9549 % 4513 1] 2 hH ARG S HEH Vol.49 No.13
20217 H 1 H Power System Protection and Control Jul. 1, 2021

DOI: 10.19783/j.cnki.pspc.201050

E TR EFR RS UERITE

XNFH A, HiFE

GhHAZ S MU BHFTRELLRET (FHKF), T4 KA 130026)

RS, RRBL, AW, 547,

THE: E0HEGR TR A SRR 5 5 S SORTE 1) 15T 2 i) 01 TR B B AR AR S, a0 7 A B AL
FEARAFEAS 00 3 SIS & TR A AE 3 20 A P 3k 28 (b A 3 s s, R4 Mk e b bR o 7 B A o
MR A RFIYILG TR . 50K B AR SO st LRIy, 32 T 5 F BN R PR B . A
FFRH T ) RGBT E A 7, AHE N=1 R 45 15E U7 70 DA ROR 3 B R e S5 1 TT ek B s S i R
A, DS R A PT RS B ER PRI L, 1SR BCN e B M IR AR AR AL B AL . T 1EEE-7 5 iy FESERR
37 4. IEEE-118 F I =AM, I8AE T HHE R RIA 2ok

KR ROTBERL: BENLIER s RFAERE; TR Bl

Optimal power flow calculation method based on random attenuation factor
particle swarm optimization

SUN Shugin, WU Chenyue, YAN Wenli, LI Mingnan, LIU Yujie, YANG Bohua
(Lab of Geo-Exploration and the Instrumentation Ministry of Education of China, Jilin University, Changchun 130026, China)

Abstract: The traditional particle swarm algorithm has shortcomings, such as premature convergence and the inability to
find the optimal solution when the problem is complex. Thus this paper analyzes the meanings of the terms in the position
and velocity state transition formula and the absolute values of the terms as the search process progresses. On this basis,
the transfer formula and initialization process in the standard particle swarm optimization algorithm are improved.
Compared with the existing active target improvement methods, a particle swarm optimization algorithm based on a
random attenuation factor is proposed. The methods used in the calculation of the optimal power flow of the power
system are analyzed, including the N—1 particle dimension setting method and the thought combined fitness function with
the penalty function to control the possible out-of-limit situations in the optimization process. Then a more complete
calculation process and optimization model is obtained. The IEEE-7, an actual 37-node network and IEEE-118-node
network are used to verify the validity of the calculation method.

This work is supported by the Science and Technology Project of State Grid Corporation of China “Research and
Application of Key Technologies of Large Power Grid Pre-dispatch” (No. 5211UZ18006K).
Key words: particle swarm algorithm; random attenuation factor; particle dimension; penalty function; optimal power
flow

0 3IS

LI (Optimal Power Flow, OPF)J&—ffi4g
HEE T RAKTF S 2N, 2N
T RGBT 00T Al RS0 dp i,

HEHLIME: BRERAHR BT “ K& ® A XK
AR R (5211UZ18006K) ; & 7 MLz &-F8 R F Gidy A oAH7-F
& KB HRHF 5 F KR B 8 (3R219K960537)

L gl R AT PR e 1, RS ok
HAREE R, W] DO &A X SR B i
LA 2 i RV SR ARTT,  BlSE OKPHBE. W1
RE ST 2 F 0 R e B 5 A A ML A F R A
FERBY, A s BRI R BCR I, DL
T 55 WEEREE AR e A R A
JEEBY, - RR HL X R A o LR A R U P oK —
Mo PRI R A TH AR BE S 5L, N
TR IRILZTERFIN, ORI T SEPEA R R



-44 - ® )& EY5EH

KT HE % (Particle Swarm Optimization, PSO)/E )y
— R LSS, T ISR
FEE PR A5, R A T SR A 5 e A 2 ) B A ) A
Wk B AR B LA L B S i in o, 25 R
BARM A FREE B2 B bs 15 g fe it
7] RRILO-LSE  (H AR A7 76 V22 AR Ap AR e 1) il 02, [
U, TEEI T REIL E B EE, WEEARES R AR,
SRR E S 2 7 AT — 2 e, DMiHE
O] A SR B A B 2% R S FL A IR 15 0, I B A R
(A A ek R s 240,

