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OPTIMIZATION OF WIND POWER STATIONS STRUCTURE
BY THE DYNAMIC PROGRAMMING METHOD

The article offers the wind power stations optimization model. For the solution of the opti-
mization problem the method of dynamic programming is applied and the results of the research
are presented.
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OIITUMI3ALIA CKJIALY BITPOBUX EJIEKTPOCTAHIIIN
3 BUKOPUCTAHHAM METOAY INMHAMIYHOI'O
ITPOT'PAMYBAHHS*

Y cmammi po3po6.aeno modeav onmumizauii MHOMCUHU OiIOUUX GIMPOGUX EACKMPOCMAHULL.
Jlas po3e azanns onmumizauiiinoi 3a0ayui 6uKopucmano menioo OUHAMIMHO20 NPOZPAMYBAHHA MA
HaeedeHo pe3yabmamu 00CAIOHCEHHSL.
Karouosi caosa: uwacmkosi kpumepii; eaeosi koegiyicnmu eaxcausocmi; iHmeepaibHe
OUIHIOBAHHSA,; OUHAMIMHE NPOSPAMYSEAHHS, onmuMatvHicms beamarna; imimayiiine MOOeAOBAHHS,

CIMamucmu4Hull aHais.
Dopm. 4. Taba. 2. Puc. 3. Jlim. 23.

Huxkonaii A. Mennkosckuii, Bacmimiit H. Tecmiok, Ouer B. IllyneBua
OIITUMM3ALINA COCTABA BETPOBbBIX DJIEKTPOCTAHIINU
C UCITOJIb3OBAHUEM METOJA IMHAMUWYECKOI'O
ITPOTPAMMMPOBAHMU S
B cmamve pazpabomana modeab onmMuMu3auuu MHONCECMEA UCNOALIYEMBIX BEHIPOGLIX

aekmpocmanyuii. J{aa  peweHus ONMUMUZAUUOHHOU 304U  UCHOAB30GAH MeMO0
OUHAMUMECK020 NPOPAMMUPOGAHUS U NPUBEOCHDL PE3YAbIMANIbL UCCACO0BAHUSL.
Kurouesvie caosa: wacmuunvie kpumepuu; 6ecosbie KO3(PQUUUCHMbL 8ANCHOCMU; UHMEZPANbHOe
OUeHUBAHUE; OUHAMUYECKOe RPOZPAMMUPOSAHUE; ONMUMANbHOCHb beaimana; umumayuontoe
MOO0eAuposanue; Cmamucmu4eckutl GHalu3.

Problem setting. Operations of the contemporary wind power stations (WPS)
involve producing a specified amount and type of electrical energy under the condi-
tions of variable power potential of wind. In this case, the dispatcher's task of the
automated control system of the energy dynamic process is to determine the neces-
sary efficient set of a variety of available electrical wind installations for its enclosure.
The dispatcher faces the task of operational appraisal of facilities and their effective-
ness characterized by heterogenecous parameters. Often a dispatcher makes this
assessment intuitively and thus his/her decision is not always well-grounded.
Therefore, the problem of developing a method of determining the most efficient
structure of wind power stations (WPS) is relevant.
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Recent research and publications analysis. The known methods for the determi-
nation of renewable sources of energy that are used for a single definition of wind
power stations' effective structure, that is a long-term adjustment of the number of
working electrical installations are not expected. These include Strethom and Hoal's,
Colleg's, Markvart's methods (Bagul, 1996; Kellogg, 1998; Eftichios, 2006).

The known methods of the structure's determination of operating installations in
traditional energetics are used for hydroelectricity, thermal power stations etc.
(Rudenko, 2000; Vennikov, 1990; Urun, 1974). The essence of the problem lies in the
selection of such operating units' structure, as well as starting and stop points, which
provide a minimum of energy consumption for a daily or more prolonged cycle reg-
ulation. It is necessary to consider the cost of launching installations from reserve, the
losses of active power in the network and the reliability conditions of a power system.
In addition, it is important to explore the specific for this problem time limits stand-
ing idle before their start, the number of installations that simultaneously stop and
start, the speed of power gaining etc. (Kutkovetskyi, 2004).

The methods of a single determination of wind power stations' structure (Bagul,
1996; Kellogg, 1998; Eftichios, 2006) are focused on the ability of local generation
and are used for WPS projecting. Other methods used in traditional energetics are
inappropriate in this case of application because they are focused on the economic
criterion of fuel consumption, reduction of load on other devices and so on
(Rudenko, 2000; Vennikov, 1990; Urun, 1974).

The research objective is to develop a method for determining the wind power
station's dynamic structure, taking into account the instantaneous power and gener-
alized electrical efficiency of wind.

