN I T DI LI T SVC e
BRI . WO DIBR G, SVC 2% i v R U #5 1 [ 2]
1.0 p.u.. GrtHDPFIADHDPH LA B I Hu S HL T SVC
YRGS e FE I E A . A2 R, GrHDP
SRR I TR AR 0, BN

BT 28 23 SVCTE N R 88 T T R 1) A8 4k
g, —AIRES KA, WIS HANTSC 1, SVCHY
T RGN I IR LR T SVC 2 de s i s
MRS, fESVCIIEVER T, SVCZede ik
UnbeBFEL0 pou., BB, I PIBRTSC i, SVC
I RGEN W TC T D3m0 200,



-8 - @A &R B R

12
1.0 ——
g %8 GrHDP
= 0.6 =
STRe , ADHDP
o4r /L PI
02t
0 0.05 0.10 0.15 0.20

t/s

E10 FBEEHIRR

Fig. 10 Control performance of voltage

500
GrHDP

400

300 ADHDP

200 { : ceeeeee P 4

100 _\,_,J \ 1
0 ’

-100

o Mvar

0 0.05 0.10 0.15 0.20 0.25 0.30
t's

11 SVCEANRFKEIINE

Fig. 11 SVC injection reactive-power into system

TSCCEE BN Bnrsc 224k i 26 1l 123 7
AR R AEHT, TSCISCEEHENIZAT, nrsc=1; =
MR ASG, nrse 14242, FA543, TSC2.
TSC3ZEEAHARFN, LIS ISV CIn RGEEN L Y)
DN W VIR IS, nrsc HH37E 42, 54841, TSC3.
TSC23Z #A4kIE HH 1217, SVCIH ARGy NHITCThIh

3t v

. — GrHDP
o ADHDP
Z2 Pl

1 ‘
0 0.05 0.10 015 020 025 0.30
t/s

12 TSC IR ANEE
Fig. 12 The number of TSC branch input

TCR fil & M o 20l 2 &] 13 7. TCR fil
R o 1E[95°, 180°]NAZ4K., 55 TSC SZEEAH LA
SEHLT TCR SZEEXT RS2 R LI TR IR UL

GrHDP H 115 2% AR B8 20 J (k) FH A 8 BiRAL
55 SRR T2 N ] 14 BT o 78 = AL % i
OUF, AR EREL SRR S S(k)¥I e
Wk, B HSEIL T SVC W22 s ik Uy, B e
e .

180
iy — GrHDP
ADHDP
~ ! e L |
-‘3-' 130 I
W
‘l I
b ﬂ\._,,_
&0

1] 0.05 0.10 0.15 0.20 025 030

s

13 TCR fil & £
Fig. 13 TCR firing angle

— Uk
S(k)

JUk), S

0 0.05 0.10 0.15 0.20 0.25  0.30
t/s

14 GrHDP &Y J(k)FA S(k)#h 2k
Fig. 14 Curve of J(k) and S(k) for GrHDP

4 it

BESHE T AME S SVC AEZetE R R 45

F IR, ASCEEH T MR AT A 1N S A

GrHDP SEHL SVC HURFEHIRJ ik A RERE T

GrHDP ] SVC HiJi % HilfE )y, &R ] ADHDP

Wik T SVC R I 8 3F 36T 105 B G (5

KAIE T AT GrHDP ¥ SVC #% i RSt Re P £ 1)

TSC SZEEAI AT TCR fil & S o, SEBLT SVC Job)

D R PR AN A1 T, S S T A

215 SVC BEZ i s 1 H A . 55 ADHDP AH HE, GrHDP

HAT SR ma N B L BELf H) BAS F ASR 2

FERIBOR TG o AP BT Re%, ik T

B AR P 28 B ST R SR I R mT AR B

2200 L S A HAR N LA E -

Sk

(1] OKPBH, Shi, #547, . T mOm 28 m 9 & KSR

BN SVC HBUMEERE R, A,
2017, 41(1): 178-186.
MI Yang, MA Chao, FU Yang, et al. Design of SVC
sliding mode compensation controller in isolated
wind-diesel hybrid power system based on sliding mode
observer[J]. Power System Technology, 2017, 41(1):
178-186.

(2] TR, B, WA, . THUk S T
B L SR B 5 A BB VAT, R, 2012,
36(1): 140-145.

MA Fujun, LUO An, ZENG Canlin, et al. Research on



JnE s, %

L JE DM S A 1 36 1 20 A A H s 4 )

- 83 -

(3]

[4]

(5]

(6]

[7]

(8]

(9]

closed-loop control method for static var compensation
based on fryze-buchholz-depenbrock algorithm[J]. Power
System Technology, 2012, 36(1): 140-145.

FEHY, WA, Bz, U LA R
JEVER) VMP R 4805 fo M3 il SRS I 55 0], o &%
GifRA L, 2016, 44(21): 77-83.

LI Ziming, YAO Xiuping, WANG Haiyun, et al. Study on
reactive power and voltage control strategy of VMP

system considering static voltage stability of wind farm[J].

