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 Wind power has been playing an important role in power production due to both being 

environmentally clean and its successful integration into the power systems. Because of 
its unpredictable availability, the hybrid wind–gas energy solution becomes more 

promising. The configuration allows two sources to supply the load separately or 
simultaneously together depending on the availability of the energy sources. However, 

power unit failures can increase the probability of unsatisfied load. The proposed meta-

heuristic seeks the optimal design of series-parallel power systems in which a multiple 
choice of wind and gas generators, transformers and lines are allowed from a list of 

product available in the market. The main advantage of the approach is that different 

parameters can be allocated in electrical power systems. To allow fast reliability 
estimation, a universal moment generating function (UMGF) method is applied. A 

computer program has been developed to implement the UMGF and GS algorithm. An 

illustrative example is presented. 
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INTRODUCTION 
 

 A huge percentage of the world's energy is still derived from ecologically unacceptable sources of energy; 

especially fossil fuels that are still the dominant source of energy. Fossil fuels are slowly disappearing and their 

usage is causing more environmental threats and growing energy demand (Ackermann, 2005;Dennyr et al. 

2007). In that reason there is a need for more environmentally friendly power fuels to replace fossil ones. In 

recent years, environmental friendly technological solutions are becoming more prominent as a result of concern 

over the state of our deteriorating planet (Saintcross , 2005); renewable energy plays a key role as alternatives of 

these fuels. They help diversify sources of primary energy. However the major challenge to using wind as a 

source of power is that wind power is “An intermittent power supply” and wind does not always blow when 

electricity is needed. In other words, wind power is an uncertainty power supply and is controlled by the nature, 

not the power plant operator. It produces intermittent power and other generators on the grid can be throttled to 

match varying production from this renewable source (Nikhamet al. 2012). Further development of intermittent 

wind power will require some combination of grid energy storage equipment. A combination of two or more 

renewable energy sources is more effective than the single source system in terms of cost, efficiency and 

reliability. We can easily reduce the need of fossil fuel by properly choose the combination of renewable energy 

source. The combination of two or more energy sources is known as Hybrid energy system. The main advantage 

of hybrid energysystem is the enhancement of reliability of the hybrid energy system and cost benefit of the 

system (Nelson et al. 2006). Hybrid systems provide a high level of energy security through the mix of 

generation methods. 

 Some advantages of hybrid systems compared to conventional energy sources can offers optimum 

utilization of renewable energy sources in a remote area (Senjyuet al. 2005), certainty of meeting load demands 

at all times is greatly enhanced by the hybrid systems, the fluctuation, and the gas generator takes care of the 

long term fluctuations, the continuous operation when service and maintenance are required, the hybrid systems 

provide more consistent year round renewable energy production. 

 This paper describes the use of an gravitational search optimization to solve the allocation problem involve 

the selection of the hybrid wind-gas units, transformers and lines for the appropriate levels of redundancy, the 

main aim is to maximize system reliability or minimize investment cost of series-parallel topology, given 

topology constraints (performance and cost). The reliable performance of the system for predefined missions 
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under various constraints is very important in many industrial applications. The system redundancy, addressed 

in this paper is a common representation for many system design problems.  

 The allocation devices method of system reliability discussed here consists in selecting the optimal solution 

in the context of reliability optimization of electrical network analysis. Given the overall restrictions on the 

system performance  and cost C0, the problem is to determine which topology alternative to select with the 

specified level of electrical device reliability, and what's kind of device to use in order to achieve the maximum 

system reliability. The main objective is to adapt a new meta- heuristic GSA which include a modern technique 

(Ushakov technique) to select and evaluate the best configurations with maximal reliability met the cost and 

performance levels constraints. 

 

Problem Formulation: 

 Let consider a series-parallel electrical power system containing n subsystems i = 1, 2, …, n in series 

arrangement as represented in Fig.1. Every subsystem i contain a number of different devices connected in 

parallel (Ross, 1993;Reinschki, 1985). For each subsystem i, there are a number of device versions available in 

the market. For each subsystem i, devices are characterized according to their version v by their performance 

(iv), availability (Aiv), and cost (Civ) (Ushakov, 1986). The topology of subsystem i  can be defined by the 

numbers of parallel devices (of each version) ivk for 
iVv1  , where iV  is a number of versions available for 

device of type I(Murchland, 1975).The entire system topology is defined by the vectors ki=  
iivk

)Vv1,ni1( i . For a given set of vectors k1, k2, …,kn the total cost of the system can be calculated as: 
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Fig. 1: Series-parallel power system structure. 

