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ABSTRACT: To detect and identify bad data, the measured
data of multi-time scale is screened by integrating graph theory
with ant colony optimization (ACO). Firstly, the measurement is
changed into paths and the data of the whole network is
equivalent to a undirected graph; then combining ACO with the
search method of minimum spanning tree (MST) in graph theory,
all measured data is screened and during the iteration the power
network status and the standardized residuals of measurement are
achieved by sensitivity analysis, and the comparison of
standardized residuals of the data and that of system status are
implemented during the iteration system status; in the form of
searching, the optimal measuring combination can be found and
the system status at that moment caqn be calculated; finally,
utilizing sensitivity analysis the bad data is detected and
identified. The proposed algorithm can avoid the time loss
brought by repetitive state estimation during the identification
while the computational accuracy is kept. The proposed
algorithm is verified by the simulation of IEEE 14-bus system.

KEY WORDS: bad data; screening; ant colony optimization
(ACO); sensitivity analysis; state estimation
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Fig. 1 The formation of virtual path
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Tab.1 Measurements for simulation

=l E=Lilg I ESE =l E=Lilg I BN
P, 0.1831 0.1830 Vi 1.060 10 1.060
Py —0.9421  —0.9420 06 0.018 40 0.136
Py —04779  —04780 0Os 0.281 00 0.242
Ps 00761  —0.0760 | P, 1.102 00 1.569
Ps  —0.1120 —0.1119 | Py 0.601 30 0.559
P, 0 0 Pys 006200  -0.598
Ps 0 0 Pgs —045000  —0.456
Py —02949  —02950 | Py 023560  —0.272
Py —0.0900  —0.0900 | Po.y 0.003 90 0.087
Py —0.0351  —0.0350 | Py —0.38060  —0.044
P —00611  —0.0610 | Ps4 0.06200  -0.577
Py —0.1351  —0.1350 | P 0.001 85 0.018
P —0.1489  —0.1490 | P —0.04550  —0.180
v, 1.0450 1.0451 | Puo —0.00290  —0.086
Vs 1.0110 10100 | Pui;  -0.03980  —-0.062
0s 0.0392 0.0390 [ Qs 0.077 80 0.045
Os 00159  —0.0160 | Ous 0.020 85 0.020
Vs 1.0720 10700 | s —0.048 00 0.016
0 0 0 012 —0.271 50 0.048
Vs 1.0899 1.0900 | Oss 0.281 00 0.119
0s  -0.1659  —0.1660 | Oes 022810  —0.072
O —00579  —0.0580 | Qe 0.094 00 0.081
On  —0.0181  —0.0180 | Oer —0.356 10 0.030
On  -00161  —0.0160 | Qos —0.07760  —0.019
O —0.0581  —0.0580 | O 0.008 60 0.007
O —00501  —0.0500 | O 008930  —0.060
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Tab.2 Measurements chosen by ACO

HI Py, P3, Py, Ps, Ps, P7,Pg, Py, Pro, Pr1,Pra, P13, Pia
o O4, 05, 07, Q9 , Q10 O11 5, O12, O13, Q1
Bk VLV Ve, Vs
%3 FRGES TSNS BB
Tab.3 Comparison of voltage between true values and
that by sensitive analysis

T i B LA TSRS M FAE
1.060 100 1.060 100 0 0

1.045 000 1.045 000 —0.08682 —-0.087 17
1.011 000 1.011 000 —-0.22259 -0.222 57
1.015 774 1.015 882 —0.17948 —-0.179 45
1.018 578 1.018 756 —0.15325 —-0.153 26
1.072 000 1.072 000 —0.25193 —0.251 96
1.051 328 1.051 378 -0.23176 —-0.231 76
1.089 900 1.089 900 —-0.23143 —0.231 43
1.035 051 1.035 099 -0.25903 —-0.259 03
1.034 030 1.034 069 —0.26252 —-0.262 52
1.049 205 1.049 225 —0.25918 -0.259 18
1.055 472 1.055 475 —0.26657 —0.266 58
1.049 043 1.049 050 -0.26727 —-0.267 26
1.022 950 1.022 980 —0.28043 —0.280 43
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Tab.5 Results of identification between the two methods

that by Reference [6] il SCHR[6] AL Ll SCHRL6] AL
WA T HLUs BIFEE FAE R P, 0 0 |4 0 0
e M LaiE A R itk P; 0 0 06 1 1
1.0601 0.0000  1.060 1 0.0000  1.060 1 0.000 0 Py 1 0 05 0 1
1.0521  -0.0598 1.1003 -0.0597 1.0450 —0.0872 Ps 1 0 Py 0 1
1.0167 -0.1532 1.0539 -0.1721 10110 -0.2226 P 0 0 Py 1 0
1.0038 -0.1205 1.0368 -0.1004 1.0159 —0.1794 P, 1 0 Pys 1 1
1.0036 -0.1101 1.026 0 -0.097 8 1.018 8 -0.1533 Py 0 0 Ps.s 1 0
0.9548 -0.180 7 0.964 6 -0.170 5 1.072 0 —-0.2520 Py 0 0 P4 0 0
0.9975 -0.1722 1.0339 -0.169 4 1.051 4 —-0.2318 Pio 0 0 Po.14 0 1
1.0419 -0.1710 1.0776 -0.1717 1.0899 -0.2314 Py 0 0 Pio.ii 1 1
09590 -02032 09977 —0.1952 10351 -0.2590 P 0 0 Psy 0 1
09417 -02018 09820 —0.1966 10341 —-02625 P 1 0 Piis 0 0
09476 01471 09652 —0.1909  1.0492  —0.2592 Py 1 0 Pis 0 1
0.9187 -0.1802 0.9596 -0.164 3 1.0555 -0.266 6 v, 0 0 Py 0 1
09177 -0.179 9 0.962 4 -0.160 9 1.049 0 —-0.267 3 Vs 0 0 Pisis 0 0
0.9345 -02014 09676 —0.1872 10230 -0.2804 O 0 0 Ois 0 0
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