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Networked evolutionary game-based energy trading strategy for
microgrids considering incomplete information

ZHANG Qi-liang"?, WU Jian-rong'!

(1. Automation Department of North China Electric Power University, Baoding 071003, China; 2. Baoding Key
Laboratory for Condition Detection and Optimal Regulation of Comprehensive Energy System, Baoding 071003,
China)

Abstract: With the rapid development of distributed generation and microgrid technologies, energy trading strategies in
microgrids have become crucial for enhancing clean energy utilization and promoting microgrid construction.
Incomplete information in the energy trading process leads to decision-making uncertainty among participants, which
affects the stability and reliability of energy supply. To address this issue, this paper investigates microgrid energy
trading strategies under incomplete information based on networked evolutionary game theory. First, a networked
evolutionary game model for microgrid energy trading under incomplete information is established based on the
strategy updating rules of microgrids and the main grid operator. This model effectively captures the strategy evolution
dynamics of trading participants under incomplete information. Second, using the semi-tensor product of matrices, the
algebraic form of the energy trading model based on networked evolutionary game theory is derived. On this basis, an
algorithm for computing the game equilibrium set and a criterion for determining the convergence of the energy trading
model are proposed. Finally, a simulation example verifies the effectiveness of the proposed results. The proposed
method effectively analyzes the impact of incomplete information on the evolution of microgrid energy trading
strategies and the convergence of the energy trading model.
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Z IR I

iM4+nN J=1

( )h(t -1 =

2  M+N

Z IR I

iM4N J=1

V(A % Ay % .. Ayyn)

h(t—1) =
2M+N
Z J(

X oedo,0,...,00mn} ={0(0,0,...,0),
7(0,0,...,1)5...,0(1,1,..., 1)}, A A=
N;,N,,(Im+n ®Nh2)ﬁ 2 Fh ik FE, W Z, =

h(t —1). (22)

Ay Agxooox Ay v B 2V 3 5 H Z, €
M+N

{ o1 017"'7Z02M+N}' = H th(t)ﬁ
j=1

=
2M+N$EF1£T4:EJ 6{ 019 017"‘7‘]0'2M+N}'



HxH KEE S AEAGLTATRLRUBRENME R GRS K% 7
T BRI R RIE 5 5 G N RS, o BRI, GV SUR-IT

RS BRI AR B 3K, SRS HE T A [ S s
BRI T %25 &5 PR EA TR, FEMNiEE
>R A SUR-L, %F LEMG F1 MEMG [ SR 46 75 72
ka(t) = H w2, ha,(t) = Hih(t)
{kQ(t) = H, x_, h,, (t) = Hyh,(t)
W Ky ()RR F HINIZE 6 LEMG BT i 5 (1)
REOE K, k,(t) R F HBINIZ E B X MEMG fitit
SIS IACEOE R, H R H 53 5 3% 5 o W3S 7
% LEMG Fl MEMG [#) SUR-I 4544, it (23)
AT, 3 HLIE B R A SR AL T R
k(t) = ki (D)k,(t) =

oM+N
o Z Ja(

X H = (H(Iw @ 1ov) HI (1w @ L)), k(t)
FIH A 11, 12,21 122, 11 LR T Bz E &
TG A B AT RO 5 12 R IS E R
(RS g i i A AR i, 21 FoR EHNIE E
P () SR AR A B R i i 22 FRoR N IE
ISR AN A AV Ol B (10) AR
(22) A8, #EHFE SUR-II [Hu, ISR EAL T FRER R N

(23)

h(t—1) (24)

w;(t+1) = F'Phy (H)h, (t)h,(t) =
oM+N
E Z T, ( h(t —1). (25)
X B = F“”H1<I>2 Do A TR Y, FUD

#& SUR-II &5 M FE B, B3 (14) A15X (22) AT 4%, ik
& SUR-IIT FIUL, SRS VAL 7 FE N

w;(t+1) = F'"h,(t) =
E" Z J( h(t—1)  (26)
X B = F}”” (Iovr @ 1o ), FYTD S SUR-IIL ()
SERAE R, H2X (25) Al (26) FHFR T3, LEMG )
BRI TR
= E* Z J( h(t—1) (27)
X B =B« B« ...+ By, ik (13) 1R (22)