HAr, #H TR EEme, s H
(7 R WP RS S G AL SRS, 20t K&
MR ZH AR SRR MHLAE S 77 % . SCHR[16]7E
LU R IEZ A HARIRTIE T, E@r i i
AR AER, TN AR AR, fifs
B, 1SEIE BT R . SCER[LT]HE St )
iR S NGNS 7 R AT Vet =1 T 7 A N '
T AR B I, 456 R BORARHE RN ek Py A
%, PR BB SR X AR g R R
SREAT SE & BRI, SRV A AT 7 RN R 2R 1)
e #E, HAEFI AN AR TR, RS
B2, BATH AR K .

AL G TIE ISR, B RE S TFah
M Emmib it 5. SCER[A81HR H T —Fh#E st
AR, JRiE EE e IR, K2
H b i U AL B B BR AR AL R R, A 2848 P et
TRESVE SR R AT 5. SCRR[L9) 48 TR -k
KPR EETER A ST BECEERRAN, s
SN P SR SE IR, [ B P S
THT TGN FE AL . SCHR[20]38 ik 18 5 9 2 (1) 471
B AR, A A — N DR T I R ST
IR A TS, 15 BB ST I R R AR 2 4 IE AT
SR, F USO8 i) 2 ) AS T 3 4
(P J6, AT SCRRE BT Hh — AN T BE T &
SOk, G SR [L917E B2 iy WS SRR T SRS B2 1) =] e et
P BB SR i R N $ 3 . NS BRI RA AL R
A DU S vk T R RE B BN SRR . IR
R 2 A 2 1) SRR 22 11 il R Y, (TP BRI
SO BT R, AR =AN T T T it
@O SHPREE LA, (67 2SR B Lk 1)
[ B IR SR s @ S SR IR A I R AT
b, F 1R SEEAE AR U Ak i 4 N 5 T USSR
@ TERL TSN F /o RGUETR LA %3
A ERL T4 E 7, TR S AR AR T
BE A AR BRSO, 0N FE 551 BR B AT H

AR TR — i T A AL ek PR R T AR A

BRI E 5. B, IR EaiERGS
HRTRE: G, RS R 88— AN P
B [TV WA RS B, B PR 4E R
KB PRE L AMAIE R 1 15 B B N 5 s
1 fENFEEERHEKHGE
1.1 bk TRERE

B B AR R A0 R D 4E, KRR N
N, EINAKET, MR D 4. i M1
GBSV

X=Xy, X500 %p)  1=12,---)N 1)
ZRLT I RAT I AT E N
V=V, Vi, V) 1=12,--,N 2
AMERRAE A
Pbesliz(pil’piZ’”"piD) i=12,---,N 3
BSR4 R RE N
Opest :(pgl’ Pg2r s pgD) 4)

LTI FRNAERS, P R R,
BEE R N

Vi =WV, + G (Poegs = Xi) + €15 (Gpegy — X) 5)

{Xi =X, +V, (
b o M, AT woABIER T oA,
0~1 YulHE W 321N A . X (B) ENA T =4
R, H R TR B, S TR
THYER R Seis s a1 56 AR TR
THICIZ, W TR ) H 5 P s A B &R
s, 5 =MoRE TRFIRIBHET N, KT
L 1) P [ 6 A 1) R A e AR A7 0 U a4 21
1.2 RFRRERRSHEBR UG A

SR A L 1 B R A A 5 R WA ST B N )
AR A, MO B FUIR Y T — RO T,
RIVEER H A5 sk 73 575 (APSO), 1Z5H 5 A i 3
SELEARMERL T VAR R 5l N T3 =AH
b s (BRI ER B AR ), DXl T B8 24 A s A g s
RIS E, (FRF Bkt R i, %me
FE 2 FIDRE [ A5 A 4 — 2 R0 BEATLAE 2R I A5 1) A
p,» ShFAMENWAY P, A RRAE g, RE A
B H TR,

