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Abstract — A problem of forecasting state variables of electric
power system is studied. The paper suggests data-driven
adaptive approach based on hybrid-genetic algorithm which
combines the advantages of genetic algorithm and simulated
annealing algorithm. The input signal is decomposed into
orthogonal basis functions using the Hilbert-Huang transform.
The hybrid-genetic algorithm is applied to optimal training of
the support vector machine and artificial neural network. The
results of applying the developed approach for the short-term
forecasts of active power flows in the electric networks are
presented. The best efficiency of proposed approach is
demonstrated on real retrospective data of active power flow
forecast using the hybrid-genetic support vector machine
algorithm empowered with the Hilbert-Huang transform.

Index Terms — forecast; active power flow; genetic algorithm,
support vector machine, Hilbert-Huang transform, ANN.

L INTRODUCTION

Complex electric power systems have a high number of
process variables and a heavily interconnected and
interdependent topology. The optimization of a whole system
in particular, which is based on intelligent forecasting systems,
could improve its performance and reduce energy
consumption. Particular forecasting technologies of intelligent
forecasting systems are concentrated on evolutionary
computing, neural computing, fuzzy computing, probabilistic
computing, data mining, etc.

The short-term forecasting of power system parameters
can be carried out both with the aid of classical approaches of
the dynamic estimation, statistical methods of analysis of time
series and regressive models, and with the aid of technologies
of the artificial intellect. It is worth noting that a change of the
power systems parameters often features a sharply variable
non-stationary behavior, which limits the efficiency of the
stated technologies of forecasting of time series.
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Many algorithms have been proposed in the last few
decades for performing accurate forecasting power systems
state variables. The most commonly used techniques include
statistically based techniques like time series, regression
techniques and  Box-Jenkins models and computational
intelligence method like fuzzy systems, artificial neural
networks (ANNs) and neuro-fuzzy systems [1] —[6].

In forecasting the time series specified by the sharply
variable non-stationary behavior, the models formed with the
aid of ANNSs received a rather wide extension [7], [8]. Various
methods of the union of neurons together and organizations of
their interaction led to the creation of ANNs of various types.
Among the collection of existing ANN structures, we will
point out the multiplayer perceptron, the ANN on the basis of
radial-basis function, and the generalized regressive network,
which found the highest application for the short-term
forecasting power system state variables. An ANN learning
methods provide a robust approach to approximating real-
valued, discrete-valued and vector-valued target functions.
The other approach to parameters forecasting is support vector
machine (SVM) [8], [9].

Studies have shown that hybrid approaches, that is a
combination of different intelligent techniques, have great
potential and are worth pursuing [10]-[12]. One of the popular
hybrid models used genetic algorithms (GA) and Hilbert-
Huang Transform (HHT). GA has been increasingly applied in
conjunction with other artificial intelligence techniques such
as ANN and SVM.

The paper suggests data-driven adaptive approach based
on hybrid-genetic algorithm which combines the advantages
of genetic algorithm and simulated annealing algorithm [13],
[14].
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II. BACKGROUND

In 2010 the concept of Intelligent Energy System with
Active and Adaptive Network (IES AAN) [15] has been
employed in order to develop and operate the main electric
networks in Russian Federation [16], [17]. The IES AAN
technological infrastructure is shown in figure 1. One of the
most important problems in this area of focus is the
organization intelligent monitoring conditions and their
control with the use of novel forecasting methods, especially
methods of artificial intelligence. Development of the state of
the art techniques for robust forecasting of behavior of
nonlinear and non-stationary power systems is one of the
challenges for electrical power systems (EPS) development.
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Figure 1. The IES AAN technological infrastructure.

Advanced smart devices and technologies, such as PMU,
artificial intelligence and so on give new possibilities for
solving complex and comprehensive problem of emergency
control using monitoring, forecasting and control of EPS
operating conditions. Time sequence of individual stages of
monitoring, forecasting and control of operating conditions is
shown in Fig. 2 [18].
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Figure 2. Time diagram of events in the system for monitoring, forecasting
and control in EPS.

