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Day-ahead coordination scheduling of grid structure and DG active power output
in distribution network based on bi-level programming
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Abstract; In order to solve day-ahead optimization scheduling problem in active distribution network and achieve
coordination scheduling of grid structure and active power outputs of distributed generations ( DGs), load-DG
equivalent load curve is divided by improved fuzzy clustering analysis, and the partition results are adjusted on the
basis of DGs outputs dynamically; a bi-level programming model dispatching grid structure and DGs outputs
coordinately are presented based on chance constrained programming. The experiment results show that network
reconfiguration and the scheduling of DG active power output influence each other. The scheduling of DG output can
reduce the switch action and prolong the life cycle of switches, and network reconfiguration can increase DGs
penetration and enhance the ability of DGs absorption. The method of this paper can deal with the load variation
effectively, and distribution network assets and DGs can be utilized comprehensively.
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Tab.1 The optimal results per hour in model 3

WE T Py /kW P./kW Pp /kW P /kW S,
0 2310 250 0 600
1 2 050 174 0 660
;2 1915 159 0 480  33,34,11,
3 1 854 146 0 480 36,37
4 1915 131 0 720
5 2268 146 0 720
6 3573 152 2 800
7 3 660 158 35 800
8 3830 164 102 540
9 3730 162 172 540
, 10 3637 156 239 420  33,34,11,
11 3394 154 290 420 36,27
12 3276 138 324 540
13 3394 121 295 540
14 3511 106 267 600
15 3210 96 233 720
16 4833 86 142 840
17 6 373 70 71 960 7,13,11,
s 7319 62 26 960 36,37
19 7734 50 0 1140
20 7 084 43 0 1260
, 2 6138 35 0 840  6,13,10,
22 5169 29 0 630 36,37
23 4519 25 0 540
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Tab.2 The comparison of optimal results from different model

Ju

BITEH M IR BRERHAE B 17
s P P P wH B

1 1577 154 26853 28 561 57 155
2 3267 0 8 061 38 154 49482
3 2 626 98 9044 37028 48 796

AT 8 1K 2 A M BT 4G
T RAKEL ) il e Bk 2, B AR 1 A
MR I 2R EE R R AT R, 3247 1477 2 S i
FRIT S, MAEREX 3 il X DG Iy kAT
TEBE , REDA T 26 SR U, 3 KT SR 1 45 Y 73 i
2) AT IEL 5, B AEARE 2K 3 F 0 A5 A )
REMEIMAR LD DG HB#EA, S 1 RE IR A A I 2L
AR IGR T C L R 2 o A SUBE IR B BE AT, 3) i
AT 1 LARER 2 al g FET A 3 AR AR 3
LR G T B AR, Ul W AR S5 3% %68 TE FiE, 14 )
POZREEE 55 TR BE DG A D g 64T D 9 2 RE TR
— R T P A T P 1) 2% ) A IR A, 482 g TE R 2 )
IERS SV

6 %

1) 75 H i i 1] ROBE EA9F 5 TC A, 19 [ 28 235 44
DG At 3 5o O A I8 B2, s S — B T Y A IR

PC L R H ROC AR IS 7

2) AT BE DG 77 738 Ak 25 i S5 1 Ay T 45
BRI 25 5 R4 nT IR B DG ARtk sh &
RS ST R, O SR FH SO SO 3R 288 43 By i A 7 Bf
BRIy, o B A HERf A B T 3R AS B A I 4R gk
PR RE 25 5.

3) RAMZRE5 K5 DG P B — 28
IR REAS SE BT SRS DG B i EEpiAk
[ s R FHBIL 2> 29 ORI Ab BN RT3 BE DG BEAIL S
() IR0, BT ASH A Al 25 SR B LA W] 5 .

4) e HL I R 2546 5 DG A S i B o4 i i
AN BT AR Ak, A B R T R S 28 A s Y
fill |, SEPREC B 98 7 5 DG BRI LEA R, 4%
FI ST DG 1t 1 VR A B2 . I8 B DG
th T BEIS DI I B VE R EL, JE T OGR4 1) 15 T
LLEBEIGE N DG (M55 S = Re I A AR 3
SR T ECHL MTE YN DG R g

2% ik

[1] JEBR SRALP 50, 45, EFhBe i R AT HRIAFFE[T].
o L L TR 244, 2013,33(22) ( 12-18.

FAN Mingtian ,ZHANG Zuping,SU Aoxue, et al. Enabling technolo-
gies for active distribution systems[ J]. Proceedings of the CSEE,
2013,33(22) :12-18.

(2] faf &3, S, SO, 45 XU R B T L 90 o 3 A T R B 0
[J]. P E LT/ 241,2010,30( 28) : 12-18.