Unresolved issues. The unresolved part of the problem is the development of the
method for solving the task of determining the wind power stations' effective struc-
ture, in particular, the argumentation of the integral parameter of optimization.

Key research findings.

The optimization problem formulation. For the determination of the wind power
station's structure, for some wind electrical installations identified by their own inte-
gral assessment and by the value of power, Boolean programming can be used
(Medykovskyy, 2010). This is one of the combinatorial optimization tasks. It is some-
times called the task of packing a backpack, the task of loading a vehicle (carriage,
car, ship, aircraft) and it refers to Boolean programming (Kutkovetskyi, 2004). It
received its name from the maximization task of packing as many items as it is neces-
sary in a backpack, given that the total volume (or weight) of all objects is limited.
Similar tasks often arise in economics, applied mathematics, cryptography, logistics,
genetics. In general, the task can be formulated as follows: with an unlimited number
of objects that have their own cost and weight, a number of items should be selected
in such a manner so as to get the maximum total value and to keep at the same time
restrictions on its total weight (Valeeva, 2006; Zaozerskaya, 2011).

The task of packing a backpack can be formalized by means of mathematical
tools: a finite set of objects is given as Q = q1,q2,...,qm}, for each q; JQ is the known
value (efficiency) C; and fixed capacity P;, and the backpack with P capacity is given.

A backpack should be packed in a way so that the total value of packed items is the
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largest, and their total capacity does not exceed P. It is traditionally considered that
Cj, Pj, P are negative integers.

Let us introduce the following binary variables by, b, ..., b,,, we will assume
that b; = 1, if the subject g, ,Q and is chosen for packaging and b; = 0 in the other
case.

Then, the task of packing a backpack is reduced to the task of integer linear pro-
gramming with Boolean variables, where it is necessary to find such values of variables
by, by, ..., b,, at which the maximum sum can be reached (Bellman, 1965;
Finkelshtejn, 1976):

Cc=5NCb; (1)
]; 17
and the limitation is executed
2 Pib <P 0)
£

Solving the problem (1—2) should be found among 27 binary vectors of length
m, where m is the number of items. Sorting this exponential number, the problem
(1—-2) will be solved.

Features of determining weight coelfficients, the importance of criteria. It is known
that each wind power station is characterized by several criteria that distinguish it
from all the rest. For easier comparison of objects that have different partial criteria
quantitative estimates are used (Podinovskyi, 1979). A certain score is assigned for
each qualitative estimate of the criterion. Then, objects can be evaluated by means of
numerical methods. If an object is characterized by a large number of partial criteria,
quite often generalized (integrated, global, complex, aggregated, synthetic) estimates
are used.

Typically, instead of the integrated assessment, arithmetic sum of partial esti-
mates criteria is used (Podinovskyi, 2007):

C.=K+K, +...+K,, 3)
where Cs is an integral estimate of the object; K; is an estimate of the i-th criterion.

But in the process of the objects’ integrated assessment it is also necessary to take
into account the unequal importance of partial criteria. Typically, this problem is
solved by introducing the weights coefficients of the criteria's importance, whose pur-
pose is a numerical estimate of a certain criterion contribution to the final result. To
calculate the weight importance coefficients different approaches are used, within the
scope of which several methods are developed. Found by different methods vectors of
weight coefficients do not always coincide with their meanings, that is why the error
estimation problem of weight importance coefficients are relevant; the introduction
of the permissible values scale at the time of their determination and others. In detail
the effectiveness of the research of the weight coefficients importance can be found in
the work (Medykovskyy, 2011), and the obtained weight coefficients' values for the
electrical installations are given in Table 1.

Special features of the dynamic programming method application. Thus, with the
sets C; and P; that characterize each wind power station, the task of packing a back-

pack can be solved (Virt, 1989; Fridman, 1973).
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Table 1. Weights coefficients of the importance of wind electrical installations,
calculated by the authors

Method w w, w, W, Wy Wy

Saaty complete 0.128091 | 0.029424 | 039225 | 0.276713 0.09055 0.082958
Saaty simplified 0.0986 0.014 0.4931 0.2958 0.0493 0.0493
Wei 0.1944 0.0277 0.3055 0.25 0.1388 0.0833
Cogger and Yu 0.13758 0.03 0.41662 0.28001 0.08621 0.0431
Fishber's 0.1904 0.04761 0.2857 0.238 0.1428 0.0952
The principle of

indistingt majority 0.190475 0.047626 0.2857 0.238116 0.142855 0.095234

The dynamic programming method is based on the principle of optimality,
which was formulated in 1957 by an American mathematician R. Bellman: "the opti-
mal behavior has the property that whatever the initial state and solution of the prob-
lem at the initial time are, the following solutions must form the optimal behavior
regarding the state that is obtained as a result of the first solution" (Virt, 1989).

