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Tab.2 State estimation results of
AC system in case 1

., FH fii st 26 1 QR ik
U 6/(°) U 6/(°)
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Tab.3 State estimation results of DC system
in case 1 and precision comparison
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Uy 1.9864 1.9865 0.0001
85/(°) -7.3568 -7.3555 0.0013
VSC, M 0.8425 0.8426 0.0001
P, -0.8993 -0.8995 -0.0002
Q. 0.1734  0.1733 -0.0001
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Tab.4 State estimation results of
AC system in case 2

- R lii Fsf 32 4 QR Atk
U 6/(°) U 0/(°)
1 1.0600 0 1.0600 0
2 1.0450 -5.0456 1.0455 -5.0521
3 1.0100 -11.9571 1.0101 —11.903
4 1.0700 -152053 1.0702 -—15.245
5 1.0407 -12.3405 1.0397 -—12.377
6 1.0900 -12.3405 1.0880 —12.440
7 1.0360 -14.2229 1.0343 -—14.220
8 1.0347 -14.6805 1.0322 —14.661
9 1.0488 -15.0566 1.0480 —15.060
10 1.0534 -15.9595 1.0551 —16.139
11 1.0477 -159015 1.0483 —15.994
12 1.0229 -159791 1.0194 -—15.929
13 1.0372 -10.6397 1.0383 —10.627
14 1.0186 -87793 1.0191 -8.7180
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Tab.5 State estimation results of DC system
in case 2 and precision comparison
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U 20000 2.0001 0.0001
5/(°) 74026 7.2620 -0.1406
VSC, M 08351 0.8359  0.0008
P, 09161 09008 -0.0153
0. 0.1220  0.1221 0.0001
U, 19863 19865 0.0002
5/(°) -8.0157 -8.0035 0.0122
VSC, M 07958  0.7970  0.0012
P, -0.8993 -0.8995 -0.0002
0. 04442 04347 -0.0095

pou.) ESEU T T B (Q51=0.1220 pu.) # il VSC,
FHE B HE (U =1.9863 p.u.) & 3 i BEZHL R
(Us=1.0186 p.u )Tl . % 6 J2Cu &R G ny R4
TSR 3 7 N HIR R GRS AN T 25 8 B HRS
AL,

ROFRIWEREGERSHITER
Tab.6 State estimation results of AC
system in case 3

o Al A TR
U 0/(°) U 0/(°)

1 1.0600 0 1.0600 0
2 1.0450  -5.0427 1.0455 -5.04921
3 1.0100 -11.9455 1.0101 -11.8912
4 1.0700 -152081 1.0702 -15.2482
5 1.0407 -12.3263 1.0397 -12.3625
6 1.0900 -12.3263 1.0880 -12.4255
7 1.0360 -14.2117 1.0344 -14.2083
8 1.0347 -14.6718 1.0322 -14.6524
9 1.0488 -15.0536 1.0481 -15.0571
10 1.0534 -159614 1.0551 -16.1408
11 1.0477 -15.9023 1.0483 -15.9941
12 1.0229 -159731 1.0194 -15.9230
13 1.0372 -10.6521 1.0382 -10.6428
14 1.0186  -8.7594 1.0191 -8.6963

KT ARIHERRZERSHEITER
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Tab.7 State estimation results of DC system
in case 3 and precision comparison
[ B 328 PSR A 15
fhIHE TRz

Heas  RAER HAH

Ui 2.0000  1.9999 -0.0001

8/(°) 7.4313 74136 -0.0177

VSC, M 0.8351 0.8360 0.0009
P, 09194 09193 -0.0001

Q. 0.1220  0.1221  0.0001

Uy 1.9863 1.9864 0.0001

6/(°) -8.0501 -8.1367 -0.0866

VSC, M 0.7958 0.7974  0.0016
P, -0.9025 -0915 -0.0125

Q. 0.4451 0.4358 -0.0093

% 4. VSC, K E LA DR (P =0. 9194
pu.) SCI B L (U=1.020 3 pou. ) #E il VSC, R
FH 5 EL I ( ffzf:19863p.u) /"«Eﬁd{m‘!?%{ZEEr
(U$=1.0186 p.u. ) =il , & 8 N W R GRS T
iR K ONHEMA ﬁﬁ?&ﬁﬁﬁfr%m Ko A B
Heg

