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Data Compatibility Analysis of WAMS/SCADA Hybrid Measurements State Estimation

LI Da-lu, LI Rui, SUN Yuan-zhang
(School of Electrical Engineering, Wuhan University, Wuhan 430072, Hubei Province, China)

ABSTRACT: Aiming at the problem that more and more
studies used hybrid data of wide area measurement system
(WAMS) and supervisory control and data acquisition
(SCADA) to improve the traditional state estimation, a new
method to solve the compatibility problem of WAMS/SCADA
hybrid data was proposed. Firstly, the differences between
WAMS and SCADA are analyzed, and through the built
WAMS/SCADA hybrid data model, we can conclude that time
synchronization and measure weights are the main factors
which affect the compatibility of hybrid data. Therefore, data
dependence analysis is used to implement the synchronization
of WAMS and SCADA data, and to re-quantify the measure
weights by considering the delay distribution of measure data.
The simulation results of standard test system show the
accuracy of compatibility analysis and the validity of
compatibility method.

KEY WORDS: phasor measurements unit (PMU); wide area
measurement system (WAMS); power system; state estimation;
hybrid measurement; compatibility
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Tab. 1 State estimation results of time interval |

e 7%%1% 1 kil %fﬁﬂ 2 fliil ‘%WU 3kl

FREZE107° FREZ/107° FriE2E/107°
1 0.802 0 0.554 5 0.5512
2 1.002 6 0.697 5 0.697 5
3 0.916 3 0.6308 0.6324
4 0.9441 0.6200 0.620 5
5 0.8511 0.564 5 0.564 6
6 0.8807 0.6300 0.626 7
7 0.950 8 0.6835 0.680 1
8 1.0514 0.666 6 0.661 3
9 0.867 1 0.652 0 0.655 6
10 0.9535 0.6490 0.650 0
11 0.9144 0.5795 0.588 0
12 0.8739 0.596 0 0.596 0
13 0.8440 0.566 0 0.564 2
14 0.886 2 0.520 6 0.520 2
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Tab. 2 Relevance of WAMS and SCADA
measurements in time interval |

SCADA 55 WAMS %8l 1751 [ AH O
AN 2 3 4 5 6
ZlIs

6 0.90976 0.96972 0.94048 0.91880 0.97904 0.798 78
12 0.98452 0.94304 0.91876 0.98572 0.92452 0.843 23
18 0.90528 0.98785 0.99305 0.99001 0.90518 0.976 67
24 0.84496 0.96098 0.81663 0.91999 0.93868 0.935 36
30 0.957 10 0.91557 0.81726 0.95068 0.82395 0.887 06
36 0.94392 0.82622 0.93459 0.87624 0.99112 0.980 30
42 0.98207 0.95505 0.84552 0.87040 0.74044 0.83031
48 0.92285 0.84521 0.96249 0.97218 0.93245 0.927 40
54 0.90566 0.72132 0.97923 0.97829 0.99042 0.920 75
60 0.85924 0.90923 0.92344 0.93693 0.998 32 0.939 66

2 2 MBI AT 40, ARG TRAR, WAMS
FI SCADA iAo, I H U2 2
RZEMFE M, Rk, VS SEVEm ZI a2 R 2%
B2, FERE N, WA SRS
TS MG T ROR, EHER 2T R A S
M) SHe 7% 7 8 A Rk
33 MERFHEERAEMAHE

R R G S AT AR I AT 2 i B
(L 1AV B, REATENE, Bl 4 Piskhix
LEI M BN 3 AN A e g B, %A L ah )
TH8R DL G v A1 it U AH A R R4 T 58 22
bR UEZE I ERIR .

& 4 ATLUE H, SRR AR AR,
1. Z) 2 FIZ] 3 MuEs AR 32 2% m, H
ST, B2 MG TR 1 R4 3 A4 W] &,
5% B R G AR A R 5500 o A8 BT AT 7 BN B

14

Zpl1

A Co Mo
ST S

[y
o

WJ
x4l 2
7 Jrenssointy W ahe s

E613

21107
(o))

ol

b

N
t

10 14 18 22 26
t/min
B4 BFEL I 1AV A E RS
Fig.4 Simulation comparison of time interval 11, 1l and 1V

W, Z 3 B TERE REAS TR 1 R 2, &
Bl 2 AE R 53 B TB) YAk VRS 5 v T 68 1, (HAER
IR P B TR T 224 1 R O

h T SR R R BUE R, A TR RS SR
AT IO, & 5 Pros.