The present issue intelligent forecasting systems in the IES
AAN will focus on accurate energy demand modelling
intelligent computation approaches to provide well energy

planning and accurate energy expenditure prediction. The IES
AAN operating normal and emergency conditions must be
controlled in an intelligent way, based on forecasts and
coordinated with operation of other units in the power system
[19]. Such a control, based on forecasts, implies intelligence.
Particular  forecasting technologies of this issue are
concentrated on evolutionary computing, neural computing,
fuzzy computing, probabilistic computing, wavelet transform,
etc.

Forecasting is a vital part of business planning in today
competitive environment. With increased penetration of
renewable energy sources and introduction of deregulation in
power industry, many challenges have been encountered by
the participants of the electricity market. Forecasting of wind
power, electric loads, power flows, frequency, energy price
and etc. have become a major issue in power systems. But it’s
important to note that each of these parameters can exhibits its
own stylized features and is therefore forecasted in a very
different manner.

An introduction of competitive mechanisms a power
system states planning and control, an expansion of power
system states control coordination causes rapid dynamics of an
electric power system conditions. The development of an
accurate, fast and robust short-term forecasting power system
state variables methodology is of importance to both the
electric utility and its customers.

III.  NOVEL GENETIC HYBRID APPROACH FOR
FORECASTING POWER SYSTEMS STATE VARIABLES

A. HHT algorithm

For more accurate forecasting of power state variables we
use a preprocessing of initial data by the Hilbert-Huang
Transform (HHT). HHT 1is the two-steps algorithm,
combining the empirical mode decomposition (EMD) and the
Hilbert spectral analysis (HSA). In general, this algorithm can
be presented in the chart (Fig. 3). For more information,
relating to EMD process and Hilbert spectrum analysis, see
[20] - [22].
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Figure 3. The flow chart HHT configuration.

After the HHT was employed we obtain, through EMD
and HT, the sets of IMFs, instantaneous amplitudes and
frequencies. These sets are used as input values of the
selected ANN or SVM models.

B.  Hybrid genetic algorithm

Figure 1 shows general forecasting scheme. There are
three main blocks. First two blocks preprocess input data with
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HHT and hybrid genetic algorithm enables the optimal
features selection and formation of the optimal ANN

architecture.  The same blocks are employed for the
parameters selection of the support vector machine
regression.
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Figure 4. Block diagram of the proposed hybrid genetic approach scheme.

Let us describe the hybrid genetic algorithm more in
details. The hybrid genetic algorithm (HGA) [14] consists of
two algorithms. It combines the advantages of simulated
annealing (SA) and GA [13].

GA can be applied in many areas, it can handle any form
of objective function and constraints, whether it is linear or
non-linear, continuous or discrete, and theoretically lead to the
optimal solution. However, in practical application GA faces
serious problems, namely: premature convergence, poor local
optimization capability, and slow convergence and no
convergence to global optimal solution. In recent years, many
authors have worked to improve the GAs, in particular
through encoding scheme modifications, selection of fitness
function and genetic operator design.

The SA is a generic probabilistic algorithm for the global
optimization problem, namely locating a good approximation
to the global optimum of a given function in a large search
space. This algorithm is able to avoid becoming trapped at
local minima.

C. Hybrid (GA-ANN) algorithm

One of the major problems in ANN training is the
formation of an optimal input sample. An effective way of
solving this problem is to use nonlinear optimization
algorithms, namely SA method and neuro-genetic selection of
input data (NGIS), which provides a procedure for selecting
the best predictive model for each sample. In the training data
analysis the NGIS algorithm retrieves the input data which can
be discarded as less informative. This method employs
optimization procedure based on random search methods, and
combines the capabilities of genetic algorithms and ANNS,
namely Probabilistic and General Regression Neural Networks
(PNN/GRNN) in order to automatically find optimal
combinations of input variables. Such optimized GRNN-
networks can be considered as models with memory because
they "remember" the best results, causing the final results
improvement. The radial basis functions in PNN helps to
provide robustness of "bad data" in the input sample.