 

 The multi-states reliability power system optimization problem can be formulated as follows: find the 

topology corresponding to the maximal reliability system k1, k2, …, kn, such that the corresponding 

performance exceeds or equal the specified performance 0and cost less than the given cost C0(EL-Neweihiet 

al., 1988) That is,  
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 The parameters ai and bj are physically interpreted as the performances of the two devices. n and m are 

numbers of possible performance levels for these devices (Liang and Smith, 2004). Pi and Qj are steady-state 

probabilities of possible performance levels for devices.  

 In electric power systems, reliability is considered as a measure of the ability of the system to meet the load 

demand (W), i.e., to provide an adequate supply of electrical energy (). This definition of the reliability index 

is widely used for power systems: see e.g., (Billintonand Allan, 1996; Lisnianski et al., 1996). The Loss of Load 

Probability index (LOLP) is usually used to estimate the reliability index in (Levitinet al., 1998). This index is 

the overall probability that the load demand will not be met. Thus, we can write A = Proba( W) and the 

LOLP= 1-A . This reliability index depends on consumer demand W. 
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 For reparable multi-state system, a multi-state steady-state availability E is used as Probab(W). In the 

steady-state the distribution of states probabilities is given by equation (4), while the MSS stationary reliability 

is formulated by equation (5): 

Pj= )](oba[Prlim j
t

)t(  


          (4) 
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 If the operation period T is divided into M intervals (with durations T1, T2, …, TM) and each interval has a 

required demand level (W1, W2, …, WM , respectively), then the generalized multi-state system reliability index 

A is: 

j

M

1j
jM

1j
j

T)W(obaPr

T

1
A 







         (6) 

 We denote by W and T the vectors  jW  and  jT  ( Mj1  ), respectively. Then the reliability A is a 

function of k1, k2, …,kn, W and T (Massimet al., 2012]. In the case of electrical power system, the vectors W 

and T define the cumulative load curve (consumer demand). In general, this curve is known for every power 

system. 

 

Reliabilityestimation based on Ushakov method: 
 The last few years have seen the appearance of a number of works presenting various methods of 

quantitative estimation of systems consisting of devices that have a range of working levels in (Tillman and 

Kuo, 1997). Usually one considers reducible systems. In general forms the series connection, the level of 

working is determined by the worst state observed for any one of the devices, while for parallel connection is 

determined by the best state. However, such the approach is not applicable for the majority of real systems. 

 In this paper the procedure used is based on the universal z-transform, which is a modern mathematical 

technique introduced in (Ushakov, 1987). This method, convenient for numerical implementation, is proved to 

be very effective for high dimension combinatorial problems. In the literature, the universal z-transform is also 

called Universal Multi-state Generating Function (UMGF) or simply u-transform. The UMGF extends the 

widely known ordinary moment generating function (Kuo, 2000;Ushakovet al., 2002). The UMGF of a discrete 

random variable  is defined as a polynomial: 

jzP)z(u

J

1j

j
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 Where the variables has J possible values and PJ  is the probability that is equalto j. The probabilistic 

characteristics of the random variable  can be found using the function u(z). In particular, if the discrete 

random variable  is the MSS stationary output performance, the availability A is given by the probability 

Proba(  ≥ W) which can be defined as follows: 

 Wz)z(u)W Proba(            (8) 

 Where   is a distributive operator defined by expressions (9) and (10): 
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 It can be easily shown that equations (9)–(10) meet condition Proba(W) = 
W

j

j

P



. By using the operator 

 , the coefficients of polynomial u(z) are summed for every term with jW, and the probability that  is not 

less than some arbitrary value W is systematically obtained. Consider single devices with total failures and each 

device i has nominal performance i and reliability Ai. The UMGF of such device has only two terms that can 

be defined as:  

izAz)A1()z(u i
0

ii


 = izA)A1( ii


        (11) 

 To evaluate the Multi-state system MSS availability of a series-parallel system, two basic composition 

operators are introduced. These operators determine the polynomial u(z) for a group of devices. 