A4S, 1 SUR-IT BV, I SRS IE AL T FE
0yt + 1) = GUVhy, (DR, (Dh, () =

oM+N
E Z A

= G;H)H2W[2M,2N](IQM X (I)QN)a W[ZM,QN]

h(t—1). (28)

X BY

HIEE A . B =G (15) Fial (22) AT 44, &% SUR-IIT
IV, ARG T RN

Uj(t + 1) = G;H[)(le X IQN)h(t) =
E Z J,( h(t —1). (29)
A By = G§””( v @ Iyw), GV JE SUR-IIL (1)
ZE R FERE. H2X (28) F1X (29) AT 15, MEMG 1)
LN H S L A Y
= Ev Z J( h(t—1) (30)
X By =B« By« ...« BB 27) 1 (30)

FIFE T 73, LEMG F1 MEMG 1) 3844 SR v Ak 7 FE A

z(t+1) =u(t+1)v(t+1) = Oz(t)h(t—1). (31)
At 0= (B« B L(OZ., ofi 2
ik, MENO € {0,,,0,,,....0, , ). LB
2MHNFY 3k B, Je € oy Jonse ooy Jop w1 H
P{J,=J,.} =p,.. H O 7] 15, P{O, =
0, )} =P{J, = J, } = p,,. £ F 3, H4ET
VEAE A (31) XA 5825 B AR N I0E W REVE A
T WIS S e I 40 A

3 AEAEREBE T BRI Z B Kk
ST
Tk e X BE VR A AR (31) FRAEAE R IR IR 2K A8
P35 BEUR 2Z 5 TR W Y A 3 2 1 o B AR 45 8 n & 44
BEXFZ ), W REIRAS A (31) #EAT Y 4EAL L, D
ERE R AT AT . 4 2(t) = ()Rt — 1), &H
3 (18) A= (31), FIA3Y 4k RSt I1) SR M& AL 77 FE A

2(t+1) = Q=(t) (32)

oM+N

e Q Z J, jL(I)QMJrNZUj, Qﬁ2M+N$EPjZﬁi

Q{0 Qos Qo JAP{Q = Q.. } =
Do.» Poresn SEFERHIE. & Ez(t) %R 2(t) AU
B, AT LA 2|

Ex(t+1) = QEz(t). (33)

A Q= Z P, L®oriin Z, RARRIEE, Q

TR R R G RS, g
WAL M .

W1 sy IR A S B TR
R (16) F M AW ATHBIEIE QY 4 R 4t (32),
SREWE A8 N 2, YEE N 2MHN g R B 22N AT
B A e 215 B MR E AL OV AERE QLR R



8 = % 5

*OR

FxE

Y A5k (32) DTN A ET SR A
SRV RGE, ELQ I — AN S BRI, AT A 75 S0 3
AR B+ T DA T 24 M B AT A SR
FE B KN T V5 2 B, (LR ol T 2R R TR
0, I HL QR — AN 9 F7 e, 7T L@ 155 Q
R VKA HT 2 G s A 3o R AT A R SR e b,
XK T 4307 2R B R s P e
R4 TR S (31, WD R — A
RS A, WX T & (0 2(0) € D, 4
t > OB, #H# 2(t, 2(0)) € D, W AFIES DA
25 SR (31) (T2 B A
RS FRASEAS SR (31) b4 RS T 1
PR BT D = (a7, 2%, 2}, WX T AR
z(0)Flh(—1), FAEIEBEEE € ZT, 18113 24t > ¢,
P{z(t) € D | z(0),h(-1)} = 1. (34)
IS, (ar) RoR oy 10— BRIk, & RIS A
=, () TP A SRS 45 AT S — B A Bk b S s
zi, B Ey(zp) ={h|Lx h=x;},l=[1,7]. B &
Ei(ay)={a;, 25, ..., & ), BT HEREG (32) 1

MRS NA= {2, 2],...,2), }, 2] €D,
j =15l
I 2 Uy 4ERS (32) RelE A RISt T 2R

W EE A ART, BRVRAE G Y (31) Refs 4 R i 8T
IR E A D.

