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Consensus-based collaborative control strategy of real-time
economic dispatch in active distribution network

CAO Yong, LI Pei-kai, XIN Huan-hai
(College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: Aiming at solving the economic operation problem when large scale of distributed energy resources ( such as photovoltaic, wind
power and energy storage) integrated into distribution network and to improve the real-time ability, robustness and flexible scalability of the
control strategy, a distributed consensus-based collaborative control strategy was proposed. The power sources were controlled in a distributed
way. The optimal operation point was realized in the condition that each power source could only collect information from its own and its
neighbors. The results indicate that the proposed strategy is effect in real-time economic dispatch in cases of peak-valley price, intermittency
of the renewable energy and power fluctuation of the load.

Key words: economic dispatch; collaborative control; consensus-based algorithm

N 2 I 285 R A 25
0 51 & FE G R 2 A T 1 B AT 2 BT A
0 & N Mo [24] N K 3 S
ORI A RS R U B LTI TR K ik AL A
" i o R L o T SR R L
BB A T 0 8 R 140 T B A M R X po i i I R . O
KL I Cactve dictribation moter ADN) By ORISR A5 R, 50080 41 4477

o o T AESLRRE.
BT, R AR R K R wf e O |
I RO 547 AT I 9 4. L 51 25 1t oA DR RRE UL T A

s HER 2016 —11 — 14

B TR : F5HATR R (8637 HHal) Ve BIT1 H (2015AA050202) ; I [ 48B4 4 Ve DT H (51177146)

PEBEA 0T (1992 - ) , 58 WIVTRM A -H- 2k , 3238 DR 2 e 9 L e 7 605 E-mail :21410181@ . edu. en
SEEEERA I, 5, 0% P/ . E-mail :xinhh @ zju. edu. en



. 634 - HL L

™ % %34 %

BGOSR LA N R G T R, ) B AT
R HSE A 4 A B S R, R AR A B
DA B Jeyii i A AT DL g il 8y o0 A 205 i A 20 H 48
LG ST, SCHRL6-7 | 48 H — b £ B A T AT 0
TRRHG , (VKR FL 7 2R GUAAR 1) R AR 2R 58 42 00 L
Wb SE B B 2255 73 T , (L SCS BEAR X 2218 . 3C
Bk 8-9 T A2 (P SUAS TR R A D ARS8, R T — 2K
PRS00 2% K P ML A IR 308 T — 20, AT 2043 52X
WS T RGN AT o HK LA 2 i 7 X%
JE B R JRRPE B — | [RlE, _EARS  oR A R R A
HUA LR, SCAR [ 10 ] i i 51 A BN AR S i
fifRe 7 R LA R A WA, (R I A T B 2
RS AT Z2 G B AR e 2 6 H br. it
Hh WA BT IR RE R T BEHLIE LA S 225
it S DU A SO 5 0 BE A1, H 5 28 5303 [m] il
KK Tk A

T BB SN AT R T R — 2O, S
— i — P PR )P A, 7R B 1 R O O R
AT CHB AR PR C R I v 25 2 L TR D D) R A B L 285
S Pe A

1 E S0 M5 S B J= e

= B Y R 48 (cyber physical system, CPS) 23 15
XHFE R RGE I T I RN R Y B R G 1B 173
SRAPERE L F B R — S SR g CPS, 2
ST HL P ERAE BAUZ S AN 1 R .

AE RIS
FREZ
agent 1 agent 2 agent 3 agent 4
m i e
DR R P g PR E
(RS
L7p~
ZULES

K1 FEShCH MBS ESUZ S5

I T AT P PR A0 45 2% 2 B s A
W4, 5 BRI A RGBEE RS, FE)Z
L5y PR 2 () 3 O R RE AR K . R BE AR oh
foi e R G LA R AR A 5 AT AR A . B—A
RE AR BEAR 416 108 15 i 12 WO 3 A9 DL 2 AR IR 2 R A Y
F OB R AT A IR AR B R P 4 4
HTERAT # SAAT , A0 a6 15 2 38 15 4 438 25 A 28
REIA

AR E 6 = (V,E,A4) k{5 EZEM
AN, B G P V=3l F ALV = fo oy, b
E— JEIRHERK E C V x V;A—SBEHF A = [q;] e