 Parallel devices: Let consider a system device m containing Jm devices connected in parallel. The total 

performance of the parallel system is the sum of performances of all its devices. In power systems, the term 
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capacity is usually used to indicate the quantitative performance measure of an (Levitin, 2001). Examples: 

generating capacity for a generator, carrying capacity for an electric transmission line, etc. Therefore, the total 

performance of the parallel unit is the sum of capacity (performances). The u-function up(z) of MSS device m 

containing Jm parallel devices can be calculated by using the   operator: 

))z(u...,),z(u),z(u()z(u n21p  , 

Where 



n

i

i

1

. 

 One can see that the   operator is simply a product of the individual u-functions. Thus, the device 

Universal Moment Generating Function UMGF is: 
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defined in equation (11), we have: 
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 Series devices: When the devices are connected in series, the device with the least performance becomes 

the bottleneck of the system. This device therefore defines the total system productivity. To calculate the u-

function for system containing n devices connected in series, the operator   should be used: 
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 Applying composition operators   and   consecutively, one can obtain the UMGF of the entire series-

parallel system. To do this we must first determine the individual UMGF of each device.  

 Devices with total failures:Let consider the usual case where only total failures are considered and each 

subsystem of type i and version vi has nominal performance iv and availability Aiv. In this case, we have: 

iviv A  )  Proba(  and
ivA 1  0)  Proba( . The UMGF of such a device has only two terms can be defined as 

in equation (11) by 
iviv zAA1zAz)A1()z(u iviviv
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 Using the   operator, we can obtain the UMGF of the i-th system device containing ki parallel devices  
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 The UMGF of the entire system containing n devices connected in series is: 
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 To evaluate the probability )W(obaPr   for the entire system, the operator   is applied to equation 

(13):  

 
W

s zzuWoba  )(()(Pr          (14) 

 

Thegravitational search algorithm: 
 The problem formulated in this paper is a complicated combinatorial optimization problem. An exhaustive 

examination of the enormous number of possible solutions is not realistic, considering time limitation. The total 

number of different solutions to be examined is very large, even for rather small problems. Thus, because of the 

search space size of the reliability optimization for MSS, a new meta-heuristic is developed in this section. This 

meta-heuristic consists in an adaptation of the gravitational search algorithm (GSA) optimization method to this 

specific problem. 

 

The GSA overview: 

 Gravitational Search Algorithm is a heuristic optimization algorithm which has been gaining interest among 

the scientific community recently (Rashediet al., 2009). GSA is a population based search algorithm based on 

the law of gravity and mass interaction. The basic physical theory from which GSA is inspired is Newton 

theory, which says: „„Every particle in the universe attracts every other particle with a force that is directly 

proportional to the product of their masses and inversely proportional to the square of the distance between 
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them”. In fact, in this optimization algorithm, agents are considered as objects and their performance is 

measured by their masses. All these objects attract each other by the gravity force, and this force causes a 

movement of all objects towards the objects with heavier masses. Hence, masses cooperate using a direct form 

of communication, through gravitational force. The heavy masses – which correspond to good solutions – move 

more slowly than lighter ones.  Each agent in GSA is specified by four parameters (Najiet al., 2012): Position of 

the mass in dth dimension, inertia mass, active gravitational mass and passive gravitational mass. The positions 

of the mass of an agent at specified dimensions represent a solution of the problem and the inertia mass of an 

agent reflect its resistance to make its movement slow. Both the gravitational mass and the inertial mass, which 

control the velocity of an agent in specified dimension, are computed by fitness evolution of the problem. After 

much iteration, we expect that masses be attracted by the heaviest mass. The termination condition of the 

algorithm is defined by a fixed amount of iterations, reaching which the algorithm automatically terminates. 

After termination of the algorithm, the recorded best fitness at final iteration becomes the global fitness for a 

particular problem and the positions of the mass at specified dimensions of the corresponding agent becomes the 

global solution of that problem. More precisely, masses obey the following laws: 

 Gravity Laweach particle attracts any other particle and the gravitational force between two particles is 

directly proportional to the product of their masses and inversely proportional to R the distance between them. 