TR B bR SR R R R R A N

V=WV, +C 1 - (P — X))+ 6

Cz'rz'(gbest_xi)+03'r3'(pi_Xi) ()

e o WFTIEEIZ I r JUEiEE 0~1 2 18]
IBENLE:  p, G ER H AR A

U 5 R SR B L R R e A AR 1 R ) ROK 3



iz, s

BT BRI 7R TR SR A A T 5 - 45 -

58, I H RIS N4 25 W Re IR RF TR IS S0
FE, AR5 UEERS, BHTH0 7R H bR s R A
WO T 5 2R o ARBENIE r, « 1, CRAGVERR B
PR py SN HIBEALEL) , X AR GE A A
HMEIN T BEHL R TS24

HIERIREE 20, KERL AT E AN AT
WG, XA RIS LR ORI I, oA
AT FRERL T B RS TR I & IR A AR
¥, REIHR R, JREIER W 5 — 20 Tr .

B, KRR RIE IR TR
NI,

Vi =WV, +C1; - (P = Xi) + €15 (Gpee — Xi) =

WVi +Clr1Pb + G0 Opest _(Clrl +Czr2)xi

()

esti

X, =X, +V, =X, +wV, +
€ Presi + €5 Oe — (G +C,15) X, =
WV, + €1 Py + Co Qe + (1_ G, —C,l, ) Xi=
WVi +C Pbesti +Co 00 + C1(r1 _1) Pbesti +
C, (L D0y +(1-c,—C,15) X,
(8)
ﬂgi'&ct =X =P 0, =X = Gp» G +C, =1H
B=c,, bR HERL 1 HE 5 I 7 8% J7 12 f 28 v
N
X = C Pt +Co e + WV, +
(C1 _Clrl)dl + (Cz _Czrz)dz =
BPoesi + (1= ) Gpe + WV, +
(C1 - Clrl)dl + (Cz - Czrz)dz
RARBEEM R HEAT, Q)b d, Md, Bk
ULA B W LRI, 10 R 3 SR FE B ) S ]
H, TO R BT R SRS, BRI w2 T Yk
(0, BRI (9) 0 fa =T e gk BE AL, B S A
VO TEAR R X 8] X AN o XTEER H AR s R
VRIS T R 03 B R AT 49 20 AH [R] ) 5
HR x5 2 (9) B 73 B $i H oy — BSuat 7 vk kL
R E RS ITIEN
X = PP + 1= )Gy + @' TX 1y =
Presti + B(Pocsti = Gpest) + & M
a'=a-y (11)
XA r o ABENEG g SFARTHR: o KT
BENLEIREE Ty R B SEIRE .
XTEE(9) 5 R (10) i Fe &AL Tl 45 R AT LU
PIECHI AT A ], FH A (Q0) 55 — T o - 1 - Xy
B T () &5 B LAY BB E 4 R X TH] X, A

)

(10)

P IRIEESR f5 =T WV, + (¢, —c,r)d, + (¢, —¢,N,)d, -
BT ) — B e, AR T A

KA REREET R o ANEER B AR OB B g

Hor, o o BABENLEG, KRR Tl B, R

CAREEI T .

1.3 RFEF IR LIS 2RI 5 0%

BT FREREL 7 FEERL T aa AL 2 BEAL
P TSN =R AN = A1) A g =S RS E A N
FARAIEAE T RE LLRCE, AT RESs H M AR Sk
TCIEWSCS B L2 B RHZ ) R, AR Y — T fig
RS ——IG AR KL 7 REE P i — MR I S 0k
B8 IR IS ATIRAS T IR LA Dy A .

