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Optimal coordinated voltage control using MPC and trajectory sensitivity technique
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Technology, Guangzhou 510640, China)

Abstract: Based on the basic principle of model predictive control, an emergency voltage controller is designed. This controller can
coordinate control means of different types and nature to maintain long-term voltage stability of power systems. In the objective
function of this predictive control model, both control cost and voltage deviation at load buses are considered, and its equality
constraints are expressed by continuous and discrete time differential-algebraic equations. The trajectory sensitivity technology of
hybrid dynamic systems is applied to convert this original model to a quadratic programming problem through linearization, which can
be solved by quadratic programming function in Matlab. The simulation results in IEEE 50-machine 145-bus system demonstrate that
the proposed method has good numeric stability and fast computational speed.
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Fig. 1 Framework of model predictive control
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variables when t=47.5 s

il S RIGUE

h 93) =0.001 1, h 104> =0.0809, h 105> =0.0329,

Vref
¢ h(lo()):0.0243; h<110>:0.0369, h(111>:0.0084

h (7660 =0.193 8, h 9.690 =0.948 5,
B =1.0795, h 0.9 =0.948 5

h(q7>:0.0003y h4119>:0.0002y h<123):0.001 2,

Oc
h (125 =0.001 4, & 33,=0.000 7
h (69) =0.0051, & 92) =0.0002, h 7 =0.005 4,
ki han=0.0323, £ q19=0.0319, h 28 =0.0372,

h a3 =0.0218

R2 EHTENE

Tab.2 Initial values of control variables

A M

ngf<93) =1.008 2, Vg|~cf(104) =1.0154, ngf (105> =1.009 6,
Vgref

ngfqo(,) =1.006 7, Vgrchlo) =1.008 9, ngfqn) =1.009 9
Nt (7-66) =0.971 6, Nt (969> =0.916 67
ny
ng o1 =0.916 6, 1y (1069 =0.916 6
Oc w» =0, Oc 119=0, Oc 123 =0,
Oc
Oc (125 =0, QOc a3 =0
i ki 69> =0, ki 92 =0, kip =0, ki =0,
1

ki 19 =0, ki a9 =0, ki azp =0

PERXT LG, FRATTIE R I SCHR[4] rh £ Hh (R RS 2 93t
777k, B ESP (Euler state prediction) JIAY4# %
W75, SRS ASSCHIRI I 1) . SCHR[4TRAA R R
DRIEBRI A VY o PR TR IR S LAGAE G 1 24
BIREE R PRI T, =10s, REEAMT=25s,



SR

J ] MPC AL SRS A S I fo D W 18 L T 4 1

-5-

MM T =508, N=T,/T=20, m=T,/T=4,
0=50I, R=501.

RN EN: =1 s VIRKHEHL 124; 1=
5~10s 1525 124 [ far LURERD 10% (1R BE38 0. &
AN, A RIUTATE G, S ah ey
RL124 (PR IRIERF NS N %, 18250 s LK
A, WK 2 Bos.

PR h 720 A AE R G IO 2 5 /M
T 0.85 i, BTN URIE 80, H s CRAE T
HHSHIEE085pu 5 11Spuziil. W3 BaRT
SCHR[ATESP I gy il g5 4L, Fosit 7 Py ik
W, ey s R ORFEAE 0.85 pu 5
1.15 pu Z [,

1 - —==010 97H
—— 00 124
0.98 1

0.96}
0.94r

0.92F

ulp.u.

0.88-
0.86r

0.84

082 1 1 1 1 1
0 50 100 150 200 250
1s

2 RAMZHIES T2 97 7124 IR
Fig.2 Buses 97 and 124 voltage without any control

1 -—-0097
— 010 124

0 20 40 60 80 100 120 140 160 180 200
f's

3 ESP+IIEFRIARI T 97 0 124 AR
Fig.3 97- and 124-bus bus voltage with ESP and tree search

WA stz dl, il 4 fros. Rgiths

S PYIRE AL, K3 3 BT DU IR DAL i & 45 AR
B u(k +i)|,,, (i=0,1,2,3) D HI{ERTE £ =47.5 s,
t=575s. t=67.5s Mt=775s SZtif=Hlm, A
97. 124 PFJHEAREELE 0.85 pu 5 1.15 pu Z [,
%3 ARSI IRSIESE
Tab.3 Control quantity obtained from the fourth rolling