R"™

RBHSERE A hiay— H1 (vy,0,) BIRGE, Q12 (v,
v;) € EJWA a; = 1,50 a; =0;N,—agent i £B/E%
REARIEES N, = 1)1 (v,0,) € E},

D— Al G R ,D = diag(d, ,d,,+d,),
Horpd,—agent i SBBEBEARM B4, = )Y, i
L RERRIER L = (1] = D - A,

2 F G S 2R T AR 1Y

FHLE T, 32 3l E R D) ST 28 5% 43 T )t 1)
s BRI A B D R L 5 A 38 e A T AR Ak
2.1 HiREH
PLGEIMAL SRHEHL A RE LA S = A 32 1 7 AR
Afe/NR BAw, R eREAT R
Min Y Co . (Pg,) + D Cyi(Py.) + Cpy(P i)

iel)g iellp
(1)

K0, ,Q,— FEHLSERE TS C (P
Cp,(Pp)— [l & WL 5 6 g B WL A R 305
C yia (Pgiq) — ST 3 W0 L A
Coi(Pg;) = ag; +BeiPe; + yG,iPi,i
CB,i<PB,i) = ’yG,iP?J,i (2>
Cpia(Pa) = price x P
APy, — R T 500,86 v — A HLAL
A RGP, — AHEBEH Ty, WO R, SR 1
Yo, — T BE A R BP0 — ERTEARE M B 23
price— FE R SBAGIG 2R
2.2 HREH
(1) TFFHLR

zpk,i + ZP(;,i + ZPB,i +Pgrid = Zpd,i (3)
i i ic0

ielg iel); iellp

A FATAN T 45 WA IR P DL B
Py ATRLE B L HLAAT 5 8 10— A e EH B
£3P,— D

(2) FHLET 5.

LR 2 LK 53 S L L S
R et ST 18 25 5 B e 2
s B IB IR % HLI S 1 T IR0k

Pl < Py < P (4)
Aefr P 5 Ltk 3 T B P— T 2 BL i
ER

(3) fAEETLIET T

¥ BRGSO B
B, SOC 11T 11 Bt Aot ) T B4



56 1 55,45 RS0 HL RS 2R A I Y — B U (] 4 R A - 635 -
Stwi < Saa(k) < ST3 (5) TR UL, FEAT ST 5 R RUE B TR T b i

A5, () — BRAEAE b B2 RTR IR 420, 52—
B L BB o
AR 1 SRS, AR A 7 B8
S () = S,0(k=1) =Py ()55 (6)

A Av— IHERE K E,— fERERY S 1

b, SRR LR, i RE i 2 B ) b TR
PIR IR N

Py < P, < Py (7)

APy Py — SEREFTACE 1 TR

(4) HALH,

AP A RE IR A R AILAE Y 07 E S I AR PR E A e
FE AT L Sy A1, T L R — SRS [ 3= o 31 2%
Uiz B = W E AR AR P, =0,

3 ZProrECR O R R A

TEVM R FE ) Bk S e, 4555 RE A 42 FE A {5 5L
DL B ARSRE RE AR LA T B0H b B, AR 4% i 45 4 il
PATER Y PR G ) 5 R B A AR A MEAE S,
WG 7S A AR RelR k3% B AR R S .
3.1 EAREHH

RGP E— N Re R (bR M 4 B etk sk )
RN SCHRL L6 ] B 09 25 0 1) ) — B ML

2 (k+1) =x,(k) +& Y a;(x,(k) —x,(k))(8)

L e— — B IC RS e > 050, (B) — T hE
A ks 20 B RS
M ETTRE Y, SRR RS E BT
— B, R TRE 2U(8) —BtE UM AT Rk K 1%
g
X(k+1) = WX(k) (9)
s h— AP H, X— RS AR, W— 34K
TR
PEACFERE T
W=1I-¢L (10)
2t R ZWEA, RERRE T SIS E]—
AT RE A o — R FH A5 0 256 S R A e v ) R 56
LTS BCIRI R, IR R
Ag = A7 PI <SP, <P
Ao, <A,P,, =P"™ (11)
Ao >A" P, =P"
AP AT — HPRRARIE R A, — P BRI A
ATAIG AR RV AS R IO D) 380K 3t 5 e— TR m] 7
oG, BRRIZEAL AHRE LI b M

