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Table 1 Rules of fuzzy control
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Fig.1 Fuzzy control model of user responsiveness
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KRAEL RE )T, o LS AR g 1
o, FEAE S S v SR A . RS 2 B ARk r
PRERAS A , T A5 7 11 sk %) 7 gy 8 K T 67 A 1] ik
Jam a2, TSR anE 4 frs .
1000 - szfrAifif —— RS ©fif
800 |—— 1 faf Hll Ja
600
400
200

0
-200 L . : : . .
0 5 10 15 20 25

I 18] /h
Bl 4 SEERGATE . HIRUE AT R S HLE 2 2k

Fig.4 Curves of actual load,load after

reduction and load reduction

A 55 R DR AT 55 20 Bl 45 T Js 1 T
Je 2 O JRE I PP A B, S BBt 2 T
T HIER , 743 AT DR G B S ith 2k, 1158 f
A 22 6L, A G A i 2 16/ T B B L, W) Sl i
PR IX AT DR G By gy 2R A S s

900

B fif /MW

E 5 DRHIEHTHHEITLL
Fig.5 Comparison of load curves before and after DR

SRJGTE I Stackelberg {825 55 0k AR 15 24 7 ik, L
PAFEA T R A W Z WA AL, RS
FI384F DR AES5 )5 , 85T k-means SR KT m
P AT 28 AR IEA T 7 Bl 25 5 5 B T A 2
L TP o o7 88 5k P 2 550 o R AT HE R o B 3R
AR 1IN E P U 2N 6 s

Hi &l 6 RIAN, T2 P m] ] 25 sk R AL o 1o B2 AT
10 PP m] o] 2 i 7 B3 v, T 28 P ] o 2

0.64

. _ SESIN
Lr BIES
43‘\&( 0.60F »f .
E A & .
= £~
T 056} ) .
S
0.52 ~ ~ : : ~
60 80 100 120 140 160
AR/ MW

6 HESE 1 WHRA kmeans Bk
Fig.6 User k-means clustering of load aggregator 1

/MEm R E R R A, T2
FRRSF-25 AT 3 75 543 ) Ol 41.068 6 MW 44,014 6
MW .38.686 5 MW

IESEVARSORIREES s s NSl iA= Pyt
FHPAES I, TRz, M2 PR B
JGo TE R DR AES5H, Epicbric oy 3R -,
B P AT ORI S £ .l s A 7 AT
LA O R P, 06t DR AT RICR o

AT HAL DR B, SO RER I XUZ BT
DRASZ R P 0 o A 2R Tt 2 5 1 21 1 P o
IEEXE DR WA EE AR o AT ST P AN 2
PEIS, 2 DR AT R WA 7 s, i SR &
FH P AN 72 P AR R b ok BE SR 3 B

700
600
=
S 500
~
1Z 400
300 == TR AN E
200 . s Kij‘&ﬁﬁ)j$ﬁfﬁi‘rtt.
0 5 10 15 20 25
5} 18] /h

B7 HEREFRITRAPTHEE DR HRITLE
Fig.7 DR effect comparison including and
excluding user uncertainty
*3 HREFRUEBPRBHEEMEIRIEIRIT
Table 3 Comparison of data indicators
including and excluding uesr uncertainty

BERbR HRHPARSEE Rt &P A E
TR 22 AE %% 14.79 20.80
WA/ Ti Tt 279.9 275.2
S B 7 ) i e MW 81.65 154.00

i 7 A 3 A, Yt B P AE E YRR, B
T B A7 A7 B A 15 34.28 J6, HE AT K P AT
TE PR ISAS Rt 47.9%  AELR R Ji 14§70 £ 30 0 A1
T 6.01% , H -1 1 {9k = 08 /N 7 72.35 MW, 13X
FORAERS AL PR BT T, 3 R P A
S AT LS e A1 B e 90 3, OO I 1 4.7 U7
JUIAS , IR T AR DR ZCR



& AH) ALK 36

IEWEAIL AR, SO EEAT 1 5 AR
Gx, 1% A IR B AL 75 2 1 T oK i i 45 SR 3k 4
N

®4 FRMEER

Table 4 The results of response demand
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Two-layer game model for demand response considering

fuzzy control of user responsiveness
XIE Yuqi', ZENG Wei*, MA Rui'
(1. School of Electrical and Information Engineering, Changsha University of Science & Technology , Changsha
410114, China;2. State Grid Jiangxi Electric Power Co.,Ltd. Research Institute,Nanchang 330096, China)

Abstract ; In the distribution network , the participation of flexible resources such as distributed new energy and controllable load
in demand response has become an important measure of load adjusting in the new power system. How to consider the
uncertainty of user responsiveness and balance the interests of multiple participants is very critical. In this paper, the fuzzy
control model of user responsiveness is established firstly, and the benefit function model of multi-agent demand response
participants such as power supplier, load aggregator and user is given considering the fuzziness of user responsiveness.
Furthermore , with the objectives of minimizing the deviation of daily load curve and minimizing the system cost, the upper
optimization adopts the optimal demand response scheme of the power supplier. The lower optimization obtains the best task
allocation between the power supplier and the load aggregator,so as to establish the two-layer model of multi-agent collaborative
demand response of the power supplier,the load aggregator and the user. A solution method based on Stackelberg game theory
and k-means clustering algorithm is proposed. Finally,the simulation results of historical data in an area show that the model
can effectively screen high-quality demand response resources to suppress load fluctuation under the consideration of user
responsiveness and collaborative of multi-agent interests.

Keywords : multi-objective optimization; Stackelberg game; demand response; k-means clustering algorithm ; uncertainty ; fuz-

zy control
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