WEH: R BT 4545 32) ¥R
WSk T ZR I 4R & A, BRI FAEE 2(0), f7A7E IR %
¢ e Z*, 24t > O, P{z(t) € Alz(0)} = 1. th

P{z(t) € Al2(0)} =

P{x(t)h(t —1) €

{7 x Ei(z;) Hz(0)h(=1)} <

P{a(t) € {z;_1 ., }Hz(0),A(=1)}. (35
W3 P{z(t) € D|z(0), h(—1)} = 1. Bk, GEIER 5
B (31) Re A RS T ZR 4 46 & D.

CREME) B RETE A Z AL (31) RS 42 RSk
T EES D, WA TAEE(0)FA(-1), FA7E
ezt bt > ¢, P{z(t) € D|z(0),h(—1)} = 1.
20 (19) 7743, X FEEME > &,

{P{x(w € {z_j}Hz(0), h(-1)} =1,

B{A(t — 1) € {Z,(x}, ) He(0), A(~1)} = 1.
(36)

2(t) = z(t)h(t — 1), AT 13 P{2(t) € A|2(0)} = 1
Tt > ERROL. 4R S (32) et & RIS T8 5%
WS A A RAL. O

M5 2 W3, ¥4 RS (32) SREVRAS 5 A

(31) FENCSIIE 2SR A 1Y), DR, W f eV A 2 A 7Y
(31) BTV 1) A AR T 4 2R 4t (32) MLt Tl
LR MY E R R (32) WS T I 2R AR
HE HEN.

EHE 1 P YRS (32) Red RIS T T gR
EEA, BHAAAAE D IEBAT <4000 {115

AL
i (éT> = 1 m4n.

WEH: R CRFALE—NT < 4V ff
2330 (37) BOL. T AGIERH 24t > T, 38 (37) 788 &

~t
ST é,\@(t)zzéi Row,(Q ), 4t =T + 11},
AM+N .

Col,(0(T + 1)) = 0(T)Col,(Q), j = [1,.4" ] .Q
W4 %) ot 2 2 MR 1H O(T) = 1w, 715
0T +1)=1lywen. & T>T+1, F 8 7] 15
O(T + 1) = Lowen, FrEAR (37) ¥ F ¢ > TR K
S G QI TR B XA P{2(t) € Alz(0)} =
X FAE R I 2(0)Ff ¢ > TR, R 48 R 4t
(32) AeA RS T A.

(SEW) CHY 4 RS (32) BEAE RIS T A,
HIfFET € ZF, 3t > T, P{z(t) € A|z(0)} =1,
Fh1 Q 115 g 7T 1,

{Z (@), = 1.j = [1,4+)],
(

(37)

39)
Q),, =0, WHirn ¢ A

Al =X (38) k. IEBH A7, O

THHEY % R0 (32) MEZR M HT 4 A A E D

* 1R,

F1 HEEENEHEANEX
FEL TR A
A Q
B A

LA A =0, Ro=Q,1=1, k=20
2: while | < k do
3: form=1tok

4 forn =1to k

5 (R)mn = (Rizt)mn + (Riz1) i (Ri—1)
6: if3i € {1,2,...,k} such that (R,)),, > 0
7 A=AU{d};

8 end if

9 end for

10:  end for

I:1=7+1

12: end while




FxH

Kt F: AR ETAT RARLEHRQHME R AR S R% 9

SEFE 1 AT I BV 2 5 1) ) 4% Y5 AL TR g A 2
AT — A THE A B S B T REIEAS 5 1)
WS ) e HE . ST < AR B4k RS (32)
PRI S mes J — AN BRAE. R AN, AR OB s L T i 95
A5 W AN 5E A A B AR R A A O MR e R
Bl M T 7 4 1 6] i FL ) R 905 52 5 D TR 8% s A 1R 2%
BT (1) 52 B oy i 72
4 EHHIHT
4.1 THFBMIRRIRZE 5 P4 AL AR AR

KL S 8N 5 5 MEEIRAE 5 i,
WAL T 25 B/ B AE BT il i I REVR A2 2 I 3R
WAL BN A, HERDTE & 26 1 T BRUR 2 5 HEm R
M. BBIRZ 5 S 58 H: 4 D LEMG(ER A NU,,
Uy, Us FTU,, F B 73 5l R 7R Ny, ug, us Fluy),
3N MEMG(RR NV, Vo MV, HIER 5 5K Rx N
vy, vy Flug) R 1A HEEE (RN A, LA
TR N k). BRI SR BE T KLU 9 SUR-L Uy, Us,
Vo RNV, I S0 SN A SUR-TL, U, U RV, 3R
W SR U A SUR-TIL. 35 13k FEL IR (1958 5 Hic 8 1 5
WS BB R U IR, % 5 5 3 10 & SR IR s AU
U 2 B,