optimization
AR PAL S i E
Veret 03 =1.001 32, Verer 1040 =1.037 2,
Vret Veret (1050 =1.005 741, Vet 106> =1.003 441,
Veret 1100 =0.999 841, Vrer (111> =1.009 037
5 ny (7-66> =0.977 85, ny (9.690 =0.904 1,
" 041 =0.929 1, 1y (10,690 =0.922 85
?//: Oc op =0.1, Oc 19 =0.1, Oc 123 =0.1,
o Oc (2 =0.1, Qc 33 =0.1
ki 690 =0.05, ki 92>=0.05, ki 97,=0.05, ki 111> =0.05,
. ki (119> =0.05, ki 1280 =0.05, ki 131 =0.05
Veret 93 =0.987 82, Ve 104> =1.008 158,
Veret Vet c105) =1.008 922, Vet 106> =1.005 735,
Veretr 11> =1.011 578, Vrer (11> =1.009 451
g Ny (7.660 =0.984 1, n¢ 9690 =0.904 1,
g

= ne -1 =0.935 35, ¢ (10690 =0.922 85

/4 Oc w1 =0.1, Oc 119>=0.2, Oc 123 =0.1,

Oc
Oc (125 =0.1, Oc 133 =0.2
ki 9 =0.1, ki 92 =0.05, ki 970 =0.1, ki 111> =0.05,
b ki aie =0.1, ki aze =0.1, ki azp =0.1
Veret (93 =0.975 46, Vet 1040 =1.030 074,
Verer Varet 105> =1.013 12, Vet 109 =1.012 725,
Vet 1100 =1.000 784, Vigrer (111> =0.994 072
e 1y (166 =0.977 85, 1y co.69) =0.904 1,
= " 1y o =0.941 6, ny (10.690 =0.916 6
iR Oc o1 =0.1, Qc 119 =0.3, Oc 123 =0.1,
e Qc 29 =0.1, Oc 133 =0.3
ki (69> =0.15, ki 920 =0.05, ki 97 =0.15, ki 111> =0.05,
. ki 19> =0.1, ki 129 =0.15, ki 3 =0.1
Vet 93 =0.961 02, Ve 104 =1.013 679,
Vret Vet (1050 =1.018 867, Vgrer 106> =1.015 829,
Vet 1100 =1.011 696, Vigrer (111> =0.969 451
Ed 7 766 =0.971 6, 1y 969 =0.904 1,
iy " i .10 =0.947 85, m, 1090 =0.910 35
s Oc wp=0.1, Oc (19 =04, Oc 123, =0.1,
e Oc a25 =0.1 Oc a33) =0.4
i ki 69 =0.2, ki 92 =0.05, ki 970=0.2, ki 111>=0.05,
]

ki 19> =0.1, ki (1289 =0.2, ki 31 =0.1




-6- ® D ERGEYF DA

1 -—-01097
— 01 124

0.98 i

0.96

0.88f

0.86f

0'840 20 40 60 &0

100 120 140 160 180 200
1s

B4 MAERLFFEHFET S 97 F 124 %

Fig.4 97-bus and 124-bus voltage with MPC and trajectory

sensitivities

M3 FIE 4 ATLLE Y, PIR VR Re A Ao
BHLIE RS AL R i, Sk iflseit s RE
L R E RS E AR 0.85 pu 5 1.15 pu 2 [A] . SCiHR[4]
R, MARFGHRK. EHTERZN, HTAF
FEAABERE, SETNEEE SRR K, 5
H BRI R IR S PR T ek . Rk 4
UARALHIISE ) 23 590 Ky . 45.35 . 46.43 s, 43.18 s fll
44.56 s; A SCHER T RS LG 4 Itk
(RIS TR 43 510 14.88 s+ 14.76 s+ 15.61 s A1 16.55 s
FOBERRS T B0 Bl RIS RR AT S Ik
AR BT 200 27.954 1s, /NTH
I SR I 0k L s 4 1 2 s AR I (] (24 1 minD o
DRI AS SCIW F MPC A 328 2R 50 e AR S B AR
W 720 R s %

