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Fig.3 State estimation flow chart of multi-area
interconnected power system

W R G T XA i 4 s,

4 IEEE 118 T REZFREIITE
Fig. 4 Subsystem division of IEEE 118-bus system

5 FH ECAE ph R A F L e DR AR
{EL B3 A TE 25 23 A1 B 00 s P R A, e O R R
N0 BRMEZE R ELAELAY 106, A5 HR 48 2R A 1 R S 4TS Tic
BRI, BT RGEG R WLS it ik,

P 1 AR ST RS A T ik (R D A
AR WLS ARASA T B 2 etk 5 i i A
SR LN AH A1 B I AT S B 2 B 1 AT B D R Al
154 B BAHZ A4 5 25 19 e KAEMSEBIME . 7
PR F LA RS T F RS NE SR, 2 FiAh
O ORGSR AR W B . 7RI O TE YR R AR
NFRERHIT T RGE 1 MFRE DR
BUF TR L T RS 2 AT R G a5
P A HH R G AL TR AT LICRAS  JE ik 2R 17 BB
R AR WLS IR, WA LA %
KA RS 5E 40T W L B8 45 fe KRR B #3150 H HoAth
AL TR R G R A BSOS B RN IE 1 Ol i
R R WLS RS T 5005 1F 506 BT 08 A o 42
. 5 F R G584 T WIS B A A SCE LT
K BEAH EG  H P E 58 rp e 2 R B B S AT R
ge o BT &R G 5 L T 5O B A /s 22 1
1WA EE AT AT UL T A SO A s R
AR MER M A — 8 TR E L,

®1 2MERTEBERR

Table 1 Computational precision comparison
between two algorithms

" W e 22 FAMURZE /rad  SRPEE WA DiRIE
ik Bk Ty N | IZFN ¥
1 0.001 82 0.000 42 0.002 85 0.000 58 0.029 38 0.002 78
2 0.001 61 0.000 29 0.002 04 0.000 63 0.029 93 0.002 79
2 1 0.001 82 0.000 45 0.002 74 0.000 61 0.026 63 0.002 60

K2AANFZES TRASERAGHT RO
IR A0 5 5 30 2B 8 I ) )19 0 L 4% 0 58
SRR DL AR ACR L, i T R B B 45
T ARG AL HEAT AR S A T A B[R] KR b AR SC
Fir i B A S0k P B R G PO R R AUB IE
TR o B B U A B B R RS O D Y
R4 L RO O FERHIE R /. R AR 2 4
#5355 RE AN 2 B A SO S A8 T 3T 53 FE i Y
1/10, R AR R R

F2 2 MERER E R ROR M B

Table 2 Comparison of computation time and
iteration for two algorithms

Rk FR&ERK HEHL JEFE AR
W AR /ms  FERF/ms B /ms K

Ene I S

2 1 118 1 766.98 1 766.98 4

1 1 34 94. 294 26.124 120. 418 10

1 2 34 94. 294 17. 885 112.179 3
4 i

ARSCWFFE T 2 DXL IR L ) 2R 8 BRIR 2 Al 31 1)
LR T RT REE i 2 XK T R4



cERPFR. E

KA T R S AT 2 KR LI T R SRS A 31

Jk,uﬁiﬁfﬂio BT WLS HikifE e T R2AERE

BRI R M R RBUER R, Wil
%???ﬁﬁﬂiﬂt,uﬁifr%%izﬂlE’J/Ut,uﬁ?ﬁ?*%&ﬂﬁ
A 0T 2 Nk 5 AR I R D R A T HE X RS AR R
R I R AUB ISR i 4 R GRS A AR, T
TR FE UL T A SO R H i 2 XS 6 T R 4
ARSI T5 1A R ERG B PR, B TR S
FER I3 1 FRGEA Al W 9 15 B0 . RE S 5 KR M
YRR 20 LK B0 RO R G P AT R A R o R A
(B FAT BUF RO PTIR

2 % X Wk

(1] TR SRR, F oo, SRAR AR T Y PR 25 280 r Ui o 0 28 d 4R
AT . RS A 9146, 2005.29(5) :31-33.
DING Junce, CAI Zexiang, WANG Keying. Fast state
estimation method in polar coordinates based on equivalent
current measurement transformation. Automation of Electric
Power Systems, 2005, 29(5): 31-33.