WIFEARSENE N, (1) = 2, uy(t) = 1, us(t) =1,
u(t) =1, vs(t) =1, v,(t) = 1, vs(t) = 1, ki () =2,
ky(t) = 1, A5 58 10 MR HEmE R BT A3 08 2
HCy =—1,Cp,=1,Cy =1,Cy, =1, Cy, =1,

Cy, =1,0C,, =1, Cx = —5. FEMLHEIR I B, U,
LA MEMG #1752 5, Wi v —1. s E
BESE FIREVR A B I N 0L, MEMG 5 LEMG 2 [H] ]
ReIRAC G Mk s, = p. BN O < py, B SUR-IL 7]
B, UE R — A8 Gy Ik R SRS R, (t+ 1) = 1,
KHUAE T —RIEFEE TEMNESEREITLS. [
FEM, 7T LA B, (t+1),i € [1,4],v,(t +1),5 €
(1, 3| FAK(t + 1). T bk, B 5k S AR 158
5% 5 2 IR AW S SR ms SRR AR B X0 R
FIl =
6,[2,1,2,2,2,2,...,2,1,1,2,1,2,...,1,1,1,1,2,1],
FlM=4,[1,1,1,1,1,1,1,2,1,1,2,2,2,2,2,2],
Fll =
6,[2,1,2,2,2,2,...,2,1,1,2,1,2,...,1,1,1,1,2,1],
FI'M=6,1,1,1,1,1,1,1,2,1,1,2,2,2,2,2,2],

Gl =6[1,2,1,1,1,1,...,1,2,2,1,2,1,.. .,
2,2,2,2,1,2],

Gl =6[1,2,1,1,1,1,...,1,2,2,1,2,1,.. .,
2,2,2,2,1,2],

Gl =6,[1,1,1,2,1,2,2,2],

H' =6,01,1,1,2,1,2,2,2,1,2,2,2,2,2,2, 2],

H! =6,[2,2,2,1,2,1,1,1]. (39)
W LU AN E SO0k L I e 28 &) TR I Je T

ST S 1 AR B TR M ERIRAS 5 1

5 2 AANTEAE R TR MEEIERS % .

x2 BIME5FENEAEE

& ki
I 11112 11121 112222211 112222212 112222221 122222211 122222212 122222221
Ch, -1 -1 1 -2 -2 1 -2 -2 2
Cu, -2 -2 1 -1 -2 1 -1 -1 -1
Cu, -1 -1 1 1 2 2 0 0 0
Cu, -1 -1 2 1 2 2 -1 -1 -1
Cy, 2 -1 -1 1 -1 -1 1 1 1
Cy, 1 0 -1 1 -1 -1 0 0 0
Cy, 1 -1 -2 1 -1 -1 1 1 1
Cr 1 7 1 -2 3 3 2 2 -2
- S
200111121 211111122 211111211 212222221 212222222 221111111 222222212 222222221 222222222

C, -1 -2 1 1 1 -2 -2 -2 -2
Cu, 1 1 -1 2 2 -2 -2 -2 -2
Cu 1 1 -1 1 1 -1 -2 -2 -2
C, 1 1 -1 1 1 -1 -2 -2 -2
Cy, 1 -1 2 -1 -1 1 2 2 2
Cy, 1 -1 1 0 0 2 3 3 3
Cy, 1 -1 1 -1 -1 1 3 3 3
Cx -5 2 -2 -3 -3 2 0 0 0
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* %\ Ext

FEAE 56 1P, A5 o 72 s RS 2 e B 11,
BIC (17) i w, (¢) i 2 BA T R 53 A
P{w,, (t) =1} =1, P{w,,(t) =1} =1,
Plw,, () =1} = 1, P{w,,(t) = 1} =1,
Plw,, (t) =1} =1, P{w,,(t) =1} =1,
P{w,,(t) =1} = 1.
A h(t) = )i h,,(t) <3 b, (1), RBFIHES 5
Pl B ST BRI 2(t) = xi @, (8) %3, x,, (1)
RoRFTE 25 H B IR IE# RS, fE 5= 1,
h(t) = x(t), H (18) FI15, 15 1 R M BRIR AL
oy (R SR AL 77 72
x(t+1)