5 #ig

AR SCHR R N MPC ORI 38 SR80 B A il 552
PR fee 0 B P A ol S R S s A
(NI RREURE RT3 e 45 S AL B R 4 ST AL I —
UL . 225 18 T gy ) A FE Sh AR AN
PEIAS B (N S/ B ORI, Bl T A RIS Z P )
Aph . PrigdE il A RAT U M AL

(1) VIR R o T 5 H e e 2 TR AR 1
B TE R ABURE T T8 A AR A R R A 7 DA o A
SO AR BRI ORI, AT A i S
i A G ORI SR A P B2

(2) s, MPC RIS LA i 42 )=
IR AL PR RN 2R A, I R
T AR, DA B i S T

(3) Whil 7 %A AR o AR ORUE SRR HU A%

7K S B A7 il A IR 2/ B BURe VE T AT T, 3R 7S

AR 51 00

S 3k

[1] Mayne D Q, Rawlings J R, Rao C V, et al. Constrained
model predictive control: stability and optimality[J].
Automatica, 2000, 36(6): 789-814.

[2] Rawlings J B. Tutorial overview of model predictive
control[J]. IEEE Control Systems Magazine, 2000,
20(3): 38-52.

[3] Mats Larsson, Daniel Karlsson. Coordinated system
protection scheme against voltage collapse using
heuristic search and predictive control[J]. IEEE Trans on
Power Systems, 2003, 18(3): 1001-1006.

[4] Larsson Mats, Hill D J, Olsson Gustaf. Emergency
voltage control using search and predictive control[J].
Electrical Power and Energy Systems, 2002, 24: 121-130.

[5] WenJY, WuQH, Turner D R, et al. Optimal coordinated
voltage control for power system voltage stability[J].
IEEE Trans on Power Systems, 2004, 19(2): 1115-1122.

[6] Vournas C, Michael Karystianos. Load tap changers in
emergency and preventive voltage stability control[J].
IEEE Trans on Power Systems, 2004, 19(1): 492-498.

[7] Lin L, Kumar R, et al. Application of model predictive
control in voltage stability[C]. //Proceedings of the 2007
American Control Conference. New York(USA): 2007:
5916-5921.

[8] Hiskens I A, Gong B. MPC-based load shedding for
voltage stability enhancement[C]. //Proceedings of the
44th Conference on Decision and Control, and the
European Control Conference. Seville(Spain): 2005 :
4463-4468.

[9] Zima M, Andersson G. Model predictive control employing
trajectory sensitivities for power systems applications[C].
//Proceedings of the 44th Conference on Decision and
Control, and the European Control
Seville(Spain): 2005: 4452-4456.

[10] Hiskens I A, Pai M A. Trajectory sensitivity analysis of
hybrid systems[J]. IEEE Trans on Circuits and Systems-
I: Fundamental Theory and Applications, 2000, 47(2):
204 - 220.

[11] Hiskens I A, Pai M A. Power system applications of
trajectory sensitivities[C]. /IEEE Power Engineering
Society Winter. 2002, 2: 1200-1205.

[12] Zima M, Korba P, Andersson G. Power systems voltage
emergency  control  approach  using  trajectory
sensitivities[C]. //Proceedings of 2003 IEEE Conference
on Control Applications. 2003: 189-194.

[13] Zima M, Andersson G. Stability assessment and
emergency  control  method  using  trajectory
sensitivities[C]. /IEEE Bologna Power Technology
Conference. Italy: 2003: 7-13.

(F4% 140

Conference.

continued on page 14 )



- 14 - YRS R LR

[(14] SN, FH=E, SRR, 5. BT HBCRSIK AR
BAE G B, P E HALTREAR, 2005, 25 (21) -
76-81.

YAO Jian-gang, ZHOU Qi-liang, ZHANG Jia-qi, etal.
Generation rights trade mode based on option theory[J].
Proceedings of the CSEE, 2005, 25 (21) : 76-81.