The complexity of the problem of packing a backpack is equal to O (m x P),
where m — the number of objects; P — the given power.

In this paper, the problem of packing a backpack is solved by means of tabular
method, according to which the two-dimensional array is formed, the columns of
which correspond to the capacity of a backpack and the rows correspond to the num-
ber of the wind electrical installations (Table 2). The power of wind electrical instal-
lations remains in an array p[1]...p[m], and their effectiveness — in c¢[1]...c[m]. The
function A(s,n) is the electrical efficiency maximum of wind electrical installations
that can be fitted in a backpack that has got a capacity maximum n, if you can use
only the first s items out of the given m. The value of the function A(s,n), where
0<s<m, 0<n<P issaved in the array Aim+1][P+1].

Table 2. The tabular method of solving the problem of packing a backpack,
calculated by the authors

0 1 P
s=0 0 0 0
s=1] 0 0] C, 0] C,
s=2 0 0[ClCIC+C, 0[[CC,]C +C,
s=m 0 0 ” C1 H” Cm ” C1 + Cm 0 || Cl ”” Cm ” Cl + Cm

The following table is filled in using an algorithm the structure of which is shown
in Figure 1.

The features of the software's implementation of the method for solving the
problem lie in the following.

int Alm+1][P+1];
for(n=0;n<=P;++n)  //filling null row
A[0][n]=0;
for(s=1;s<=m;++s)  //s —the maximum number of the object,
{ // that can be used

for(n=0;n<=W;++n) // P - the capacity of a backpack
A[s][n]=A[s-1][n];

if( n>=p[s] && ( A[s-1][n-p[s]]+c[s] > A[s][n]) )
A[s][n] = A[s-1][n-p[s]]+c[s];
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Figure 1. Algorithm's structure for solving the problem, developed by the authors

In the above code, the function A('s,n) has boundary values:

- Ifs=0, then A(0,n) = 0 for all n (no object can be taken, that is why the max-
imum efficiency is equal to zero);

- If n=0, then A(s,0) = 0 for all s (any of the first objects can be taken, but the
backpack's capacity, herewith, is equal to zero).

The statistical analysis of the obtained results. To evaluate the effectiveness of the
results of the system's work the elements of the probability theory and mathematical
statistics are used (Gmurman, 2003; Babaitsev, 2002).

The effectiveness of the elaborated method was studied with the use of comput-
er simulation. The researched system behavior is reproduced in time by means of dis-
crete-event simulation, the result of which as the determination of the optimized
structure of wind power stations was specified in a certain number of times and the
results of each experiment were written down in the data set, after this the evaluation
of all the experiments was carried out.
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The following input data were selected for the simulation: the given WPS power
— P = 80000 kW, the number of wind electrical installations — m = 100; the power of
each WPS P; is randomly generated from the interval [100, 8000] kW, the efficiency

of each installation C; is randomly determined on the interval [100, 200].
The results of the computer simulation are shown in Figures 2 and 3.
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Figure 2. The gained power of WPS in the course of computer simulation
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Figure 3. Interest’'s dependence of not fullfilling a backpack
from the interval of random power

The solutions' domain of the problem Z (Z < P) has dispersed within the scope
of R variation.

The mathematical expectancy of a discrete distribution is defined by the follow-
ing expression:

mlz]= > VP )
where v; — the solution to the problem of j-th experiment; p; — the probability of the

value v;, where ) P; =1.

Thus, as a result of solving the problem, the mathematical expectancy that is
equal to M[Z] = 79945.78 kW is gained. The difference between the desired power
value and the discovered value of mathematical expectancy makes 0.068%.
Therefore, by increasing the value of the input condition for 0,068% we will raise the
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distribution of random variables solutions and thereby draw nearer the scattering of
solutions within the given power value.

The scope of variation is from R = 419 kW, the average linear deviation |/ =
36 kW, the variance of aggregate values 6° = 2349, the standard quadratic deviation
0 = 48.46 kW, the linear coefficient of variation V = 0.045% and the quadratic coef-
ficient of variation V= 0.06%.

Conclusion. On the basis of theoretical and experimental studies. The article
offers the elaboration of the optimization method of wind power station with the use
of integral evaluation of objects and the method of dynamic programming.

The analysis of the computer modelling results allows making the following con-
clusions to ensure the stability of the system, that is, to obtain more precise results for
solving the problem, the value of the input conditions should be increased (that is the
ordered power) to 0.52—5.33% (the percentage of the increase depends on the
installed capacities of WPS — Figures 1 and 2).

Also it has been established that the solution to the problem of determining the
optimal structure of the WPS with the help of dynamic programming can be imple-
mented in real time.
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