(40)

= Lz(t) (41)
Horp:

L = 6,,5[81,7,81,82,81,82,82,82,81,81 ,81,82,81,82,82,
82,7,7,81,8,81,8,82,82,81,7,81,82,81,82,82,82.7.7,
81,8,81,8,82,82,81,7,81,82,81,82,82,82,7,47,7 48,
7,48,82,48.7,47,81,48,81,48,82,122,7.7,81,8.,81,8,
82,82,81,7,81,82,81,82,82.82,47,47,47,48 47,48,
122,48,47,47,121,48,121 48,122,122 47,47 47 48,
A47,48,122 48 47 47,121 48,121 48,122,122 47 AT,

AT ABAT, 48 48 48 AT AT AT 48 A7 48,122, 48].

I LS E T ) RE TR A T AL RN
k(t) = Hx(t) (42)
Horr:
H = 54[2,2,2,1,2,1,1,1,2,2,2,1,2,1,1,1,2,4,2,3,2,3,1,3,
24,2,3,2,3,1,3,2,4,2,32,3,1,3,2,4,2.3.2.3,1,3,4.4,
4737473737374’4’473’4737373’27472’3’27371’37274’2’37
2737173747474737473737374747473747373737474747374737
3,34, 443433344434333].
G 2 b, A G R R BRI A 2
B DR RN ERER &E R 2HS
52 005 EA N2 2 UL TR A5
Plw,, (t) = 1} = 1, P{w,, () = 1} = 0.5,

P{w,,(t) =1} = 1, P{w,,(t) = 1} = 0.3,
P{w, (t) =1} =1, P{w,,(t) =1} = 0.6
P{w,,(t) =1} = 1.

(43)
L z(t) = x(t)h(t — 1), WY 45 H 0 M RE

VRAZ 5y SRS AL TT TR N
z(t+1) = Qxz(t) (44)
At Q €{Q1, Qs ..., Qr } HP{Q = Q.. } = ps..
WA EEAEE D, A
Dogs = 0.14, p,.. = 0.21, p,,, = 0.06,

Pogs = 0097 Porir = 014, Poiig = 021,
pt7125 == 006 pglzs — 009

BIL R HEQ,,,j = 85,87,93,95,117,119, 125,

(45)

128. Q,, FIEUE T

Qoee = Qoos = Qoryr = Qupye = 0214[10241, 10241,
10243,10243, . ..,15552,833, ...,
6142, 6142, 6144, 6144],

Q‘787 = Q0'95 = lelg = Qo'125 == 5214 [10241,
10241,10241,10241,...,15552,833, .. .,

6144, 6144, 6144, 6144). (46)
& Ba(t) 7R () A I, i (44) 173
Ex(t +1) = QE=(t) (47)

:—EQ I:F‘ Q = po‘s5 Q0’35 + pdg7Qo‘s7 + po'g3 Q093+
p095Q095+p0117Q0117 +p0119Qo’119 +p0125Q0125+

Dorros Qoras - T HEIG T HL IS 1 RIS 4 AL 7 F2
HN

k(t) = Hz(t). (48)
b H =6,02,2,2,2,...,3,2,...,3,3,3,3].

4.2 AEEAE BEXE M EEIREE B KIS 2 i
BETES LR MERIER 5B (41) MG
52 EPWE%‘:%}E (44), WA EH 1, 1H 5= 1 PEsfE
B T HIRIRAS 5 Mg &3 2 56758 5y WS T 5k i
LA D = {017, 052, . IRABHEIE 1 w48, s 2 A
TREEEFMHTHRREL S BB EESN