HBLAR REARI T 5 MARE , AN T 20 A B s A
TS RS B — B U b RS AR 5, RIRTSE 2
A1 AR 0 T B AT 21320 B A G5 4, DT {8l e, )
B RGIRBNA TR
3.2 SHXhEIEHEE

PERR A H6 A R IR AT — Btk kAR
WA — TR & TR B 154 1F, 175 e 2 1Y 45 2R g
5T A AAE I E AR 5 oK o AR C L I A T B, A 32 R 1R 4
RS, WA SCHEEAE T RE 980 I5C H 190 3 32 M il
SRR 25 A i LA o 1 1] 32 0 1Y S 4 4R AT LA
S B TC FEL T A8 ) S  [) A 308 1o B 4% 2 R B A S st
WEPRHRER LR D)2 ARAE 5 3 Y5 SR AS T 22T
Bheh 5 ZAHE R ReIR , F LUAE BGRRE T5 58 A8 1F 2o
o FARBIEWT -

(1) XF A B 5 B LK AR JE B B I A T R A5
AL IR SR T
Alk+1) = A,(k) +¢ Zaij(/\i(k) = A (k) + pdf

(12)
oA, (k) — BREAR b B 2000 AR S0 56 u— T3
TiZ K, Af— PHREIL

WMAZE ek 5 R e iRl (5 i n > 0,
B p =0,

(2) #4E A, (b + 1) P PR A P il i 2 o AN TR
A & LI 7 2R T, 3 AR 4 2 SR S £
P AE,

SMALLL AR A LA R DL
_A(EB+1) =B

Pk +1) 5 (13)
fitihe :
P.(k+1) =A’(§;1> (14)

(3) RGEIHEEII wAf o BeHL W rh AT A AN 22 R 1
FIRE AR D3 22 , 1 L 7% I G L I 28 5 s A7 I Al 20
F B FE R RORA Y 3, B IR G A R
TR Ak P28 G2 7 A ) ) 238 A 22 L B 32 T R A7 % P P, 1Y)
SVHIBATHIRZ N, TC R 0 v 9 4338 5 F P S
SEL, 3 RS IC R ] S8R e ST R L I, BIMEART 8 2
g 250 AT LAIE 5 32 A5 B0 78 HLC R 67 1 AR A6 AN 5
M) 32 ) JE A F 3 VR BE TN T

Af = P, (price = A, (k)) (15)

M (15) ATLIE Y, 24 E R AR 255 0, 58
HTE I ) AR U 8 R AR S5 I, R R 3 0 32 1
HEADEN 0, YUY R/ ia 17 451 = 0 38 fig
8 LU T 32 0 4 AR 48 45 D 3804, 10 1) 1 A Gl 34



- 636 - HL L,

™ % %34 %

5 32 AH G UL Y BT EC I LA A price [n] 32 A HL .
F, D) FEL A1 55 B 24 2k 1) 3R 0 El S 4 I 4 2 1) R e A AR
15, I HAAAE T 5 ZAHE R Re R
3.3 BHEZEHARLIE

b X A T A T SR 1 T 8 R M A
o KT AR TR N BE 08 W 22 s 1T, A5
BN R LA T 3 bR G T — S R R

(1) AP HURATE G R B 2%, R AL S Sk
TMAILEE [R5 ALY A pR B — IR pR B, i DA H: A i
HESR R B IR sSASTEAE S 0 — R PR . — O T
TR 7 b T BR A 0 AR T R R 7 A S
B RPN AR R D3 T BRSO
FR , [RI 2 AL LA TR 2 # i Je T BRI N 8] 2 B

ARG 2

PIKW PIKW

2[RI HLISAS (o 25 3 R i o ]

(2) RERELL K AT F A R USRI R A IR 4 . RBRERY
JRAS BRECA 3o B a BR) —  pR B, T DA AR (ol 5
Ao S PR — U PR, T LRGP L [ 25 HL AL
ARUE A R BRI RAR L, 2 Ul S BEAY 1 )
BRI, FERAS TR AR AR, T 24 6 E ) AR/, O
JAS A FRAR N BT LA — I 75 6F e AR Bl 6 23R e K
PEAT IR AT R IAAREOK . S A, AR RE VR Y
TIASRIEE , HIHAA D i i B s g7 2, AR 13t
FEAARN i A— BRI HA e fe RT3 Y