 Motion Lawthe current velocity of any mass is equal to the sum of the fraction of its previous velocity and 

the variation in the velocity. Variation in the velocity or acceleration of any mass is equal to the force acted on 

the system divided by mass of inertia. 

 

 

 
Fig. 2: Gravitational force principle. 

 

The GSA principle: 

 In GSA, particles are considered as objects and their performances are measured by their masses (Roy, 

2013). GSA is based on the two important formulas about Newton Gravity Laws given by the gravitational force 

equation between the two particles, which is directly proportional to their masses and inversely proportional to 

the square of distance between them. But in GSA instead of the square of the distance, only the distance is used. 

The second one is the equation of acceleration of a particle when a force is applied to it. 
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 To describe the GSA, consider a system with N agents (masses). The position of i
th

 agent is defined by: 
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d

ix present the position of ith agent in the dth dimension and n is the space dimension. 

 According Newton gravitation theory, at a specific time t, the force acting on the ith mass from the jth mass 

is defined as [28]: 
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 Where Miand Mjare masses of agents, G(t) is the gravitational constant at time t. Miis calculated through 

comparison of fitness as follows: 
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 Where ffiti(t) represent the fitness value of the agent i at time t, and, fbest(t) and fworst(t) are the best and the 

worst fitnesses of all agents, respectively. For the i-th agent, the randomly weighted sum of the forces exerted 

from other agents is: 
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randjis a random number in the interval [0, 1]. Hence, by the law of motion, the acceleration of the agent i at 

time t in the dth direction, ai
d
(t), is given as 
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 Then, the searching strategy on this concept can be described by following equations: 
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 Where randiis a uniform random variable in the interval [0, 1]. This random number is applied to give a 

randomized characteristic to the search, xi
d
 represents the position of i-thagent in d-th dimension, vi

d
 is the 

velocity and ai
d
is the acceleration.It must be pointed out that the gravitational constant G(t) is important in 

determining the performance of GSA and is defined as a function of time t: 
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 Where G0 is the initial value, βis a constant, t is the current iteration, and tmax is the maximum iteration. The 

parameters of maximum iteration tmax, population size N, initial gravitational constant G0 and constant βcontrol 

the performance of GSA. According to the description above, the whole workflow of the gravitational search 

algorithm is shown as follows (Samaras andZafeiris, 2007): 

Step 1: Define the problem space and set the boundaries, i.e. equality and inequality constraints. 

Step 2: Initialize an array of masses with random positions. 

Step 3: Check if the current position is inside the problem space or not. If not, adjust the positions so as to be 

inside the problem space. 

Step 4: Evaluate the fitness value of agents. 

Step 5: Update G(t), fbest (t) , fworst (t) and Mi(t)  

fori=1, 2,…, N. 

Step 6: Calculate of the total force in different directions and the acceleration for each agent. 

Step 7: Change the velocities according to Eq. (1). 

Step 8: Move each agent to the new position according to Eq. (2) and return to Step 3. 

Step 9: Repeat Step 4 to Step 8 until a stopping criteria is satisfied. 

The optimum design algorithm developed for power design based on gravitational search method treats the 

sequence number of the components technology in the list selected for each sub-system components as a design 

variable (Duman, 2012). Once a sequence number of technology is selected then the sub-system components 

designation and its properties are available for the algorithm (Castro, 2003). Hence the design vector consists of 

the integer numbers that are the sequence number of technologies in the discrete set. Each row of the agent 

corresponds to a candidate for power system design; the agent represents the number of components 

technologies. The optimum power design algorithm consists of these following steps (Coit, 1996); using GSA is 

sketched basically as shown in Fig. 3 

 

 
 

Fig. 3: Basic flowchart diagram for GS algorithm. 
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Illustrative example: 
 The electrical power station system which supplies the consumers is designed with five basic subsystems as 

depicted in figure 2. The electrical power system can be described as follows: The electrical power is generated 

from the wind-gas units (subsystem 1). Then transformed for high voltage (HT) by the HT transformers 

(subsystem 2) and carried by the HT lines (subsystem 3). A second transformation occurs in HT/MT 

transformers (subsystem 4) which supplies the MT load through the MT lines (subsystem 5). Each device of the 

system is considered as unit with total failures (Chern, 1992; Mistry, 2012.). The characteristics of the products 

available on the market   for each type of device are presented in table 1. This table shows for each device, the 

availability A, nominal performance  and cost per unit C. Table 2 shows the power demand levels and their 

corresponding durations (Ju, 2013). The power system structure should be designed from available components 

and be able to meet the demand requirements at all load levels. 

