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A synchronous ADMM algorithm for solving distributed optimal power flow of
AC/DC interconnected power grid

LIANG Zijun, LIN Shunjiang, LIU Mingbo
(School of Electric Power Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: For a large-scale multi-region AC/DC interconnected power grid with multiple dispatching centers, the distributed
solution to optimal power flow calculation is more in line with the information privacy and security requirements. An AC/DC
interconnected power grid distributed OPF model is established by duplicating the tie-lines into adjacent regions and
introducing boundary consistency constraints, and a fully distributed algorithm called Synchronous Alternating Direction
Method of Multipliers (SADMM) with no form of central controllers is proposed. With regard to network partitioning for DC
tie-lines, convertor stations are maintained in their own regions and only the DC transmission lines are duplicated. The
proposed SADMM is improved based on the Gauss-Seidel ADMM (GS-ADMM), by using the weighted average value of
boundary variables of adjacent regions obtained from current iteration as the reference values of both regions for the next
iteration, which realizes the parallel computation among different regions. Moreover, the value of penalty factor is rationally
determined based on the characteristics of the optimal problem, and the convergence speed is accelerated. The algorithm is
tested with an actual AC/DC interconnected power grid and two modified IEEE AC/DC systems, and by comparing with the
results obtained from centralized algorithm, its correctness and effectiveness can be validated.
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Fig. 1 Example of grid partitioning into two regions

by AC power transmission line
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Fig. 2 Example of grid partitioning into two regions by DC

power transmission line

min Y f,(x")

keR

h,(x*)=0, VkeR (5)
s.te gy < g, (x")<g, VkeR

Lf; b

s RFERMG XX IR ES; Xk e & HX
1k AR X il AR, BIG)RIZN4)
W AR
2 KESHXEMETE SADMM BE
A8 L L HE D A s L A SRR K (5)
S BARRET s TS LR T AL MR
FEAL, AR H ADMM S35 300 A7 SR
2.1 SETEE/RE ADMM &k
AR ADMM 1] %3k h 2(6) B
min f'(x) + g(2)
_ (6)
st. x=z
X (05 g@) N BARREG x=2 WILFHREE LR,
N KB FTTRE . T2 DXk ) 25 2 oA A
SAHRATE AT, AT R Y X S e Ak i) st
1, A2 ADMM SERHES: .
Fasprag B H 7 B =(7) s,

L(x.2.9) = [0+ g() + ¥ (x = 2)+ 2 x =],

(7)
AH: y HPAFEIHIR T p HEETIA 1. Kk, 7f
22040 T A R i (8) s

X! = argmin( £ (x) + (y) (x—2') + §||x - zt"Z)
(3)

2
zt+1 _ argmin(g(z) + (y[)T (le _ Z) +§ xt+1 _ Z|| )

y1+1 — yt +p(xf+l _zHl)



Bekesy, &

TR FLLHIBE I A A IR 122 ADMM 73k - 31 -

X, ¢ IEARIREL

JEUHAR i x Rl g AR R A AR, Tk
SRFHIE T DU B Ax) Y ) A A I eR 4L
A% B H 7 FEA7AE 5 05 . ADMM. g AE Hods ik
FeS. HSHHE rT R IE =X ) s

r,= "x’ - z’" )

SO E Tk FI[107%, 107 0K B v il I
JIT SRAG ) 25 SRt A2 AR 10 8 (6) P S AL A
2.2 ADMM HIEI$LitE

BT 26 R ADMM 7R3 T £ X35,
AT R A — N DI, e
YOEARTE R, SN I A T3 AT ZEAH AR X
BIARAG T S 45 AR SR ) B R AL i oK
JEARERAT, TCIAEI S IR AT R 5. JF
H, A FR T Z SR 2R 25N DX ) JoB
LG R b A W H e 7, X KKK T
RF. b, KA ADMM S e sE
JERNS, FEAWSHE LA RIARE, R TR
MRS Ry, AR 7R B AR T R 7 (0 R T AR e
WREZARME R 5. K, AT A s
I DR ) A0 kAR T B ELAS T SR 0 i [P
ADMM 511 (SADMM).