HE Yuqing, PENG Jianchun, WEN Ming, et al. Scenario model and
algorithm for the reconfiguration of distribution network with wind
power generators| J |.Proceedings of the CSEE,2010,30(28) ;12—
18.

[3]AMSA, FEaR, skl 2. FETHLS AR %18 DG 5 Hfir £k
AIECARME )] BRI, 2013(9) :2573-2579

CONG Pengwei, TANG Wei, ZHANG Lu, et al. Chance-constrained
programming based distribution network reconfiguration considering
multi-states of distributed generation and load [ J]. Power System
Technology,2013(9) :2573-2579.

[4]LI Zhenkun, CHEN Xingying, YU Kun, et al. A novel approach for
dynamic reconfiguration of the distribution network via multi-agent
system[ C]//Third International Conference on Electric Utility De-
regulation and Restructuring and Power Technologies. Nanjing:
IEEE,2008: 1305-1311.

[5]FMEIR, AL, = A, SRE LB T R IE HL N £ H B3 3
BEMLT]. I AZhkB,2014,34(9) :41-46.

SUN Huijuan, PENG Chunhua, YUAN Yisheng. Multi-objective dy-
namic distribution network reconfiguration considering switching fre-
quency [ J ]. Electric Power Automation Equipment,2014,34(9) .
41-46.

[6] Bt BB T, 55, T B Ao H 303 2 4 A X L R A T 1R
ZREEM[J]. BFHA,2013,37(1) : 82-88
CHEN Guang, DAI Pan,ZHOU Hao, et al.Distribution system recon-
figuration considering distributed generators and plug-in electric ve-
hicles[ J].Power System Technology,2013,37(1) . 82-88.

(7] Bi#RE, A0, W —K. %A S EA R BN



. 188 - MoK O T

5 48 %

B[], W A feiisr,2013,33(12) : 1-7.
MIAO Yiqun, JIANG Quanyuan, CAO Yijia. Optimal microgrid dis-
patch considering stochastic integration of electric vehicles[ J]. Elec-
tric Power Automation Equipment,2013,33(12) :1-7.
BORGHETTI A,BOSETTI M, GRILLO S. Short-term scheduling and
control of active distribution systems with high penetration of renew-
able resources[ J]. IEEE Systems Journal ,2010,4(3) :313-322.
PILO F,PISANO G,SOMA G G. Optimal coordination of energy re-
sources with a two-stage online active management|[ J]. Industrial E-
lectronics , IEEE Transactions on,2011,58( 10) ; 4526-4537.
[10]F+le, TAkk. 2R Beis i MER s S EM[T]. hEH
HLT AR ,2002,22(7) :44-48.
YIN Liyan, YU Jilai. Dynamic reconfiguration of distribution network
with multi-time period[ J]. Proceedings of the CSEE,2002,22(7) .
44-48.
[ 11]Z=8E0m 2Rk BRVEAR , 45, 3L TFROMI R IS i 1 Ui R dE 1
SERELETT]. HEEHLT R, 2005,25(24) :73-78.
LI Peiqiang, LI Xinran, CHEN Huihua, et al. The characteristics
classification and synthesis of power load based on fuzzy clustering
[J]. Proceedings of the CSEE,2005,25(24) .73-78.
(12 )M, I BORI RIS IR A th e P i I L] 15
HHAR 2008,32(2) :94-96.
LIN Xiong, XING Yixing. Application of fuzzy clustering technology
in load curves analysis[ J]. Information Technology,2008,32(2) .
94-96.
(13175 Rt s, Al | 4. 25 R 22 U M ] 5 1 1 i v o0 — 2 L
TR ARG k1], P LT AR 4R, 2008,28(16) < 1-7.

I8

s

—
=)
[

FAN Hong, CHENG Haozhong, JIN Huazheng, et al. Transmission
network bi-level programming model considering economy and relia-
bility and hybrid algorithm [ J]. Proceedings of the CSEE, 2008,
28(16) :1-7.

(141 5K88%, A0, IMGAT | 45, BT L2 29 AR R — J= B0 Y I v
R S IRPEEICE [T]. I RS A 3k, 2014,38(5) : 50—
58.
ZHANG Lu,TANG Wei, CONG Pengwei, et al. Optimal configura-
tion of generalized power sources in distribution network based on
chance constrained programming and bi-level programming[J]. Au-
tomatic of Electric Power System,2014,38(5) :50-58.