The SA technique makes it possible to analyze properties
of the initial sample and to organize a “competition” system
between various ANN-based forecast models, when the best

neural model of forecasting is chosen in the process of
nonlinear optimization.

D. Hybrid (GA-SVM) algrithm

GA is used to optimize both the feature subset and
parameters of SVM simultaneously for power state variables
forecasting. In general, the choice of the feature subset has an
influence on the appropriate kernel parameters and vice versa.
Therefore the feature subset and parameters of SVM need to

be optimized simultaneously for the best prediction
performance.
The procedure starts with the randomly selected

chromosomes which represent the feature subset and values
of parameters of SVM. Each new chromosome is evaluated
by sending it to the SVM model. The SVM model uses the
feature subset an values of parameters in order to obtain the
performance measure (e.g. hit ratio). This performance
measure is used as the fitness function and is evolved by GA.

IV. CASESTUDY

The novel genetic hybrid approach is realized in
STATISTICA 8.0. and Matlab. In this paper, we demonstrate
the proposed approach on the Western Baikal-Amur Mainline
(BAM) power supply system. The real power supply system
shown in Fig. 5. The BAM external power supply is carried
out the 110 kV power network (from “Taishet’’ to “Lena”

substations) and the 220 kV power network (from “  Lena”
to “Taksimo” substations).
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Figure 5. Western BAM power supply system.

The presence of a draft load in the BAM power supply
system causes in the sub-transmission network an appearance
of asymmetry above an allowable value. Traction substations
are conventional transformer substations and located at a
distance of 25-50 km, an overhead system size and a
conductor losses are much less than in a DC system. It is
known that an alternating-current draft load is a single-phase,
so substation loads supplying an alternating current
locomotive, are always a priori asymmetric, with sharply
varying in time asymmetry. Continuous and random changes
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in time traction load, a presence of a two-way feed greatly
complicates a forecasting state variables.

Forecasting active power flows provides an estimation of
transmission capacity reserves in expected operating
conditions in order to preserve of weak tie-line stability for an
internal and external sections of an EPS by issuing appropriate
control actions on a control stations and power units.

The initial train data is represented the telemetric data of
the per-minute active power flow for 3 days (4320 values).
For this purpose the studied time series was decomposed into
IMFs by the Huang method (Fig. 6), and the Hilbert transform
was employed to obtain the amplitudes, 4. The latter along
with IMFs were used as input values of the selected HHT-
ANN and HHT-SVM models.
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Figure 6. The real active power flow in 04.02.11 (top). Results of EMD
applied (bottom).

The constants of a GA have been chosen as population
size 100 and generation size 20. It had been also chosen the
following genetic operators: crossover rate 5, mutation rate
0.1. Employment the optimization unit HGA for an ANN
selection has demonstrated the advantage of MLP architecture
(Table I). It’s important to note that in case of the final MLP
model were excluded the following components as
insignificant values: IMF1, A4, A6, A7, F1, F2, F3, Fo.

The MLP model summary is presented in Fig. 7 and Table
II. The code BFGS 27 in Table 3 indicates that the Broyden—
Fletcher—Goldfarb—Shanno (BFGS) algorithm [23] was used
and that the MLP network was found on the 20th cycle on the
basis hybrid genetic algorithm. A BFGS (or Quasi-Newton) is
a powerful second order training algorithm with very fast
convergence but high memory requirements due to storing the
Hessian matrix.

TABLE L. EMPLOYMENT THE OPTIMIZATION UNIT HGA FOR AN ANN
SELECTION
Test
Iteration Iﬁtl:iil\il ;{Xg’ nglli: ::ltm Iil:lllf:;?s Performance
MWt
16 RBF 0.071 14 109 043
17 RBF 0.069 14 112 0.41
18 RBF 0.072 14 116 0.42
19 RBF 0.070 14 111 041
20 MLP 0.087 21 8 0.38
21 GRNN 0.082 25 25-2158 0.24
22 GRNN 0.083 25 25-2158 0.21
23 MLP 0.062 16 6 0.41
24 MLP 0.059 17 4 0.39
25 MLP 0.056 16 5 0.38
TABLE II. ANN MODEL SUMMARY.