Power System Protection and Control, 2016, 44(21):
77-83.

FA2rgE, R vF KA Jo D il 5w i A X
VAR IX W R AR E A AT (0], B RGP B,
2016, 44(7): 13-18.

ZHOU Hongting, SONG Wei. Analysis on voltage
stability in large-scale wind farms integration area
considering impact of dynamic reactive power control[J].
Power System Protection and Control, 2016, 44(7):
13-18.

{548, IR, 2200, 2. BT ME RS s AT R
TR RITASER[)]. O RGRY 5 #2014,
42(22): 147-154.

FU Wei, LIU Tianqgi, LI Xingyuan, et al. Analysis of
operating characteristic and survey of control methods
used in static var compensator[J]. Power System
Protection and Control, 2014, 42(22): 147-154.

Bk, REI, FIELS, S T EhE b R G RO
PID % HI757A[T]. HLUTHIAR 2R, 2006, 21(6): 40-43.
ZENG Guang, SU Yanmin, KE Mingian, et al. A hybrid

fuzzy and PID control method for static var compensation[J].

Transactions of China Electrotechnical Society, 2006,
21(6): 40-43.

PR, P, WA, & WUROL PLIE SIS 7E#E 1 -
TG Dy 42 2% WL R AR I P R B [J]. B BR, 2008,
32(18): 41-46.

PAN Hongbin, LUO An, TU Chunming,
Application of ant colony optimized PI controller in

et al.

voltage control of static reactive power compensator[J].
Power System Technology, 2008, 32(18): 41-46.

wAeH, Bz, T, A IO AMEE S BE AL A A
AR LA LE I B2 s R AR I (0], [ A AL TR AR,
2009, 29(1): 80-86.

XU Xianyong, LUO An, FANG Lu, et al. New optimal
nonlinear PI voltage controller for SVC[J]. Proceedings
of the CSEE, 2009, 29(1): 80-86.

Wlbelk, B, AR, 4. FE T M S ) LR
WL RS 0 PID 2 o i L Je DA Mg
(RIS ). HIRECR, 2011, 35(6): 65-70.

YANG Xiaofeng, LUO An, PENG Chuwu, et al.
Application of an improved PID control based on neural

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

network learning algorithm and particle swarm optimization
in high voltage static VAR compensators[J]. Power
System Technology, 2011, 35(6): 65-70.

IR, JIRkE, ARUSE, B TR L) SVC
LT e PEFE I, W RGO B 4R, 2011,
39(18): 67-71.

MA Zhaoxing, WAN Qiulan, LI Hongmei, et al. A
voltage stability control method of SVC based on neural
network[J]. Power System Protection and Control, 2011,
39(18): 67-71.

KIHRLL, FE0K, ki, BT 450 R BRI i b TG
D2 s G R AR I, H ) A4, 2012,
32(4): 49-53.

LIU Yanhong, CHU Bing, TANG Honghai. Robust
nonlinear control of static var compensator based on
structure preserving model[J]. Electric Power Automation
Equipment, 2012, 32(4): 49-53.

M, X, SI Jennie, 5. —Fpcilt BBl B) A LK)
Jrid R HAE SVC M. AL AR, 2011,
15(5): 95-102.

SUN lJian, LIU Feng, SI Jennie, et al. An improved
approximate dynamic programming and its application in
SVC control[J]. Electric Machines and Control, 2011,
15(5): 95-102.

JEse, B0, MK, AF. w i Io oA g B IE N
AR R I 7] ECR, 2017, 41(3):
895-900.

ZHOU Xiaohua, LUO Wenguang, LIU Shengyong, et al.
Voltage control method of static var compensator based
on adaptive dynamic programming[J]. Power System
Technology, 2017, 41(3): 895-900.

kA, SRR, PHELL, 4E AE N E) AR SHA ).
A h1k 2R, 2013, 39(4): 303-311.

ZHANG Huaguang, ZHANG Xin, LUO Yanhong, et al.
An overview of research on adaptive dynamic
programming[J]. Acta Automatica Sinica, 2013, 39(4):
303-311.

HE H, NI Z, FU J. A three-network architecture for
on-line learning and optimization based on adaptive
dynamic programming[J]. Neurocomputing, 2012, 78(1):
3-13.

SUI X, TANG Y, HE H, et al. Energy-storage-based
low-frequency oscillation damping control using particle
swarm  optimization and  heuristic = dynamic
programming[J]. IEEE Transactions on Power Systems,
2014, 29(5): 2539-2548.

TANG Y, HE H, WEN J, et al. Power system stability
control for a wind farm based on adaptive dynamic
programming[J]. IEEE Transactions on Smart Grid, 2015,
6(1): 166-177.



-84 -

@A &R B R

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

TANG Y, YANG J, YAN J, et al. Intelligent load
frequency controller using GrHDP for island smart grid
with electric vehicles and renewable
Neurocomputing, 2015, 170: 406-416.
Fif, 5, AR, & T 2R RS
AR REHAFHEI]. B RGP 5,
2016, 44(17): 1-9.