4 i BA B

ABEFELA—A> 14 75 5 /NEL 32 Sl S A 00 A 491) 46 i
JITHRSAA B IERR P, BC I — U5 A LR RE Ml {5 45
N 3 fis o

PETTTRRRY > fEE
PR 9 10
1 : HERPIT o
P R . B 6 78
(- -

y
AT o
@ o |

T |

agent 3
B T \ @

I NG @ :
TEIEBT | el (g e emeeeeeemmeeeeemeeeeeemnneeaenn]
agent 1 T B CRELE >
LT
agent 2

WL

K3 itk 14 95 B RS

FEANTE RGP B /N S AL (GL/G2) (P

Abfififie (B1/B2) DL K W 4k mT p-A= B IR & H MILAH B, T
FL DS A T A 1 SRR R E W P, agentO A X 2% 2k 5 B
A, T 1) agent] %386 32 X HE A DA S I 45 4 T R A
Fo EERE e BN 173, PRI R E w B R 0. 05,
agent Z[A] (R385 R AUAEAR  @AE LKA 1 s, IR
WAFEZ B IR B 1 s, ELAAR Y W U K 32 ) 2228
mE 1w,
1 FPHEMNZHESH

LB a B v PM™/KW  PM/kW
Gl 0 2.0 0.04 0 100
G2 0 2.0 0.025 0 100
Bl 0 0 0.18 -30 30
B2 0 0 0.1 -50 50
grid = R AR S R L U price =8, 4% price =5

M T RGAR H AT, Sy T AR IE SR R i S HLAA
BIBATIS RS , 75 SN R 2D H ALY AR S AR A i
MR N T AT LUA G B AR T R 78 18 17
T IBATIN PR, W 2 S SRas AT P 19, G2 Y JAS (1
AW AT R 7, /N T 32 0 JR A G 3%, e
DLs ST I P8 Ry o B ek B

A =0.05P;, +2.0,P; , <90
{/\ =0.35P;, -25,P;, >90
41 BELEREREH

RS VLR AL P LA GO 2 B 19
D 8 AR A 3R prrice =8, AN R % W $5 , (B4 4R
RS T A BEVR T 45 kW, I G AL 105k
50 kW, 0 5 i BE 11 77 4300 Sy 20 kW, ) 3= ) g H
35 kW, I B faf iy 220 kW, IS B A 47 E P i 151 4
FIrs

(16)

=~ oo

R W

T v T T )
0 50 100 150

t/s
(a) RRARIEE thik

t/s

(b) EBiFHA
Pl 4 w07 B

WE 4 (a) fin, 250N 0 B 2088 A il 43 A X
Sy MO 1%, I6C R 0 A S B R TR A A% PR Ml ik
B2, [RTI p T R ) F A T 0 P L R A R 14



5 6 1] BB AF R EhlCH RS R 2 IE A — B bl R SR AT - 637 -

FELUR B2 LA A5 A1 19 B AR fl 38 23 3 2 T Pl ) 1) 97 £
FELAUNE 4 (b) Jizs , e 9 1] 36 90 i I HL 6k 0 50 s
B, T AL PO 67 g 385 o 20 kW, 5] B ] AR BB IR ( RG2)
TR 10 kW, B 20 il 32 R X 4 TR BT LA
1E 50 s B, R DPRA — AU ), (H PR 5 5 45
AR, T Y S, I e RO R Y
TR PR H, G2 Sk 1 R A, AS B 5% 0T 4 A9 fal 388 R
PRBCIR 4 07 1A 530 G2 1Y M 3 A g i e g /N T
e BRI & o 100 s B, B e 99 671 e U 20 20 kW, it ()
251> HL U BB A% DR R L L ) 9 8 2R 0 AR GG
RE . M 4Ca) nT LI H FE o 7E F A s 04 30
3 3k PR R U 7 B R R LA R 4y A 2 P TR 4 o R
3z F A R R AR E L B AT A
4.2 HH2: EMEREBEM
A5 BB A S R 1 58 4 — B,
() 3 IS 265 price =5, R W RS W] AL AR TR
730 kW, 5 FZEALH 35050k 30 kW, 1 5 fif fiE
143900 20 kW, 0] 3 G HL 20 kW, 1 s 7 far
150 kW, Z¥BF R AN 7 ELE A 5 R

