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FEEE: WA Toll i Sk O X B AR (optimal power flow, OPF) M+ E¥ BRI A H T H O ER .
7 3CEE % OPF MR 2 KBTI ALK IS, 0 — BIER U AR SR AT R LR T, EE A4
X FAFE I FIE LR B AR e 4, B AL T 5 OPF jalfi#9) Karush-Kuhn-Tucker (KKT) % %525 59 2930 35 Y08 77 R i
B, ETHRUAERLBE T -RAFES RS FIF R % Newon BIEM: . MM F1E45M
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New model and algorithm for solving the KKT system

of optimal power flow
L.UO Ke, TONG Xiao-jiao

( School of Computer and Communication Engineering, Changsha University of Science and Technology,
Changsha Hunan 410076, China)

Abstract; The market revolution of the power industry presents higher requirement for the computing precision and
speed of optimal power flow — OPF. Considering that there exist plentiful boundary constraints of reactive power in OPF
problems, the general inequality constraints and the boundary constraints are treated separately. Then, by introducing a
diagonal matrix and the nonlinear complementarity function, the Karush-Kuhn-Tucker ( KKT) system of OPF is
transformed equivalently to non-smooth constrained equations. Moreover, based on the new model, a projected semi-
smooth Newton algorithm is presented, which has convergent guarantee in theory. Compared with the traditional
nonlinear system of KKT system of OPF and the method of nonlinear complementarity function, the new method not
only keeps the advantage that it need not identify active set, but also reduces the dimension of the problem. Furthermore,
the proposed approach retains the feasible property of boundary constraints for reactive power. Numerical examples of
some standard tested [EEE systems show that the new model and algorithm have better effect of computation.
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1 3% (Introduction)

B AL (OPF) [l R W 1 R B A
HEER—KE, EFRERRLETERARE

P, e i s i B R e R RO 4 ) T Bk AR
H ] RGEBAAIEITIRA . OPF TE8% Lol ik h
— AR LRI 2 TRAL R [

{min c(x,u)

s.t. flx,u) =0, h(x,u) <0,

(1)
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B 20 it 42 60 4F4X OPF 515 3 Y4 S LASK , &%
P — B S £  8 R TP 5T 3RS R, %K
% &R R R IZ T OPF fitat.
1984 4F,D. I. Sun 32 4 T £ 8Ly Newton 3 AL
FE D WA N R OPF BILM— K CIK Bi)S,
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ZE KB TS EEY. 7 Newton KiiT
Eidmd, N EENTEREGREMNRY . EX
Pt H %p BB %0 ( nonlinear complementary problem,
NCP) f48 ™) s i e 7 HR 6 P R %5 304
WAl . NCP B RE S MR B AN E R N
BT BS THMENITR . B, &5 RN
FrkfE AR R % KKT R4, L0, Newton 275 4% .
#F NCP %, CBR[6 | A& M Ak f i T OPF 1y
—HH . BIE, 0K (7,8 18T NCP REHRH T
Rf# OPF it & n] A % fE /1 (available transfer
capability, ATC) #)4 %3 Newton J5 ik, BH A K
W T RERARE .

CER[6 ~ 8] i Bk RE L TER M OPF Y
KKT #4 |8 —2 1, % F OPF &A1Y
T BT NI TR B (R’ S
77 1R BB B i OPF 1 IR A R XHE A 4 1
FEFI7E OPF P A RBR LA AR, FHEAY
R — AR ARG A R A NCP BB, 2%
P A~ SR A 0 (B 7 B (UG A AR X R AR &)
HISIATI BT B M F R RE R ERGT K,
TRt B E g B . B, AR OB B R
NCP R AR A BTAR T, A04a] 4y 8 305 24 AR Y
BAEM AR T RS . Rk, 4kt
AERLRHMALR D TFE IR, ML AERN
AT STk (7,8 1 B NCP J5 vk 40 3 U5 B9 HE 6
WITRGELTIA—T W HERE, X KKT R4 $
K FRAFB TR R, TS AL 5 F A RAT
BTRMENHFRARKICE TR, HEA
WIS AR T CHRI7 8 I Wik . tE— 4, A SUIR
HESCHR(9, 10 | R R AR R A MR B R
Jt¥ Newton BRI B35 T SRR B B ¥, 1K
B0E BA BT A S 43T HIEEE -9,30,57 Fl
118 ¥ AR HUIHAT T BERES , I 5 50k 7 1 4
R T B, LB XAE LR ERAREHFAITE
MR
2 KKT R % & 4 #9 #7 # B ( Equivalent

