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Short Abstract

Smart grids are complex, nonlinear, and uncertain systems. Smart grids may consist of one or more cost functions, in which their optimal values have
to be obtained. Moreover. In these systems the optimal condition has to be find with small computation burden, high accuracy, and relatively fast in
real time. In this paper, a novel approach is proposed to find the minimum value of the total cost for the energy consumption in smart grids, in which
the total cost is considered as uncertain objective function. The advantages of this technique are its stability, fast convergence, insensitivity with respect
to initial condition and real time implementation. Some simulation results are provided to show the effectiveness of the proposed approach.
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1-  Short Introduction (4-5 lines)

Optimization has significant role in science and engineering which lead to products with desired quality and reduced cost. In many applications the
offline methods cannot generate an acceptable result and real-time optimization are necessary. Extremum seeking control (ESC) is one of the real-time
optimization approaches which can be utilized to find the optimal values of unknown cost functions. Smart grids are important part of power systems
networks where real-time optimization techniques are used for cost and energy consumption reductions. In this paper, an unknown but measurable cost
function is considered in a smart grid application. Then, a novel time-varying ESC approach is derived to find the optimal cost function value.

2-  Proposed Work and Methodology (including comprision, simulation/experimental results and discusion)
Uncertain optimization problems are apperaed in many aplications. A novel ESC method is suggested to solve the unceratin optimization problem with
unknown but measurable cost function. In the proposed ESC approach, first the gradient of the cost function with respect to its input variables are
estimated according to the idea of invariant manifolds. For this purpose, a number of high gain filters and estimators are developed to generate an almost
invariant manifold including the output variable of cost function and its gradient. Then, by introducing some auxiliary variables, an update law is derived
to estimate the gradient of the cost function with respect to time. Finally, from the estimated gradient, the dynamics for the inputs of the optimization
problem are assigned according to the gradient descent algorithm. It is shown that the proposed algorithm is stable and converges to its optimal values.
As an optimization problem in smart grid application, a number of connected industrial or commercial consumers are assumed where the main task is
to reduce the cost of energy consumption. If each consumer is considered as a unit, then the cost for each unit is written as a summation of two functions.
The first function is related to the cost of energy in the same unit and the second function is related to the cost of energy in other connected units. In
other words, the first function is direct cost for the corresponding unit and the second function is indirect cost for the unit in connection with other units.
Finally, the total cost function is considered as summation of costs in all units. It is assumed that the mathematical relations for the first and second
functions are unknown and only the total cost is available for measurement. Hence, the optimization problem is summarized as the amount of energy
consumption in each unit in relation with other units should be adjusted such that the total cost be minimized. Finally, the proposed ESC approch is
utilized to find the optimal value of the total cost function.
In order to evaluate the proposed approach, a simulation result is developed in MATLAB environment. It is assumed that the smart grid is consist of
three air conditioning systems. Each system can be considered as a unit and all three units are connected together. Hence, all the units can exchange
information on their amount of energy consumptions with each other. The functions for the cost of each unit and the total cost are considered as in (21)-
(23) and the constant values are reported in Table 1. It should be noted that these mathematical equations are only for the simulation purpose and these
functions are unknown, in practice. Only the real time measurement of the total cost is available as an output that we want to minimize. Moreover, the
chosen functions satisfy all the required assumptions of the optimization problem and the proposed technique can be applied to minimize the total
energy consumption. It should be realized that the main task is to minimize the total cost of the smart grid and the cost minimization for each unit is not
important. According to the simulation results, an interesting condition is occurred to the solutions of the optimization problem. For total cost
minimization, the cost of units 2 and 3 are reduced form their initial conditions but the cost of unit 1 is increased with respect to its initial condition.
This result is emphasized the importance of total cost reduction under consideration of energy consumptions in all units.
The advantages of the proposed algorithm can be written as follows:

1-  The proposed technique is stable.

2-  The inputs and outputs converge to their optimal values with high accuracy.

3-  Fast and smooth transient responses (without oscillations) are achieved.

4-  The proposed algorithm is not sensitive to the choice of dither signal and initial conditions.

5-  Areasonable approach to solve optimization problem in smart grid applications in real time and easy to implement.

3-  Conclusion (4-5 lines)

In this paper, a new ESC approach according to the time-varying parameter estimation and gradient descent algorithm is utilized to minimze the cost
function in smart grids. It has been shown that the proposed approach is stable and the responses are exponentially converged to the small neighbourhood
of their optimal values. Moreover, unlike other approaches in this regard, the proposed algorithm is not sensitive to the choice of perturbation signal
and initial conditions. Hence, this algorithm is desirable to solve real-time optimization problems in smart grid applications, which lead to accurate
solutions in a reasonable time. In order to show the effectriveness of the method, some similation results are considered for the total cost reduction in a
smart grid with three units including heating, ventilation, and air Conditioning systems.
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