T v T

M T
0 50 s 100 180

(a) AL B B

P(KW)

0 50 ’/'S 100 150
(b) HJF W A&k
5 AHETEAIFEE

[RIRE R G AE O I 2B A P [l ] SR, 4 5 (a)
PR, 22id 29 20 s (B AUS RS, BC R A B 22 U
I, SRSy I FE R G g e 50N, PR R JURE LA B /Nl
AR R 2 S A, BT LA 1] = RO HEL 5O 0 50 s
I, RGN 30 kW, I5C L 19 A 1S FEL TEEAS RE B8 1/ ]
TR R A O T 19 2 T R I G, B LT R R Ok
FIF PR 0 L D R 2 R 14 RS folc 8 AR R AT HY 7 [RD e 1)
ERIHL . 100 s B, ] FRAREIRALAL RG2 H K
0, A AR A LN S () Bz, M FE 384 i 5 194 P 8
HLZH th g 0h 5 25 T BOL A RO 36 i T R
JIv LI FEL 00 RIS L T ) £ T 050 T T 2 o 1

A e i i, R T R ZR an &l 5 (b) BT
5 Z5WiE

ASBIFE T = % T BT A E A R R L R R R
L SHALAE [R5 BB AR TR 25 R B ol , LA A
JH 25 R TE A B 400 23 SRR T AN it 5 6 A i
P& T, A RO B Sl AL ) b (eI Bl R R
T AL E R A A 2 Ra i Tok, iE
B IE UL 1 A 7 S IUC L 19 S IR 22 T A pI A il vh
P N RS o

AWEFE H AT R B T 5 — i ] A A 22 5
L, 5 AR A7 FE Aok R 70 T R AR S A R mT 4 B iy T
VEARZS SRR, L, AT 5 A ey A 2K el 52 BRLRE — i i) B
DA TE FEL I P e D0 285 20T

2% 3Lk ( References) :

(1] JE %X ARph 0, % S0 RE T AT E3hRCh
P g A = IR PR AR [0 ] v ) B8 A 4k, 2014,38
(9):192-203.

(2] 2300, BRZ Y, A il ) RGE L5 S fif 3 B AN T
SPERIEIL AL T ] - AR ,2006,23(30) :41-44.

[3] PARKJ, JEONG Y, SHIN J, et al. An improved particle
swarm optimization for nonconvex economic dispatch prob-
lems[ J]. IEEE Transactions on Power Systems,2009,25
(1) :156-166.

(4] ok, £ RVEEM, S SRBZN L BirshS 0
ZRREELT]. B MR ,2015,39(5) :1315-1322.

[5] XINH, GAND, LIN, et al. Virtual power plant-based dis-
tributed control strategy for multiple distributed generators
[J]. Iet Control Theory & Applications,2013,7(1) :90-
98.

[6] MUDUMBAI R, DASGUPTA S, CHO B B. Distributed con-
trol for optimal economic dispatch of a network of heteroge-
neous power generators[ J]. IEEE Transactions on Power
Systems ,2012,27(4) :1750-1760.

(7] B &, FEH L, i, 25 UM 817 i A B
e Aems [J]. f R 58 H 8h1k,2015,29(21) :30-36.

[8] ZHANG Z, CHOW M Y. Convergence analysis of the incre-
mental cost consensus algorithm under different communica-
tion network topologies in a smart grid [ J]. IEEE Transac-
tions on Power Systems,2012,27(4) :1761-1768.

[9] YANG S, TAN S, XU J X. Consensus based approach for
economic dispatch problem in a smart grid [ J]. IEEE
Transactions on Power Systems,2013,28(4) :4416-4426.

[10] CHENG, LEWISF L, FENG E N, et al. Distributed opti-

mal active power control of multiple generation systems
[J]. IEEE Transactions on Industrial Electronics,
2015,62(11) .1-1.



- 638 - HL L,

™ %

%34 %

[11] GUO F, WENG, MAO J, et al. Distributed economic dis-
patch for smart grids with random wind power[ J]. IEEE
Transactions on Smart Grid,2015,7(3) :1572-1583.