Model of the KKT system )

A THRARREARE XGRS RATHH -,
R (1) AIRE N
{min C(x,,x,)

st flx,x) =0, h{(x,x,) =20, l<x, <u
(2)
Hrep:C:R"— R A4k B 7% %+ F OPF [ i, 1]

LA & A /S PR BN s, M x, RIS
AT XHEE, M x, = (P, 0)" e B,
x, =(Q,, V) e R, HHn=n +n; f: B">R"
HHXTFAHI S LRI, b B >R OAA
SRR ALFE K BAE DI AR, R R AR
&l < x, < u NERAR, W B ERLR,
FROMT N I RARE,P,,0, A RAHMA
IR 1, V,0 A5 A R B IR (E R A

LA (2) ) Lagrange sRAH

L(xyy %0, Ay pys s p) =

Clx,, %) = A f(x,, %) —puih (%, 2,) —

pi (= 1) —pu(u —x,) . (3)
AP A e R € B, u, n, € R? X B
Lagange 3¢ [l & (AR BEH ). mIERmENL
) KKT &farm™ 35 = (], 2) BN
B(2) e, WAEATRMIEIL &M T, 77 Lagrange
FTF(A, s gy ) JEEEE (2, 1, A, T
A awl,w))t BR(4) MMR(BEE « SR
7N)-
VL=V ,L(w)=V,C(x,, 2,)-V, A=V hu, =0,
Vol = V,L(w) —p +p, =
V,C(%y, xy) = Vofd = Vohyuy —w, +p, =0,
flxy, %) =0,
h(%,, )20, u,=0, h,u,=0,i=1, -, p,

lsx, <u,p,=20,p =20,
(xy =D ypy=(u —2), 0, =0, i=1, -+, n,.
(4)

Bhbw = (%, %, A1)V, V, BIRRM %, ,
xn WS . MTEEKERR4), HKTENERK
(wogay, ) € BYmom,

TR B AR SRR RS (4) WARY
WHT s pe HR(4) S AN RS SE
NIRRT R
L <ay <u Wy =p, =0, (V,L), =0,
{%xm =L, Wu, =0,8(V,L), =0,
%le- = ui,ﬂl'J;L,,- =0,H( V2L)i = 0.

(5
Xi=1,2, 0, EXAED R
(D(w)), = {(u%)” T <0
(2, = D), #( V,L(w)), =0.

(6)
KO HER(S), ATHERR4) PHE =TSR F
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AR TR SRR Bhw = (x5, 4, m) e B RS (4) FISCHK
D(w) V,L(w) =0. (7) (7, 8] ROBOR, R RAS BN B T 20, , X IERASC

RMTF IR [7, 8], 5L AL I AN Fischer-  PIEVBURAIAL.

Burmeister g% 4L BB (4) PR M A LR YR
MEAPKRR, BlEX
dla, b) =a+b-a + 5.

ETHARMEREAEXNW L4, KKT &
H(4) FM TN THAARA I TR
V.L(w)
D(w) V,L(w)
flxg, %)
<15(5‘71 y X Ml)
H D(x, x,, Mx) = (¢, bys s ¢’p)T-

E1 REB) NABTESLAFTEE, AR K

H(w) =

=0,lsx,su. (8)

2 D(w) WARTHAIER V,L(w) =0/ &, AR
AR VoL w) BESE, B D(w) V,L(w) BIEHE . 54
B(w) BRI . FEHERG(S) HAT LR H R

I FA¥ 63 Newton 3 sRig X (8), AR
BATRARE x, ATTH: . EHSTE D(w) V,L(w)
Yo

(D(w) V,L(w)) =

D(w) (V3L(w), VuL(w)) + (0, E(w)) .
(9)
oAb E(w) B—3t R, TE R
(ECw)), =1 (V,L(w)), | ,i=1,2, -, n,.
FRY(8) B2 561 Newton HHH N

Vil Vil -Vuf - Vih, dx, v,L
D(w)V5L D(w)VyL+E(w) -D(w)V,f =-D(w)V,h, | du, _ | D(w)V,L (10)
VST vt 0 0 da S
3DV hl 3, P V,h] 0 3, P du, @
Hr AR, REM ¢ (w) MERERIE TR
0, P(w) = diag(e;), 9,P(w)diag(b,), Kl s, 38 PR AN 2% R
i=1,2, -, p, FISCER(9,10] g B HoR M R A AR Bl
H B(8). HBEHLMFLRE: AR EMBE
h, - Newton 75 [ M & —MHE W& T7 17, (FEEALE
mfr”vﬁ?ﬁf’%“”*“¢“iﬂ,%p, A4 e BB R Iy T ), S LA B
l—a 2 4R =0 LB JR R R A OB P (8L Newton J7 i #2i) 5
Y PR JEAN, 75 OPF (315 o, JE3f) 5524 5 60 o PR+
- —B 2 B 0, RPEREE BRI I, AR A RIE R R AR
bii=[ V”‘i‘ +hi‘ i=1,:,p AIFT . i
1-8, B +H =0, Y = B" x X, x R™ x B x R™.