5, @) A5 S AL S W
WL 5E A7 2 A E =R (10)Ab 2E

W) (=)t pr2fx -2 =

pr2lx -2+ o)y -ar2p)|y[
i T (10) S XA LW B s — W0k e AE, 1E
oAbt FE by Z2ms . [AE, () A AN FAE
[FIFEIAREE, R R ®) e A i =X (11)JE 2

x""" = argmin(f(x) + %"x -7 +u "2)

(10)

7' = argmin(g(z) + g"z -x" —u "2) (11)

ut+1 — ut + (xt+l _ zt+1)

e
u' =(1/p)y' (12)
ARSIt & WE — AN E S %A, A
RTEAR 2 T PR I8 X 3 AR R TR
DLSEIR A ARG I RS 5. [BESHEHH -
AT BRI AH &I P A X I 12 5% e SR 1)
BRI, Zostn=XA3) .
K. =K =h(x',z)=Ax"+(1-1)z",0< 1<1
(13)

s K K AR IX G S AR B [ 52 S %5 {H
LA R A, R XU A A X
Sl 5 A AR X b OB ARA 2 1R 32 AR B B R
WA IR [ 2 22540, AN IR S 2 ik
AT, I SEEL T & XK AT R AL v
o TREGEEFEZZIEAA X A4)PR.

2

x'"' = argmin(f(x) +£||x K. +u|)
2 (14a)
. " ¢ 2
¢ =argmin(g() + Zfe~ KL+ u[)
Kt+1 Z/lel + 1_/1 zt+1
* ( ) (14b)
K;+1 :ﬂ’le +(1_ﬂ«)zl+1
u;ﬂ — M; +(xt+l _K;+1)
, . (14c)
u;+ — u; +(zt+1 _K;+ )
u, =u'
(15)
u, =—u'

i 2 2 Z MW EIEAARTEN, WEES
ADMM (PSR, i 2 FEe Sl g A o P LAESK ]
SE S A AEAA G5 RN 335 AL«

h(x',z')=x"=7' (16)

AR AT A IEAR RN S LK, 2 RE
SRR E LR . w13 A R EE
W I 4=0.5, RIEUE A48, Ui [ e 2% (H
(P TE A2 N(16) K. A SIS A {HRHT A&
R, R A AR P X 310 AR R o A AR R
B AR RN T ANF A 4, AR R ) X 5
MP0) N T 4=0.45, A8 A4 /I8 1 DX 338 J0) 6 2 T 5
2=0.55 o IXFF ISk [FRE 2 2 X (16) sk, H
REFETH S e Sk B
2.3 SADMM XS HXNRMEHRNSEGERIT

LR

SADMM IS 5 Sk 4B S T p 101
KEMWK, p WEMIASFHEES S AL
TH SRR W S 75 AR il 2 L 2 2 ANk
S, T 45 A8 T LB R R 20T 2 s A
SRS A, T BEEAE ST T p M EEA T VA
i

HEA:

B=p/2 (17)

p X (8)FI(14) AT %, F 4 X005 AH AR DX 311
W FAR RSN TR A LR e ST R



-3 @A &R B R

AR L, 5 XIS R ={1,- - bk, R} 5
SE S H DIk T ITAT T s AR, A X I S A
A1 X 5 TE D208 £ R P i e Y T IR X R 4
%%my|mﬂ%%ﬁ%é%%,m%é@§%8
ﬁ%ﬁ%mo%M@ﬂmy%ﬁjE?BﬁWﬁ%
%ﬁ%ﬁ,ﬁﬁﬁﬁm%@ﬁﬁ¥;%uqzwi
TR AT AR IR SAFAE T PSR R DXk,
RT3 P A DR AE AR R p TR ML s S S,
A 2320 FA1 s 0T I R A 51 IR 7 3 TA 5k
,Bj,h,k =EW, /(|‘Mj| -1)=
ew,w, (M| 1), hk e M,
K B, R T AR h 5 kTS 5L
PIRETT R e 220 T e Siom 5 | N4 JR 22 15
w A ST RE A R R A
e MEUE /N s SR SGE s, R T
SEWSIMERERARTEOL T ¢ MUBUE, ASCEf I 19)
2 AN