[12] ZHANG W, XU Y, LIU W, et al. Distributed online opti-
mal energy management for smart grids[ J]. IEEE Trans-
actions on Industrial Informatics,2015,11(3) :1-1.

[13] Bz, &R, 2mil, % BT EEYIARGEMWINE
T ST P 8] F— B i IR Sk [T ] L T AR 2
#2.2016,36(6) :1471-1480.

[14] XU Yin liang, LI Zhi cheng. Distributed optimal resource

management based on the consensus algorithm in a micro-

AR5 AR

grid[ J]. IEEE Transactions on Industrial Electronics.
2015,62(4) :2584-2592.

(IS XURIR, 82 R, AR 31 R mT I A% 67 0T 14 7 B2 000 H 98
AL E L] E H AL AR 22 4z, 2014, 34 (25) - 4250-
4258.

[16] OLFATI-SABER R, FAX A, MURRAY R M. Consensus
and cooperation in networked multi-agent systems [ ] ].
Proceedings of the IEEE,2007,95(1) :215-233.

[%REE. 7 ]

BB I, . T ShC D S 253 iR — BohE P R R S T[] AL TR ,2017,34(6) 633 - 638.

CAO Yong, LI Pei-kai, XIN Huan-hai. Consensus-based collaborative control strategy of real-time economic dispatch in active distribution network[ J . Journal

of Mechanical & Electrical Engineering, 2017,34(6) :633 - 638.

(HLH T ) 2435 : http : //www. meem. com. cn

(L% 616 W)
e A 11 fos .

400

300

200

n/(r + min™)

100

0 1 1 1 1 1 1 1 ! 1

1 2 3 4 5 6 7 8 9
t/s

11 110HPM 2 e Sl L i £k

HIPE 10 & 11 Al DL, L BLES 3 A 5] 400 +/min B,
PR 4, 1% B S BT JEE 58 W T e e R PR UL, 55 O IOR
U SEBRENIRARH RS A AR X K i ) 20 i B 553
PEREA W R 13T .

5 Z5WIE

AW NG T IRA 2K BE RS LRS54
B ARG TR AL G K RE TR A5 v WSS R BB R AR
JBe R PR BT R A B R VI S o D e R
FEL TRIRERE S BRI 4 . Tad A0 HTR A A mE bl
2R AT R A 2K G LK RE VR 0 S e DS
PRI IR £ 2 455 W0 T LA 28 T A R ) 4 F ML R 55 i e
R, 3 3 S I T B ST Y IE R

J5 S RIFFE I HE— 25 X T 3 e VR 2 1 L
T ZRR, SR B R A SR R A s gk Tl
TE K B 1) 25 e S HIL IS 0 530880, 6 30 T £ 1 %

(LTS

2% 3L ik ( References) :

(1] e, MRS 2, 55 (2 TR Rl G TR 7] 20 v ML G i 45
F B HEREVEREL ) ] BCRF AL, 2007 (7) 1 12-15.

(2] BARRZE, B 6 H B, 45 V BUKREIR S BU T 4501
SSREVERE AT T ] ML S I AT, 2013 (12) :5-8.

[3] MORIMOTO S, SANADA M, TAKEDA Y. Effect and com-
pensation of magnetic saturation in flux-weakening controlled
permanent magnet synchronous motor drives [ J]. IEEE
Transactions on Industry Applications, 1994, 30 (6) .
1632-1637

(4] BUHSE. KRR 7B 7 R B shpLLT ] /R Tl
K2f2E 47 ,1978(71) . 71-85.

(5] JBUHE. JR e 70 7R 25 i sh L <BR e % [ ]
IR Tl K241, 1979(3) :88-97.

(6]  Fohh, BRECEE, (R, B ok RIR & 23 i Al 25 i sh bl
[J]. L, 2015(5) : 19.

(7] G, R W% SRR KRG R IR RSV
PR KR LT ] B pL,2014(7) :84-87.

(8]  BREHE, Bri Bt , 0o, . B sl — R R Z i 5
PRI RARIER LT ] AL, 2012(11) :67-74.

(9]  Eohs, B B AR G P S HLERL T . %
HHL,1991(5) .4-7.

[10]  EH AT, BRI, 5. 22 BEL S AL R 50 i

I —— R RR A A SR S HLL T ] B AL, 2013
(8):1-5.

[#mEE: 5k %]





