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Introduction

The predictor corrector interior point methods is developed to the AC active
and reactive optimal power flow problem. The representation of the tensions
through Cartesian coordinates is adopted, once the Hessian is constant and the
Taylor expansion is accurate for the second order term [4]. The advantage of
working with polar coordinates, that easily model the tension magnitudes, lose
importance due to the efficient treatment of inequalities proportioned by the
interior point methods, in particular on power systems problems [2, 3]. As a
consequence of avoiding polar coordinates, all constraints of the obtained model
are quadratic allowing the application of non-linear corrections in all optimal-
ity conditions as oppose as the traditional approach where the corrections are
applied only in the complementary conditions. Observe that these proposed
corrections are not needed for linear programming problems [5] since the con-
straints are linear and can not of be obtained in a closed form for many non-
linear programming problems such as the AC active and reactive optimal power
flow problem using polar coordinates.

In a nutshell the corrections of quadratic constraints can be obtained as fol-
lows. Given a constraint in the form X Az —b = 0, where A is a constant matrix
of appropriated dimension, b is a column vector also constant and x represents
the problem variables. Finally, we use the standard notation in interior point
methods to represent diagonal matrices were the diagonal entries are the entries
of a vector: X = diag(z).

Applying Newton’s method to these constraints gives rise to:
(XA +diag(Ax))Az =b— X Ax

After computing Az the new point would be & = x 4+ Az. The constraint is
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then given by:
XAi—-b = (X +AX)A(zx+Azx)—b
= XAz + XAAx+ AX Az + AXAAz —b
= XAz + AXAAxz+ (b— XAAz) -
= AXAAz.

Therefore the nonlinear correction of X Ax — b = 0 is given by AX AAz.

The predictor corrector interior point method is then applied to the AC op-
timal power flow problem using Cartesian coordinates optimality constraints.
In order to obtain a primal-dual method, the slack dual variables are defined as
in [1], giving raise to the complementary conditions.

Before the application of the method, the number of variables of the problem
is reduced through the elimination of free dual variables. This elimination does
not modify the sparse pattern of the problem. The linear system obtained can
be further reduced to the dimension of twice the number of buses also with mi-
nor changes in the sparse structure of the matrices involved. Moreover, the final
matrix is symmetric reducing the computational effort per iteration still further.

Computational experiments for IEEE and Brazilian systems are presented
showing the advantages of the proposed approach.
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