AP o, B R (o, ) [ 10G=1, -2, p).
TEw' 5B (10) AR F I m]. Hid=(10) K
Vd, =~ H. (11)
3 ¥ ¥ Y B Newton & H % ( Projected
Semismooth Newton Algorithm)
ARG (8) BIREXSRL T I0 T RARM L
V5 AL P £ -

min y(w) = %HH(W)IP (12)

st I<x,<u.
Hrb R (8) AR (12) BRI RAIE w” BH(8)
B M v BR(12) Mg, BRMKEY(w”) =0;
MRS . BTELFR RN, A SCOF R I

Ho X, = (x, e R? 1 I s %, <ul. 150" 5, HE
Wit -
w = Py(w') = (a1, %3, A1, iy A2).
Hep
L, #Fx <1,
m =(Py (%)) ={x;, &1, < x < u,
w, % > U,
i=1, -, n,.
M Newton BRI LN -
Step 0 EEHEH p, o, n e (0,1) A
W B e X, = (x| I<x, <ul. #k=0.
C Stepl IV, e aH(w'), JFitH Vy(u') =
VIH(w").
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Step2  #w' BR(12) MEBER, FILTHE;
75 W T B 5 1)
di = -y, V(') .
Hey, = mm{l T ;’ﬁ’; ”2}
Step3 M (11) 1% Newton J5 1 di.
Step4 WHEHAAEBF M TENRR. B&m,

(13)

HpxHE A € [0, 1],
d' (X)) =1 (V)dE(A) +[1 -7 (A)]dx(A),
(15)
{dG(A) = Py[w + Adg] —w", (16)
d"(A) = Pylw + Ady] - w*.

y(A) BRE R MK BERE, HE TSR

R TR/ ME [9,10]:
P(w* +d(p™)) < p(w') + o Ve (w*) de(p™) t"(A) = max{0, min{1, e((A)}} . (17)
(14)  HF
0, WR|V[dg(A) -dy(A)]]=0,
t(A) =4 [H(w) + Vdy(A)]"V[dg(A) —dy(A)] B,
- IVida(0) = d(1) TP T
BA, = p™ B! = wt +d (A, A1 MKARLLITEE
Step5 #tk:=k+1iRStep 1. Table 1 Statistic information for the tested system
i bH N Newton BB Y . ATFRATH PEARSE A KmH 4% %R AR
LA G F G R AR, HRXTARFER IEEE -9 9 3 9 18 48
%:(8) it B AT ALK # Y Newton 3%, H T IEEE-30 30 6 41 60 166
IEEE -57 57 7 80 114 302

SF T Newton B s, MBS HER FEIHTE
BEEM HBRENRSE, HEEA PR ISR

3 ERERNEERA TR, LR (12)
MR R, XA AER S T R ATE AR . 7EEFRIT
B BER—BASTBRENES . BXNRESSHATE
SO, BRI RFH RS L XRAR ST BREE &
FREARTRARWREA.

FE 4 ERITF IR, 10]H RS, A S I
THEEMERERTMESE.

TR Ew' Bl ERBEEAOLH Newton
RBEEMFY] v BERE—RS, R AW
RME(12) M— MR . HE—, R w" B
BRAZ(8) W— A, HRS(8) W2 BD LI
%A% (BD IENH: W ICER[10]) , WS 01 56 55w Fo4r
i w" BE, W BRMRHE v

ES AXHEEMERTRIBEEEOEERITE
PHIE R MBUETER . B IR S A RIE S
WS, B 2 RS A5 TR A AR LB R AR AR, URR
JRFBIR St .

4 F{EiIXIE ( Numerical tests)

Fi MATLAB &5 45 B 5 3 4 S8 H M B
M 7 R ARME R TEEE -9,30,57,118 15 .
8 3K 8 K. Pentium IV 1.6G MHz, 224Mbytes
RAM, Microsoft Windows 2000 Professional operating

system. WX RGELITHERILE L.