K 5a)ifiid T B 10 R B B B
Guar AR HATLH D BAER N, FLIE 0 )3k e ke ik
o MWEIFTTLUES], 261 1. 6 2 M 3 1
fhTIRGFE AL T AW T B

K] 5(b)Hhik T B 1 RTREEE 1 AZ B Ak (477 2L
S50 TR e, R ERIA R T UEAE, K 5(b)
T, BB 1. B2 RIEH 3 TR 4R R BE
BT HAGA, HEARWMILT RH 2 BT RES TR
B 1 [ Bl

S(C)FHiiR T BB 11 5 B4t S o i B
AR AT R AL D) eS8 I, (H R IR b 2R A
FERRAG. I mT s, =6 10 250 2 FZ) 3 Akt
i P el B AGFAE AR Ay B 4 s (a3

P 5(d) R T B IV P ELAE SR . R B i)
W, A AR FLBIL R g 40 b B AR A e, R AR
R AR AR . WE PR, 6] 1. 26 2
I 3 BN VIRE FE S 4 a3 e R T B

14 14 —
. /%t 1 1. ?@ ”j e
S 10 b g 10 =2 RV u
=z 6 M;‘a}’_\‘_:(.,'\l‘\,.;g;‘;-_n__;r\,:_,t_:g,-v' AT 2 [ e —ani— q}‘ ............ e
- ws | %0 3
2 1 1 1 2 1
10 12 14 16 18 17 18 19
t/min t/min
(@ BN (b) WFEL L 1N AT F 4
14 14
be EYE %11
5 10t 5 10 ‘J// SN
W %01 3 i w2 o/
b i <
) AL SN & 6 et Al -
3 3 i el 7
Ali2 613
2 1 1 1 2 1 1 1
10 12 14 16 18 10 12 14 16 18
t/min t/min
(c) WrEm (d) WBIvV
HPWEE
o Fh 2
BN N A m M
& B
=
o4t %13

10 12 14 16 18
t/min
(e) WML IV &Stk
E 5 BFEL 1. 11 FA IV RFERIE
Fig. 5 Simulation details of time interval I, 111 and IV



%16 H

AR 4. WAMS/SCADA R Al SRSl 1 50 e 2k A 65

S(e)Fhik T I B NIV AT FLAR 4 L &5 3
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WEREA AT, WG R =A 23R, FE0UN
V) ] 0P 45 22 PR 48K, WIAMLS 30 ) v B STk
TR [P PR ZERPIRAA VIR 2) TRA I
B SEA AR GRS A VR IAE T, (R 558 i 7 i)
SHERGRARZIN 5 R R 3) A B 5
R BRR I G-I 2 (AR, AN I (1)
ARG 4) AL FHHARTT RN SRS
RGO INUR, YRR RNFIL R R
i, CRASMTEEE R LA LI — SCADA Kyl
G TIEE 22 5) ASCHEHH IS A 7 S8 it A
T T VRS DN PR A A T 8 A R ) R R
PRAE TR A RS AG v A e M T S

TERFEE 1 1ALV, S HGH S WAMS F
SCADA Il B R 3 1 55 e 25y 28 HEvE I %) )
RERE, 38 3 HH T I SN A 1R A DG

1E3e 3w, BRATEE I S AR LT B A
585 5 41, Ut WA SRS Z1 () 71555 07 20 b % B SCADA
SEWIIME R 0.1s — 2. DEAT AR R B K%
AL 5 41, LR BUEAES 10 min(600 s)FH 4

*3 BTER 11-1IV f WAMS 5 SCADA NI £ #iBMHEXE
Tab. 3 Relevance of WAMS and SCADA
measurements in time interval I1-1V

SCADA 55 WAMS Hdli 7 51 [F AR DG
A 2 3 4 5 6
B Z/s

600 0.98631 0.99772 0.86842 0.91621 0.91973 0.98543
660 0.89844 0.88894 0.96985 0.84977 0.99917 0.983 10
720  0.706 15 0.71872 0.84004 0.91808 0.937 24 0.917 80
780 0.65219 0.69909 0.82199 0.90654 0.98456 0.908 17
840 0.46381 0.59954 0.83971 0.89684 0.94193 0.893 41
900 0.35222 0.37170 0.60572 0.86821 0.869 38 0.82181
960 0.36783 0.27102 0.597 61 0.72037 0.897 65 0.739 20
1020 0.21224 0.27527 0.49322 0.63092 0.92222 0.66193
1080 0.13195 0.17811 0.39182 0.59580 0.916 61 0.570 04
1140 0.27666 0.21013 0.42330 0.66760 0.94133 0.627 60
1200 0.57605 0.43578 0.52187 0.74935 0.99343 0.74350
1260 0.78743 0.88196 0.73396 0.897 14 0.998 77 0.837 83
1320 0.98203 0.92821 0.86486 0.99006 0.97230 0.966 45
1380 0.73949 0.86986 0.78636 0.88836 0.844 14 0.887 69
1440 0.69631 0.44511 0.58332 0.73108 0.82974 0.78972
1500 0.27047 0.29558 0.42948 0.61167 0.95310 0.624 68

22min(600s)H}, R4 MR AR AR, SEHER 21T
ST RIE, AAAEI A T A R
3.4 HURRTEIE SR RA IR
WAMS H1 SCADA i 5 Fy I 1] [ 25 1 A2 5% Wi Vi
Bl A e A B 5, AR ) ELEE R I
BINET, WE TAFHT WAMS 5 SCADA I & i
2, NN HERET7 2800 5 TR A SRS I AR
HEATXIEE, DR R R 4 iR,
4 FREANERTGETEEMNERSMHITER
Tab. 4 Results of hybrid measurements state
estimation in various synchronous conditions
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0.7 10.78 6.67
0.6 10.33 6.67
0.5 9.71 6.67
0.4 9.28 6.67
0.3 8.64 6.67
0.2 8.02 6.67
0.1 7.76 6.67
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