Type and structure of ANN MLP 8-5-1

Training performance 0.9439

Test performance 0.9470

Training error 0.001395

Test error 0.001320

Training algorithm BFGS 20

Figure 7. The MLP network structure for a “1 minute ahead” active power
flow forecasting.

The HGA result for the SVM model is shown that were
excluded the following input components as insignificant
values: Al, A5, A8, F1, F2, F3, F4, F6, F7. The SVM model
parameters were determined empirically - enumerative
technique. It should be noted that, in this case, a SVM
significant characteristic, which is influenced at a forecasting
accuracy were a kernel parameter y — specifies the gamma
parameter for RBF (Table III).

TABLE IIL SVM MODEL SUMMARY.
Number of N
independents
Regression type 1
SVM type (capacity = 10, epsilon = 0.4)
Kermel type RBF (y=0.001)
Number of SVs 1546
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To compare a forecasting approaches performance, the
authors also had calculated similar a “1 minute ahead” active
power flow forecasts on the basis of conventional approaches:
Autoregressive integrated moving average (ARIMA), ANN
and Multiplicative Exponential Smoothing.

Table IV and Fig. 8 summaries the numerical results for a
“l minute ahead” active power flow forecasting on based on
the HHT-GA-ANN and HHT-GA-SVM models. The active
power flow forecast results show that the hybrid HHT-SVM
model provides best forecast accuracy.
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34 — HHT-GA-SVM forecast
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Figure 8. Result of a “1 minute ahead” active power flow forecasting on based
on hybrid genetic models.

TABLE IV. COMPARISON OF A “1 MINUTE AHEAD” ACIVE POWER FLOW
FORECASTS ON THE BASIS A HYBRID AND CONVENTIONAL APPROACHES.
Error
Ne Forecasting models
MAPE, % MAE, MVt | RMSE, MV?Y

1 HHT-GA-ANN 12,5 32 39

2 HHT-GA-SVM 11,6 29 35

3 ANN 15,8 6,9 33,6

4 ARIMA 224 7.1 74

Multiplicative
5 Exponential 342 10.8 10.9
Smoothing

As Table IV is shown the most accurate forecast was gave
the hybrid HHT-GA-SVM and HHT-GA-ANN models
(MAPE - 11.6% and 12.5% respectively), compared with the
conventional approaches: the ANN model — 15,8, the ARIMA
model — 22.4 % and the Exponential Smoothing — 32.2%.
Besides the HHT-GA-SVM gives smaller errors compared to
the HHT-GA-ANN.

Abbreviations, such as MAPE, MAE, RMSE, in table I
and table IV are calculated as follows

MAPE metric:

nolx, —x
mapg = L3 | 100% (1)
STt
mean absolute error (MAE metric):
1 n —_
MAE =="|x,—x,}; @

no
root mean squared error (RMSE metric):

RMSE = lli(x, -x)> (€)
no=

where x(t) is actual value of parameter at moment 7, X(Z) is

forecasted value of parameter at moment ¢ and n is the
number of measurements.

V. CONCLUSIONS

In this paper we studied the problem of forecasting of
power state variables. The main contribution is the data-driven
adaptive approach based on the hybrid-genetic algorithm
which combines the advantages of the genetic algorithm and
the simulated annealing algorithm.

Our approach combines an efficient method for non-
stationary time series analysis based on the empirical mode
decomposition and the Hilbert integral transform. We
employed the machine learning technologies such as artificial
neural networks and support vector machine trained with
nonlinear optimization algorithms, namely simulated
annealing and genetic algorithm.

The efficiency of proposed methodology is demonstrated
on short-term forecasts of active power flows in the Western
Baikal-Amur Mainline power supply system in Siberia.
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