(15] 5k, JAgrh, 200, &% T RITAEBI Kk

B i [T]. R GEA B, 2008, 32 (2) -
30-34.
MO Li, ZHOU Jian-zhong, LI Qing-qing, et al.
Mechanism of generation-rights trades based on
principal-agent model[J]. Automation of Electric Power
Systems, 2008, 32 (2) : 30-34.

(16] Hif, fMEIE. %5 AT D) A ) X3 3 5 5 48 Ty ps
. EMEA, 2005, 29 (17) : 1-4.

XIA Qing, SUN Zheng-yun. Application of high-low
match methods to regional electricity market considering
transaction costs[J]. Power System Technology, 2005,
29 (17) : 1-4.

[17] Hogan W W. Contract networks for electric power
transmission[S]. Harvard University, 1992.

(18] Wi, ZFF, VLM, 5. —MhERa BHLIE A f

Rl BB B AE B A, 46 g%, 2005, 33
(3) : 1-5.
LI Li-ying, PENG lJian-chun, JIANG Hui, et al. A
congestion management method integrating the allocation
of congestion costs with financial transmission rights[J].
Relay, 2005, 33 (3) : 1-5.

[19] ZAWil, i, KEH. — oGRS

BEr it AH 455 1R BELZE AR RIE T 3 [T]. L ) sk
%, 2005, 33 (3) : 1-5.
LI Li-ying, PENG Jian-chun, ZHANG Xi-ming. Method
combining improved financial transmission rights with
fund pool for hedging congestion risk[J]. Electric Power
Automation Equipment, 2005, 33 (3) : 1-5.

[20] ZFfgom, EZ0it, MY, S BEFRAIEA LS K
R dEst: Bhehisct, 2002

[21] KI5 FHERAEZMEETEM] B EPFR]
BoR2# AL, 2001: 239-283.

[22] oA, KEL, Fol, 55 MTLABiHLELTH
MM, P92 P2 RHESOR S R, 2005:
1-61.

(23] F/NF, EArH]. gL EE: B N S AT SEI M.
V22 P2 Al RS AL, 2002: 104-122.

ks HHEA: 2010-03-24;
fEE B

LAEF (1981-), F, LML, TEHMAT @A G
7 &M 5%, E-mail: dongping19810127@ 126.com

g i (1968-), F, #H+, ¥k, T2 FT@OAG
EY ®oriFry iR

wvhid (1927-), 5, #dz, WHEAFH, TRATF
B A RFRARBIE G ) R T 6 LR AR ) R
EEcCiR

{&E HEF: 2010-08-23

(L#F6R  continued from page 6 )

(141 JEZRAR, BT, B PR s 428 o) o A VR AR A A 20 e

S SRATLI] B RGO 58], 2009,
37(1): 6-13.
ZHOU Rong-lin, LIU Ming-bo. Quasi-steady-state model
of coordinated voltage control problem and its indirect
dynamic optimization algorithm[J]. Power System
Protection and Control, 2009, 37(1): 6-13.

(15] milgle, FRREE. RGULTTEAE I RGE 0 M5 FEdhl
W N SEIR[T]. 4k E 8, 2007, 35(15): 72-76.

MIAO Feng-xian, GUO Zhi-zhong. A survey of
sensitivity technique and its application in power systems
analysis and control[J]. Relay, 2007, 35(15): 72-76.

[16] FRFEVL, XTI, &5, A 24 5 D) s #2061

DAL FUI] W) RGP 51, 2010, 38(11): 18-24.

LIN Shun-jiang, LIU Ming-bo, et al. Emergency load shedding
control optimization for transient voltage security[J].
Power System Protection and Control, 2010, 38(11):
18-24.

ks HEA: 2010-05-12;
EEE N

AP (1977-) , %, HEHRLE, ZEHMREFTEH
W Z e, 24T S5 354, E-mail: liushuiping2000@
yahoo.com.cn

XK (1964-), F, #48, WHEAEFF, T2HAF
%A ) R GARAL, 1EATE 3R

#AK (1978-), Jo, 3P, Hd, TEHARTEAE
N EGIR . BTSSR

f&[E H#A: 2010-07-09