IEEE-118 118 54 186 236 824

OPF [H] &Y B A eR B A & v A B /), B

Ne

C(x,, x,) = Z{CW-(Pg,.) . (18)

A (8) o, K L AL A KB W R B, D
C.(P)=AF, +BP, +C.
A SHM B IEEE friER i . Lagrange 5
RIETERTHIYECH 0. 01. Bk ABISHERNT !
p=050=01,75=001,y =0.001.
B LR o = )]
1H (awp) |l
208" 1€ OPF iy # , £ Hessian 4E [/ HIXT
FITLE AN T T RESS . % 036 Hessian 45 B (1
WA . RRERE PR T X — & URIE
Hessian BFRIEEH: . PI00C KN v. AXEHB MR
5% Newton BRI MTINIRGE RNk 2 FiR .
% 2 % Newton Hikegit &R
Table 2 Computing results of the projected
Newton algorithm

= 0.00001. %4},

e i R T R T S < . S s e ¢ e s 2 S £ R T A SRR AT T T T T
o T e A PR S R S T L e N T A T S - ST

‘ e it
WkRGE WOOUE TR OBRE L0
IEEE -9 0.000001 66 5296.686 7 0.22
IEEE-30  0.000009 226 574.607 13 1.59
IEEE -57 0.000001 416 3176.541 15 4.36
IEEE-118 0.00009 1060 11133.181 22  23.38




H2m

0oog http://www.cqvip.com

B SRR AR KKT RGEM— 3B R H 3Rt 249

[T S0k [ 7] R sk b AT e, ot B4 R
m 3 pig.
A3 X#(TIEEGHELR

Table 3 Computing results of reference| 7 ]

, . B HER
MEAARLG W AR BRA W s
IEEE-9  0.000001 90 5296.686 21  0.84
IEEE-30  0.000009 298  575.009 17  2.36
IEEE-57  0.000001 544 3176.541 12 3.34
IEEE-118  0.00009 1404 11133.120 32  37.83

WA #2 M3 PR RK KKT RESHHE
KUTREARGEL .

[t 3 i SCRR [ 7 ) 3 B A phr SR [ Comnell K
% JF % i) MATPOWER 7 J¥ (1) MATPOWER (] ¥
BRI 25 R, L3k 4 (OPF 133 A T MATLAB 1,
A T RA 2t AR (LP) A& 82 — AL (SQP)
B

—— CHR (1] Bk
0.8 F -0 AU M

0 5 10 15 20 25
N
(a) IEEE-9-BUS

—i— A [1] Hik
08 L o= K H
06
[}

04

02 L

0

0 5 10 15 20 25

(¢) IEEE-57-BUS

A ICHIBER AT Newton 54k (4 3% A #2 A1 3L
BRL7 TRt Ry LE A LI 1. s B A
“NT ORI AR & ACSCHISR M, SRR
¥ /% ;1EEE -9 -BUS, IEEE -30 ~BUS, IEEE -57 -
BUS, IEEE -118 -BUS Ml i RRKIL S, Fmtr
I I RHE AR 9 15 51,30 F9 1,57 A5 AL, 118 R
MR RIARA . MR T ~4 FlE 1 A] AR MR
E I T AR R B R R R R R R
R, HSAREAIT BN A — 2 i

# 4 MATPOWER #) OPF i+ {4 %
Table 4 Computing results of OPF by Matpower

MR A5 BgA #ARE HFEREs
IEEE -9 5296. 69 14 0.53
IEEE -30 576. 829 24 3.56
IEEE -57 3175. 81 16 7.06
IEEE-118 - - -

1 4 T T T
—h— SCHR [1] ik
0.8 r —9- ALHL
06
w
04
0.2 L
0 lem-@- e
0 5 10 15 20

N
(b) IEEE-30-BUS

e K [1] BVE
—O- RLHIL

0.3

0.6

0.4

0.2

0 5 10 15 20
N

(d) IEEE-118-BUS

B AR
Fig. 1 Comparison of iteraiterations
BRG MY AR F IR T — R HE
Newton Bk . 2 SUH7 519 T 257 AU BUD 1R
R AR, R & T T HS0R - IEEE ZPRHIR
BO{H S B 3 W A SC AR R B A AR T B

5 #5i¢(Conclusion)

AAREB N RGNS BRI RAAR S —
WA i R A R4y TR R % 18, 5L T OPF
KKT RS %M M s R — 2 ARG 5
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