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2 1 5 0.0540 0.2230 0.0492

4 2 4 0.0581 0.1763 0.0340

6 3 4 0.0670 0.1710 0.0128

8 4 7 0 0.2091 0

10 5 6 0 0.2520 0

12 6 12 0.1229 0.2558 0

14 7 8 0 0.1762 0

16 9 10 0.0318 0.0845 0

18 10 11 0.0820 0.1921 0

20 13 14 0.1709 0.3480 0
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o Casel Case?
Method 3
| 2| 2| 2| B|§3| 2| 2| 2| % &8
=R (%] r r < >3 (%] r r < >3
5 %) » g % %) n g §
o o
States
8, 0 0 0 0 0 0 0 0 0 0 0
S, -4.02 -3.99 -3.99 -3.99 -3.85 -3.99 -4.25 -4.03 -4.02 -4.30 -4.02
83 -9.93 -9.86 -9.86 -9.86 -9.80 -9.86 -8.83 -9.95 -9.92 -9.66 -9.92
8y -8.66 -8.63 -8.62 -8.63 -8.68 -8.63 -71.52 -8.70 -8.67 -8.90 -8.67
85 -7.43 -7.39 -7.39 -7.39 -7.11 -7.39 -6.48 -7.41 -7.43 -7.75 -7.43
8¢ -12.69 | -13.00 | -13.03 | -13.00 | -12.92 | -13.00 | -11.42 | -13.04 | -13.04 | -13.11 | -13.04
8, -11.19 | -11.26 | -11.26 | -11.26 | -11.53 | -11.26 | -9.89 -11.04 | -11.53 | -11.86 | -11.33
8g -10.41 | -10.5 -10.50 | -10.5 -11.18 | -10.5 -9.21 -10.57 | -11.41 | -10.85 | -10.70
89 -13 -13.10 | -13.10 | -13.10 | -13.51 | -13.10 | -11.84 | -13.30 | -13.28 | -13.47 | -13.28
810 -13.23 | -13.38 | -13.39 | -13.38 | -13.56 | -13.38 | -11.94 | -13.54 | -13.53 | -13.63 | -13.53
811 -13.09 | -13.34 | -13.36 | -13.34 | -13.51 | -13.34 | -10.62 | -13.42 | -13.42 | -13.81 | -13.42
812 -13.53 | -13.83 | -13.86 | -13.83 | -12.50 | -13.83 | -11.61 | -13.88 | -13.88 | -13.96 | -13.88
813 -13.58 | -13.87 | -13.89 | -13.87 | -12.63 | -13.87 | -12.03 | -13.93 | -13.93 | -14.11 | -13.93
814 -14.27 | -145 -1451 | -145 -15.05 | -145 -12.76 | -14.60 | -1459 | -15.15 | -14.59
V4] 1.060 | 1.064 | 1.064 | 1.064 | 1.047 | 1.064 | 1.11 1.060 1.060 | 1.085 | 1.060
V5] 1.041 | 1044 | 1.045 | 1.044 | 1.032 | 1.044 | 1.07 1.041 1.040 | 1.052 | 1.040
V3] 1.016 | 1.020 | 1.020 | 1.020 | 1.011 | 1.020 | 1.02 1.016 1.015 | 1.046 | 1.015
LAl 1.014 | 1019 | 1.019 | 1.019 | 1.022 | 1.019 | 1.03 1.014 1.014 | 1.063 | 1.014
Vsl 1.016 | 1.021 | 1.021 | 1.021 | 1.020 | 1.021 | 1.05 1.017 1.016 | 1.068 | 1.016
Vel 1.060 | 1.057 | 1.057 | 1.057 | 1.051 | 1.057 | 1.08 1.060 1.060 | 1.084 | 1.060
V5] 1.046 | 1.059 | 1.058 | 1.059 | 1.051 | 1.059 | 1.02 1.076 1.074 | 1.104 | 1.074
A 1.060 | 1.060 | 1.060 | 1.060 | 1.063 | 1.060 | 1.03 1.060 1.060 | 1.110 | 1.060
[Vo| 1.044 | 1035 | 1.034 | 1.035 | 1.033 | 1.035 | 1.04 1.044 1.044 | 1.112 | 1.044
[V10l 1.039 | 1032 | 1.031 | 1.032 | 1.022 | 1.032 | 1.06 1.039 1.039 | 1.034 | 1.039
V14l 1.046 | 1.042 | 1.041 | 1.042 | 1.039 | 1.042 | 1.02 1.046 1.046 | 1.088 | 1.046
[Vl 1.045 1.041 1.041 1.041 1.038 1.041 1.05 1.045 1.045 1.047 1.045
[V1sl 1.040 | 1.036 | 1.036 | 1.036 | 1.033 | 1.036 | 1.05 1.040 1.040 | 1.045 | 1.040
[V 14l 1.024 | 1018 | 1.017 | 1.018 | 1.024 | 1.018 | 1.03 1.024 1.024 | 1.012 | 1.024

" Filtered Wighted Least Square

" Rewighted Least Square
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measurements and conventional measurements and their information synchronization.
Then a dynamic state estimator based on Kalman filter which equipped with
synchroniser data of conventional measurement and phasor measurements on the
proposed pseudo dynamic model of the network has been introduced that estimate the

states of the network with a proper speed and accuracy and track the network situation.

Finally, with the aim of maximization posterior probability density function and
applying Chapman-Kolmogorov relations and Bellman’s principal, a index to estimate
the dynamic state is proposed which is simpler and without limitations that are
challenges of Kalman filter application. In order to fulfill a precise and robust dynamic
estimation, it is enough to optimize this criterion. In this research, this optimization is
accomplished with applying Imperialist Competitive Algorithm, that with a high speed

convergent, accurate outcomes are resulted.

Key-Words: Bad Data, Phasor Measurement Unit, Power System, Robust State

Estimation.



Abstract:

State estimation is the key operation to control and manage a power network. State
variables of power system, including magnitude and angle of buses voltage of the
network, represent a comprehensive knowledge across the network. On the other hand,
inaccurate estimation of these variables may lead to wrong decisions and finally to
heavy damages and even the destruction of the network. So, having a reliable and

robust estimator is the necessary provision to possess a safe network.

This research has aimed to increase the robustness of the estimator against
falsifications or bad data, considering this fact that the information by measurements
because of different reasons such as measuring errors, lack of simultaneous information
acquisition, communication system errors, hacking of information in smart grids and

..., are continuously exposing to be falsified.

Firstly, the pre-filtering of measurements data is proposed using information
processing techniques and applying Principle Component Analysis (PCA).
Furthermore, in the case of adding a new measurement, optimized place with the aim of
supporting the ability of detecting and identifying bad data, will be also proposed.
Then, in order to estimate the static state and offline analysis of network, a robust
estimator with using contraction map and Least Absolute Values (LAV) of
measurements residuals have been represented. The results of simulation are indicating
high precision and robustness of this method comparing to other static state estimation

methods.

Also regarding this fact that with having dynamic equations of a system, we can
estimate and track the state trajectory of that system with a proper approximation, we
can find a robust dynamic estimator which can be applicable as an online state
estmation. At first, a pseudo dynamic model of power network is presented in this
thesis. The proposed model is simpler than other dynamic models and also more
efficient in large scale and wide power network modeling, because in this modeling
there is no need for dynamic parameters of loads, generators and etc. Also it omitted
dynamics with intervals less than one cycle in network which are not important in
estimating the state. In second step, considering the extension and importance of Phasor
Measurement Units, which provide precise and reliable information of voltage and

current phasors of network, a method is represented in order to complete use of phasor
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