DU Zhi, SU Yu, PENG Changyong, et al. Dynamic

equivalent

resources[J].

of power system based on global

representation  heuristic ~ dynamic ~ programming
algorithm[J]. Power System Protection and Control, 2016,
44(17): 1-9.

TANG Y, HE H, NI Z, et al. Adaptive modulation for
DFIG and STATCOM with high-voltage direct current
transmission[J]. IEEE Transactions on Neural Networks
and Learning Systems, 2016, 27(8): 1762-1772.

VLA, BRHRZ, e, S5, SRADHTZY A b N s & L 5
IR LU R N EE e S RI[T]. M ECR, 2016,
40(12): 3768-3774.

SHEN Yu, CHEN Weibiao,

Supplementary  damping

YAO Wei, et al
of VSC-HVDC
transmission system using a novel heuristic dynamic
2016,

control

programming[J]. Power
40(12): 3768-3774.

ZHONG X, NI Z, HE H. A theoretical foundation of goal
representation heuristic dynamic programming[J]. IEEE

System Technology,

Transactions on Neural Networks and Learning Systems,
2016, 27(12): 2513-2525.

FH, ER, BT, E vp ERCHL M TC D R e E
PLC {5 IE4FVE AT AT D). W) RGE R L3l
2017, 45(10): 62-68.

WANG Yan, WANG Dong, JIAO Yanjun, et al. Analysis
of PLC channel characteristics of reactive power
compensation equipment in medium-voltage distribution
network[J]. Power System Protection and Control, 2017,
45(10): 62-68.

Fbete, T8, T#07, 55 L LI sMER g o
AxgEf PID FihlSemg[I]. ISR, 2015, 52(10):
61-65.

ZHOU Xiaohua, WANG Qi, WANG Lifang, et al.
Neuron variable structural PID control strategy for
SVCIJ]. Electrical Measurement & Instrumentation, 2015,
52(10): 61-65.

ARIEAE, HERE. AR T ARSI SVC B AL
VEHIZR]. B RGO 54, 2017, 45(5): 10-17.
ZOU Yansheng, DONG Ping. Design of an innovative
SVC nonlinear controller based on synergetic control[J].
Power System Protection and Control, 2017, 45(5):
10-17.

[26]

[27]

[28]

[29]

[30]

[31]

PhH, BERE, CFEEE, 4§, SVC M IPC BEA G b
MURHL) (0 B R A2 PE[T]. Ha ) R IL BB ER,
2016, 28(8): 79-84.

LI Juan, HUANG Xiwang, GUAN Chengyu, et al
Improvement of voltage stability of asynchronous wind
farms based on SVC and IPC[J]. Proceedings of the
CSU-EPSA, 2016, 28(8): 79-84.

TRAME, G/, GRS, AF. PSS/E A g SO K
HAAFEATFL]. B R GRS 5, 2016, 44(5):
82-87.

ZHANG Donghui, JIN Xiaoming, ZHOU Baorong, et al.
User-defined modeling in PSS/E and its applicability in
simulations[J]. Power System Protection and Control,
2016, 44(5): 82-87.

JrWk. GrHDP 53 (KW E S HoAE R AU AS T A ) I [D].
ZE B #2014,

Hocal, #E4eHE, X%, 5T ADP WSS K I
KRG BT HEAEEHER, 2013, 32(3):
51-56.

ZHENG Wendi, CAI Jinding, LIU Lijun. Control strategy
on hybrid fuel cell generation system based on ADP[J].
Advanced Technology of Electrical Engineering and
Energy, 2013, 32(3): 51-56.

JEBR, MWT, BRAR. HE T Sugeno BUMIHERL MR IEIL
IAMERS Z D7 IR[T]. M ER, 2011, 35(8):
140-143.

TANG Niang, XIAO Xiangning, CHEN Zhong. A
method of multi-mode switching for SVC based on
Sugeno fuzzy inference[J]. Power System Technology,
2011, 35(8): 140-143.

FGEte, T477, ek, & R TSk RmaoT PID
(¥ SVC ALK TIE8)]. RIS, 2011, 48(9): 73-77.
ZHOU Xiaohua, WANG Lifang, QIN Jinfei, et al.
Voltage regulator based on improved single neuron
adaptive PID for SVC[J]. Electrical Measurement &
Instrumentation, 2011, 48(9): 73-77.

#s HHEA: 2017-06-21;

i&[E| B #R: 2017-10-05

EEEN:

FlBede 1976—), B, @14k, Md, 324%, AR

F AR ARG RIES . BALEH S, E-mail: zhxh76@

126.com

K O4R1986—), F, AMd, #IF, FFRF @A EEER

M. WA NS E-mail: zhangyin0830@126.com

.

XA (1976—), 5, HE, i, HLH @ AE ki
F LR L B 5454, E-mail: liusypp@163.com

(%48 £H1)



	DOI: 10.7667/PSPC170929 
	静止无功补偿器新型自适应动态规划电压控制 
	Voltage control of static Var compensator based on novel adaptive dynamic programming 