(18)

e=n-y-10* (19)
e ARIBCRE, HAE S PB4
BRERELL S AR BEHUEAR G, H 0.1<p<3: y Kl
FERE, HAE Mg il S s s, AR
WA S BHRIASF N EES T o IR

JE AL, AR LRI A SIORS B2 75 SR €
X AAZ i I % 2 1 1 (1) M S AH AR XI5 7 5 k&
w5 IR RE A5G, BT XUk A KR
AR DRI PRI BE B, RTINS w (BN )S,
PTEAS wy, 5w 1 EUAE 5 AN XA R L 5 ),
Sy (LGB B A BIEG W) w EUE TR R X (20)3K 43 .

Wt W, W e wy, =1
{wh Iw,=(1/8,)/1/S,), hkeR
XTI BRI B AN R, 3L w E
G HEA o 29 v T I A PR I T B3R D S A Ak B
MR B AR AT AT 00 W — /N I 1) B i v
BN D = (1, i, DY, FOEBIPIAKIR
IR 2 5 BT S SR80 — 5%, 2 H M
5O AL S DI 2R R D ok 25 T U 2 5 A% i D) 2 AH
e 28 i S ELIRZEAE M B4 Ze 2 M DX 30 il by
in M i WU w BRI PTAR S X (21)2K 15
Wi i :szwf =D
ieD
w,/w,=(/P)/(1/P),i,l €D
[, PR P AR ER i AR FNES 145 ELIRER I (A0
SEALI I

(20)

21)

g5 Bprik, SADMM S5 73 X Rk AR
TR 3 Fs
X Ik X dskk

Y% S = PN B 2, 0’
K!.jeH, heR KlicH, keR

ML AN 4
55 AL, oL
Hkh s

LS/ e 1D N NN
M5O, B

S M S

t=0 =0

m A (14a) T4
AR S 3 2,

WL a0 (14a) HEAT I
M s

(A Az

TR Al SRR BL
R e A LB
ij TSV S 1

MR A X 540 X 3L A7
T E e 7 (14b) 1 B A

A A X5 40 DX 1 A R
F T B i 5 (14b) 157 A
Xz H I EHK , [

L1 4e) 8 [1=0+1]

K ZHNEf K . [
[=r+1]| bR 40) B ol

WS T,
& AL CRIORS 2

VeSO I,
SRS 2

[ 3 SADMM HixmitHifi2

Fig. 3 Calculating process of SADMM algorithm

HAAT D IRUTY

) VAR x) 2, ugu)» icH,,jeH,,
kheR , FFHHSHEEM K MK, .

2) ARIGWIZ RN SR 73 IXAE DL, 42
(IN—REDBEFEH WS 2 =0,

3) XM TAT— X8 &, T (14a) AT T
JET A ]

4) H AR DI IR AR A X A Al
B, I HAMOR &0 DX I A >k 32 5 A e o
B, .

5) M AT — X8 &, ik (14b) THEA X IR
— IR EN S % e K s (140)
K T

6) 3 I WSO 5 (9) I W =24 i A2 5 0 A A
SIORGRE ISR, i L UIEARGS I, S L p 45 2R s
WORI RN =r+1, JRIDEER )RS
3 EHISHh

3.1 BHINE
DURE — i B KRS AZ L L 35k H A A Oy [] 22



Bekesy, &

TR FLLHIBE I A A IR 122 ADMM 73k - 33 -

ADMM SIEHIIRA RS, BT BISEAR A 1% 5255 RSt
500 KV fe LA ERIAE R . LT S Bk 739 4, K
AL 124 &, T S04 437 5795 4 YANTgl. ¥
I HRLEE 3 4%, a8 YNOI—GZO1.
XR—BA. ASGP—ZQ. A H i BB M-S 4
ANBGE, B  4 AN, XL 14 428
TR LR FN 3 S R 4 H B, WK 4 s,

4 R—LHRREREKENMNS X TEE

Fig. 4 Example of an actual AC/DC interconnected power

grid partitioning into four regions
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