[2] 2458, A m0BH , T /R4 L 46 6 T 1) d 4k I 9 FL ) R e 4R MR A Al
it i RS A EE,2005,29(18) :24-28.

LI Qiang, ZHOU Jingyang, YU Erkeng, et al. Power system
linear state estimation based on phasor measurement.
Automation of Electric Power Systems, 2005, 29(18): 24-28.

[3] Z58, J 5U P, T/R4R 55, B TR G W e o0 R g RS AR THR

AR B RS A ML, 2005,29(19) £ 31-35.
LI Qiang, ZHOU Jingyang, YU Erkeng. et al. A hybrid
algorithm for power system state estimation based on PMU
measurement and SCADA measurement. Automation of Electric
Power Systems, 2005, 29(19). 31-35.

[4] ABDEL-RAHMAN K, MILI L., PHADKE A, et al. Internet
based wide area information sharing and its roles in power
system state estimation// Proceedings of IEEE Power
Engineering Society Winter Meeting: Vol 2, Jan 28-Feb 1,
2001, Columbus, OH, USA.: 470-475.

(5] ENF . EO0F ALIER, S, B RZG T ul /4 0 X2 RS Al
it A AR, 2001,25(2) :6-9.

WANG Lizhe, WANG Xinfeng, FAN Zhenggang, et al.
Hierarchical state estimation of plants/whole network for power
systems. Power System Technology, 2001, 25(2): 6-9

[6] ZHAO Liang, ABUR A. Multiarea state estimation using
synchronized phasor measurements, IEEE Trans on Power
Systems. 2005, 20(2): 611-617.

(7] F x4 2. oA e R B R 48 (DEMS) RS Al i 0 A X
S AR T E L T AR 2440, 1996, 15(3) 1 160-164.
WANG Yaoyu, YU Yixin. A distributed asynchronous state
estimation algorithm for distributed energy management system
(DEMS). Proceedings of the CSEE, 1996, 15(3): 160-164.

[8] EBRAHIMIAN R, BALDICK R. State estimation distributed

processing. IEEE Trans on Power Systems, 2000, 15 (4).

1240-1246.

KSR XKL . B+ PMU Mo ANl h RE S0

B W RS A P11k .2005,29(4) £ 34-39.

LIU Huile, LIU Tiangi, PENG Jinxin. New distributed power

[9

L

system dynamic state estimation algorithm based on PMU.
Automation of Electric Power Systems, 2005, 29(4): 34-39.
[1O] ARVLYE, T/RER 5P a5 A0, 45 A2 A0 I fiuh 2% 20 °F A9 4k 25 Ak 3
BLAr B RS A 81K . 2007,31(1) :53-56.
REN Jiangbo, YU Erkeng, GUO Zhizhong. et al. Analysis on
state estimation algorithm under changed measurement
triggering mode. Automation of Electric Power Systems,
2007, 31(1): 53-56.
[11] FI/R&R, FAHEE MHEME, % B R RS LT KR H
J1 i it 1985,
YU Erkeng, WANG Shiying, XIANG Niande, et al. Power
system state estimation. Beijing: Hydraulic and Electric Power
Press, 1985.

I KR8, B WEMAE AT OARS RZR
Wk A4, E-mail: powerfactor@163. com

HELA6L ), F . HE HELEFHF ART AN S
NERGIHEREF LA TH AL ZRE KFLEHERA
¥,

HRB A8,k ML AT EOHCN R RREE
Wl ARG A AT,

State Estimation of a Multi-area Interconnected Power System Based on Sensitivity Analysis
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Abstract: The state estimation in a multi-area interconnected power system is investigated and a new approach based on

sensitivity analysis is presented. The state estimators of subsystems at both ends of tie lines carry out individual calculation.

And the mismatch power obtained is taken as the virtual variation of measurement. Based on the relations between the

sensitivity among state variables, measurements and power estimates, the state vector and power estimates of the

interconnected power system are resolved in the computation center by iteration. Test results show that the calculation is very

accurate and rapid. Even with part of the subsystem data unavailable, this approach can still provide the state estimation

solution for the interconnected power system composed of the observable subsystems.

Key words: state estimation; multi-area interconnected system;

squares (WLS) method

sensitivity analysis; changed measurements; weighted least



