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Preliminaries of State Estimation

= Based on real-time measurements, Static State Estimation e Goal: « Optimization: | minimize I, (x)
serves as the foundation for monitoring and controlling the | | x g
oower grid. e TO determl_n_e the most likely state of the system based subject to
| S on the quantities that are measured. [1] , ,
< Classical method: For AC power system, state estimation is P = P(x)+ u, Q" = Q(x)+ u,
usually formalized mathematically as a Weighted Least Square I I
Y Y J 1  Model: z=h(x)+U Py = Pr(x) +uyp Qf = Q(X) + ugy
or Weighted Least Absolute Value problem, and solved by , ,
Newton’s method. » N : Nonlinear functions, relating state and measurements Py = Pi(x) + up Qr = Q(x) + ugy
) _
% Problem: Highly sensitive to the initial point, as it is | . Vil = [Vie| +u,
. . o State(x): Voltage magnitudes and phase angles
essentially a local search algorithm. @
+ New approach: Employ Semidefinite Programming (SDP) to * Measurements (z) and noise (u)
. : . 1
effectively obtain a good initial state. | " — ha(x) [P\
min J,(x) = Z ~
Numerical Result New Approach S = /]
 Simulation for IEEE 14 bus (SDP Initial guess v.s. Flat start)  Reformulate the state in another form. [3] O
* The state: 14 voltage magnitudes and 14 phase angles » Relax the non-convex constraint to convexify the problem. 1
) . - e : _ zi —tr(A;W P\
The measurem.ents. » Use the “relaxed” estimate as a new initial guess for min.J, (W) = (Z U(_ ) )
 \/oltage magnitudes Newton’s method i=1 ‘
 Active and reactive power flow on the lines U = (Re(x), Im(x)")* r_'_'_'_'_'_'hglg‘,» P. = Re{VETI},} [:j‘_:'_:h'_er_p:;> subject to W = 0, rank(W) = 1.
* Active and reactive power injection at buses o — Re{VHe,el YV}
. L e Constraint relaxation:@
100 random sample sets N 2 Re{VHY, V)
1 1 o~
 Objective Comparison . State Comparison oy 1 ( Re(Y} +Yk§) Im(Y,; —Y;) ): Uy, U N NE
aussian Noise L 2\ ¥y = Ye) - Re(e + %) , % T min J, (W) = Z A
WRSS = i (Z”’ — tT(AiW)>2 N | | ———— . N = tr(Y,UU") wo P — o
P i e N G SR DPGHED W =UU" I T e = tr(Y, W) subject to W = 0.
16k = = Newton's method with a flat start | E :8— @
= = = SDP estimate 3
e Newton's method with an SDP start g _10l
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