W
o

RS ARAMERAGKEMBITER

Tab.8 State estimation results of
AC system in case 4

. FH [i] g 3 R fige 32
U 6/(°) U 6/(°)
1 1.0600 0 1.0600 0
2 10450 -5.0639 1.0455 -5.0705
3 1.0100 -11.9640 1.0102 -11.9098
4 1.0700 -15.1813 1.0702 -15.2214
5 1.0407 -123315 1.0397 -12.3680
6 1.0900 -12.3315 1.0880 -12.4255
7 1.0360 -142113 1.0343 -14.2083
8 1.0347 -14.6667 1.0322 -14.6477
9  1.0488 -15.0378 1.0481 -15.0416
10 1.0534 -15.9364 1.0552 -16.1163
11 1.0477 -15.8792 1.0484 -15.9713
12 1.0229 -159629 1.0194 -15.9131
13 10203 -10.5308 1.0213 -10.5205
14 10186 -8.7753 1.0192 -8.7125
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Tab.9 State estimation results of DC system
in case 4 and precision comparison

[ 1 2k AR A 125

W BE pc R Bl B
EUSTTE 1 N5 14 HAA M AR
U, 2.0000  1.9999 -0.0001
8/ (°) 7.8782  7.8722 -0.0060
VSC, M 0.7927  0.7924 -0.0003
P, 09194 09193 -0.0001
Q. 0.3611  0.3679 0.0068
U, 1.9863  1.9864 0.0001
6/(°) -8.0443 -8.1296 -0.0853
VSC, M 0.7957 0.7974  0.0017
P, -0.9017 -09142 -0.0125
Q. 0.4453 04357 -0.0096
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Tab.10 Comparison of state estimation
performance among cases

Jrg BRAEC AE /s g Sw Sp

1 4 0.0266 40.5674 1.0374 0.5838

2 5 0.0325 40.3589 1.0374 0.5863

3 5 0.0328 40.4119 1.0374 0.5859

4 5 0.0330 40.5924 1.0374 0.5847
42 HnEH

ARSI N 28 3B R TEEE 30 IEEE 57 9 5558
HIR G RGEHAT TARSAATTE & 11 AEEN
PERELLEL . MR AT UL BEE W 28 AL K % ik
PR 80P R B e 2 R A TR R ) DR AR B | O
kAR B AT 52 mg NI Z5 SR mT 0 FE P
BR324 T 55503 T 3 A 7 2R SE I B A R

F 11 BB T E SR KR E KA L

Tab.11 Comparison of uniform iterative algorithm
performance between test systems

Ao RARECRRE s T Su Sp

IEEE 30 5 0.0537 773170 1.0406 0.5205
IEEE 57 5 0.0822 149.9010 0.9997 0.5434
5 A

ARSCHEH T RGCR AT LR T 454 VSC
-HVDC MIRaSFRHE , N 3 A~ T & VSC-HVDC 1
THRIEA RGEWFR SRS T B T T 5T,

a. 4T B RGURSAR T SE A & R
B WLS 53k | 76 e L Al b o 8% % & VSC - HVDC
A8 LU I B 2R G0 1) 1 T o B0 CHR S AR o FVAE AT B
iR, RS T & VSC-HVDC W B A& 25
RASAG AR

b. £ T & VSC-HVDC W& HitiR & &gtk
AATT R R AR 1207 A IX 00 38 3 A EL
ZA G0 0 R S R BT O R B RER WS
] o X LA TR Al | SR % TR T A B R G 2 A1
AR RS B v, HoAT R 0 W S FmT Sk |

c. ¥ XHM& 5 19 IEEE 14 IEEE 30 .IEEE 57 7
ARG T T & VSC-HVDC M IR & RER
AAh B B BB DU 4G S S IE T AR SRR
T B A7 R AN S R
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State estimation of power system with VSC-HVDC
SUN Guogiang',LI Yuyan®, WEI Zhinong', YE Fang'
(1. College of Energy and Electrical Engineering,Hohai University ,Nanjing 210098, China;

2. Guodian Nanjing Automation Co.,Ltd.,Nanjing 210003 ,China)
Abstract: The static state estimation of power system with VSC-HVDC is carried out for the HVDC (High
Voltage Direct Current) transmission based on VSC(Voltage Source Converter). The steady model of VSC
-HVDC is introduced,the measurement equations,state variables and Jacobian matrix of hybrid AC / DC
system are determined and the state estimation model of power system with VSC-HVDC is built. A uniform
iterative algorithm based on the WLS(Weighted Least Square) is proposed to get the solution. Simulations are
carried out for the modified TEEE 14-bus,IEEE 30-bus and IEEE 57-bus systems,which shows the
effectiveness and practicality of the algorithm in terms of estimation error,iteration times and calculation
speed.
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