T URE SRS 7E S I R BAR TR g EX RS
W25 LA RN IR 28 AT IRAS BEAT 20 #r, A A T
ST R PRIE A5 (PQ 2 R T SR AL 11
S MR TR I R o - K KR SaS ey R S
D 7 ERE LS 56—, B R 1P RR e AL
THEEA,

EHEAWAME R . — A DIEA R KT T
TTZIMT, 8 G T 2 A R 2O AR B DA
TR R — R B 28 RE g LR ARM —TT
A T RARPREE 4 AR A BERS TR S 51
ISR TT ), KORIRTE 1 BE I SoE B, RI—
5E IS 1) A R SC SRR R AR A B 0 o 1 JR 2R 32 1) 70 M e
AL IR P T S TA) SR GG IR 127 V5 R LR 1 o
2 ERMRHEE
2.1 WTFHESBMERE

FEN I, EETREWE MR . BT
(100 2 55 5 B AR I A0 A0 1 I 4 v 1) e L LR B v
€, Un G RBEHLRGNG], HTSEBrM L&
AUYEREZ, HPE S A AEE, T
RGADDIZRRT, MUEE ST RN A
i 7y, 4 iel YE v B yn—14E, A)

N :{PGl' Pear s Posioas Posiaar s PGn}
s N k4 BB I & 1 K LS
Psq 9P UK LA D 7).

RLE RS, U5Lhn SR HENLFEIE n -1 45 R4
)90, BEmT4ERE ERIRSI A n—1, BRE TAH DI
JIH EBRE TR fERLFHIURIT, FFERIEAE
PR AR BEATL ™ A — A T PR 1A BAE

WL BN E N — S B AR B A . 248
X B R G LT, B AR eR EC LA i
ANERRLSE R, ISR T SR IS R T R



- 46 - €& REP B A

fitli]= > {a;;P5 +a,Ps +a,P; +a,}  (12)
j€Sg

A Sy RITAKBILTRIES: PyRH A
KENLKADIH 1 a,. a, . a, Ma;, AR HEL
o HI h 2 R4
2.2 NTFREEAEETIRRSES
H T EIU R il 75 B 8 K LA DI e D)
) ETRRY B ETRIR SO BT IREASE
AR LA ST 1) S5 R RO AR 28, e T B
AR TR EAR R RS R0 4T S R,
48 FLR [ BT T R 2T RS 5, IMON A 511 R ) RELAR,
K12)iEsH
fitli]= > {a;;P5 +a,,Pa +a,Py +a,,}+mg(i)
jeSe
(13)
X, moIESI R, HAE o KT B
MIEEHER. BT AR KBIHE AT H
DR PRI AE T A U B B AN A e B BR AR
E, HARER RBARGBITIARE, BALEIEE:
fith R4 1 5 SR A o ORUESS S HERA A
Rk FETRPREORIENL T, AT LI RH
X RG L AIEAT SRR, HU A RS ST m A
FXIAEL R EE . 4 1 T772 8 - HoAthox
S L RO AT A R ER AL A, AR
m AESCH my,m,, -, my, Zr A0 T R B R 2T R %
Ao R G v SR A P 20 TR SR A B DR R
O FRIAT . g(i) N— NS rA WS H b
ZHRBIRAM A, BTN (14) s .

g(i) =max (0, Py — Poyae ) + D max(o,QGj —QG,.maX)Jr

j€Se
> max(0,V, Ve )+ 2, Max(0,S, =S, ) +
keSg IeS,
Z max(O,QGjmin _er)+ Z max (0,V, i, — Vi)
jeSg keSg

(14)
K Sy NRGEHITA T RMES: S, ATA4Z
PRIVEE G s Poy e NPT SR BAHLA DI 11
PRME: Qg /2% j B RKHBAHLIITEIIH J1: Qgjpax MW
Qgjmn NIy By FIRME: Vo S 70Ty
R TEANZR A s BIRR min AT max b % E Y
S UN PN
S R LT S B LA R i R AR
e 1 Fis.

AL HL Iy P ER T S R T HEE
I P

| VR £ A4k iR 20 A b |

v

s R S H T ACHHL
B Rz

— bR e EN

BTN

!

| wmnreRmr |

B 1 WFREEARNBRKERIE
Fig. 1 Particle swarm optimization algorithm with
optimal power flow solution
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Table 3 Running cost and time test results of an actual
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