A { 33697 33707 33777.' 510253 510277 5;(7)285}’ )l%‘

QAT (37) W18, M T = 68, X (37) M, Bt
52 PTG B FHIREIEAS 5 SKg &1l 6 4
LWL T SR A A
i FH MATLAB 73 5l %16 5 1 flig & 2 i
W RE IR AE 5 SR W () IR AL S &S Bh S AT WAL, 15 5
1 5845 B A1 T IR Ak R X R VR 5 5 1Y) A SR
AL W] 3 PR RS R 1 PRI =ANY)
U TR N 0L, 0% FTOIZS 15 B BIATT (4 SR W Vs AL B ZE
WE 4 FioR; 165 2 A2 E At TMERIES
SANIERNE R 6310, OS2 FNOLE% ) 45 BB ) SR WG
AL EWE 5 R,
m 3 RTE 4 AT, 7R SE A (s BAA FAEEY]

1=128

~F L RBEY

E3 sx2fE

B THIBEIR3Z 5 RER A E



% xH Kt 5 AXEETATREEAFHRGRE MRS fk 11

T
_
n=128 ©—X(0)=015
n=120 e X(0)=055,
—o— 032
n=100
n=80
n=64/
h=&s
D
n=40 4
n=20
n=1 1 1 1 1 1 1 1
t=0 =1 t=2 t=3 t=4 t=5 t=6 =7 =8

I i)
B4 STRf5 8 THIEEN s, 60 0125 H f 4L s
(07, MIFS 5T

S16000

Io,,l
10000

s

6200

Is,.,

s
=1 =2 =3 =4 =5 =6 :
i 1)
E5 AEEEETHRKRELOL., 0512 L0 TR

AR A L R B RS T SR ES D =
{017, 052, }, I B J5 7E SR B B & D P gk AT Ak, 18] 5
JEIR T AT R IR B = A WIAE SIS 7E A 76 445 B 5t
TREAE L. BB S AT, T E BB RN,
TS (R AL LA — 8 IR 2R ) 2 7 1) A, BB A
A8 5y BEAT , AL SR I B SR B T 1 o, X 30 T 3R
WAL I A, R 2T 6 A8 5 Jm, SRS s T 5%
IS AL

T A R 1 ORI S 2 (A I AR TR AC S T
gt T LUR B, 718 B & AT T, 58 5 SR B
e AR R I TR Y TR, BIFESE 2 N G G
SIS, WA SR I A T B VR AR AR TR A T A
AEEFEEAMHT, Z5EHTHRZHMS 58K
WA IS, A JE 7 56 SR A S AT A PR PR o,
S B AL R BN R AN E I, B
WS B T e 1 S B HE R A AR AR, AR SRR SIS T
BEN. BB 00T, 5 BN S AR IN T R
I 2 ) f B 2 1, {13 R G T 2% ) [ N 2 S S A7
MBhAs AR e FRAS, T80T AL SN 1) 3h A R
G AR . IX B AR 2 VAR 7 L 45 R R BT
AR AT 0 2, e 4K ol F I A 8 ) R D P A T

B ANEEAATT I ia AT MRS E Pk iE BANAISE . (R, 52
oy Mg A7 B 8 BN AE REVRAZ Zy Lk vh A
S, HE R A B HE A I R SR AN 5 5 &
GRS E BT

5 4 ®
ARSI F AL R BRI T T A 2R R

S AT AR A R S B R S LA A5 B LA S

w:

1) JIr4i H 0 2 T 19 4 0 A 19 2 B0 A i IR e D 52
Gy RENS B SN 5 2 5 E A E % AF T )
RIS EAL, W7 T A B2 S BX BEIEAE &) SR IE T AL
MAGREIERIFE W, A8 T 0 SR HHE T
T AL 5 RGE s AT AL

2) Frd A S SR A AR A B SR AN R
RE RS 2 A5 R AT SO ) ) 4 ) Ay 1 % SR e A 9
BT BRI, B RIFHIY R

3) 5 FLA5 R, A58 A A5 2K I A e I g
V55 5 SRS IS A R R ARG E , BlE T P iR
AT S o O RV R 2 25 1 B B SRR BV B A R,
TlCE P BEVRZE S WL e Bt 1o AL

AR TARKGH G LT J5 [ T — 2 5 T 5L b
TlCHE 3 8 T 5 1R 52 5 B0, o SR BT R U kAT
PeAk, SETHEE Y R HER I — 2 787075 FE W HE DY RE U
A5 R 2R, g o L I S ) B 3 A B,
ARRTDRE i3 A 2R AR RN O I REVRE B R
LI A By I AE AR T, T IS E T SR 5 3
5 1 E B I R e TR SRR
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