(ISTBRE, RE8E, MRAT I, 45, 26T 08 —GIR SERUR A i 22 3l 250 B
FBC R Z R IBE 2% T AL AL BC B ()] LD A 3 kB 4%, 2015, 35
(3) :47-53.
CHEN Yu, TANG Wei, CHEN Xinyue, et al. Optimal allocation of
tie switch considering load—=PV equivalent load curve segment|[ J].E-
lectric Power Automation Equipment,2015,35(3) ;47-53.

[16 17 HA 2L, F63E TR T BT ShA a7 oRmE AR A Ae U8 1k 1o #L K]
JEL)]. ARG AN, 2012,36(19) :30-36.
YANG Yanhong, PEI Wei, QI Zhiping. Planning method for hybrid
energy microgrid based on dynamic operation strategy[ J]. Automatic
of Electric Power System,2012,36( 19) :30-36.

(171408, W, X0, BT R R Uk 58 AL 5k A e vl ) o
HILT]. A ,2001,25(11) :19-22.
YU Yixi, QIU Wei, LIU Ruogin. Distribution system reconfiguration
based on heuristic algorithm and genetic algorithm[ J]. Power Sys-

(H8E AAAHE)

tem Technology,2001,25(11) :19-22.

(3226 180 11)

[12]JHUANG Yi, XUE Wenchao, GAO Zhiqiang et.al. Active disturb-
ance rejection control: methodology, practice and analysis[ C]//
Proceedings of the 33rd Chinese Control Conference. Nanjing:
IEEE, 2014 1-5.

[13]QIU Demin, SUN Mingwei, WANG Zenghui, et al. Practical wind
disturbance rejection for large deep space observatory antennalJ].
IEEE Trans on Control System Technology, 2014, 22(5) . 1983-
1990.

[14]CLARKE D W, MOHTADI C, TUFFS P S. Generalized predictive
control ; part 1[J]. Automatica, 1987, 23(2) . 137-148.

[15]CLARKE D W, MOHTADI C, TUFFS P S. Generalized predictive
control ; part 2[J]. Automatica, 1987, 23(2) . 149-160.

[16] TAYEBI A, MCGILVRAY S. Attitude stabilization of a four-rotor
aerial robot[ C]//Proceedings of the 43rd IEEE International Con-
ference on Decision and Control. Paradise Island: IEEE, 2004, 2.
1216-1221.

[17]JOSHI S M, KELKAR A G, WEN J T Y. Robust attitude stabiliza-
tion of spacecraft using nonlinear quaternion feedback [ J]. IEEE
Trans on Automatic Control, 1995, 40(10) ; 1800-1803.

[18 ] BOUABDALLAH S, SIEGWART R. Backstepping and sliding-
mode techniques applied to an indoor micro quadrotor [ C ]//Pro-
ceedings of the 2005 IEEE International Conference on Robotics and
Automation. Barcelona; IEEE, 2005, 2247-2252.

[19] BOUCHOUCHA M, SEGHOUR S, OSMANI H, et al. Integral

backstepping for attitude tracking of a quadrotor system[ J]. Elec-

tronics & Electrical Engineering, 2011, 10(116) .75-81.

[20]BOUABDALLAH S, NOTH A, SIEGWART R. PID vs LQ control
techniques applied to an indoor micro quadrotor[ C]//Proceedings
of the 2004 IEEE/RS] International Conference on Intelligent Ro-
bots and Systems. Sendal: IEEE, 2004, 3.2451-2456.

[21]GUILHERME V R, MANUEL G O, FRANCISCO R R. An integral
predictive/nonlinear H,, control structure for a quadrotor helicopter
[J]. Automatica, 2010, 46( 1) :29-39.

[22]BESNARD L, YURI B S, LANDRUM B. Quadrotor vehicle control
via sliding mode controller driven by sliding mode disturbance ob-
server[ J]. Journal of the Franklin Institute, 2012, 349(2) :658—
684.

[23]ZHENG Enhui, XIONG Jingjing, LUO jiliang. Second order sliding
mode control for a quadrotor UAV [ J]. ISA Transactions, 2014,
53(4): 1350-1356.

[24] TIIL. = H b B PURESL B HE R Se sl (AT 52 [ D] LM R
JuR=£, 2007.

YU Weiwei. Research on control of the three DOF hovering system
with quadrotor[ D]. Shenyang: Northeastern University, 2007.

(251787, SYWEEE, ShUmiE. BT A PUIBOR i DU e 3 28 35 i f 458
HJ5k 1] HOLS R, 2013, 20(3) : 44-48.

LI Jie, QI Xiaohui, HAN Shuaitao. Attitude decoupling control for
quadrotor aircraft based on active disturbance rejection control tech-

nique[ J]. Electronics Optics & Control, 2013, 20(3) ; 44-48.

(miE #Air)