 

 
 

Fig. 4: Detailed electrical power system. 

 

Table 1:Data examples. 
Sub-system Device Number Availability A Cost C 

mln $ 
Performance 

(MW) 

 

 
Power Units 

 

 
 

 

1 0.992 7.735 5 

2 0.986 6.475 5 

3 0.994 6.698 5 

4 0.988 6.290 6 

5 0.980 6.146 6 

6 0.991 6.945 6 

7 0.992 6.984 6 

8 0.984 6.465 6 

9 0.993 125 80 

10 0.985 150 120 

HT 

Transfo-rmers 

1 0.994 2.805 18 

2 0.990 2.272 18 

3 0.997 2.594 12 

4 0.991 2.569 12 

5 0.998 1.857 8 

 

HT Lines 
 

1 0.971 1.985 16 

2 0.997 1.983 14 

3 0.991 1.842 14 

4 0.976 1.318 12 

 

 
 

HT/MT 

Transfo-rmers 
 

 

1 0.978 0.842 16 

2 0.986 0.875 16 

3 0.978 0.745 14 

4 0.983 0.654 12 

5 0.981 0.625 12 

6 0.971 0.608 12 

7 0.985 0.492 10 

8 0.973 0.415 10 

 

MT 
Lines 

 

 

1 0.984 0.456 14 

2 0.993 0.432 12 

3 0.989 0.364 10 

4 0.981 0.283 8 

5 0.968 0.242 8 

 
Table2:Parameter of cumulative load. 

Load (MW) 200 160 120 80 

Duration (h) 1080 2640 2880 2160 
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RESULTS AND DISCUSSION 

 

 Table 3 illustrates the structure of the optimal or near optimal system configurations which have the best 

availability levels and satisfy the cost and performance constraints. The system is designed by a combination of 

components selected from available versions shown in table 1. Three optimal structures corresponding to 

different constraints are presented in this table. It  can  be seen for instance that for a desired  performance  of  

200 Mw  and a cost constraint  equal  to 300 mln $, the optimal structure  provides  an  availability  of  0.998.  

For the performance of 160 Mw and a cost constraint of 200 mln $ the optimal configuration can only provide 

an availability of 0.967. Keeping the cost constraint at 160 mln$  and reducing the desired  performance  to  120  

Mw,  the  availability  of  the system goes up optimally to 0.997. 
 

 

Table 3:Optimal solution for reliability optimization problem. 

Constraints Topology Optimal 

Topology 

Cost, Reliability and Performance 

C0 mln$ 
 

0MW   C 
mln $ 

A 
% 

 
MW 

300 200 Subsystem 1 1-2-3-4-4-5-6-8-

9-10 

280.15 0.998 200 

Subsystem 2 1-2-3-4-5 

Subsystem 3 1-2-2-4 

Subsystem 4 1-2-3-4-4-6-7-8 

Subsystem 5 1-2-3-4-5 

 
200 

 

160 Subsystem 1 1-2-2-3-5-5-5-8-
8-9 

185.12 0.967 160 

Subsystem 2 1-2-2-3 

Subsystem 3 2-2-3-4 

Subsystem 4 2-3-3-4-5-5-6-7 

Subsystem 

5 

1-1-1-2-3 

 
75 

 

160 Subsystem 1 2-3-3-4-5-6-6-7-
8-9 

153.45 0.997 160 

Subsystem 2 2-2-3-4-5-5-7 

Subsystem 3 2-2-3-3-3 

Subsystem 4 2-2-3-3-4-5-7-7 

Subsystem5 2-2-3-3-4 

 

Conclusion: 
 This paper describes how to implement the metaheuristic algorithm for finding the optimal series- parallel 

multi state power system configurations. 

 The algorithm using heuristic information, selects, among a wide range of components available in the 

market, suitable versions and allocates them to structures in order to achieve maximum system reliability under 

cost and performance constraints. The method used in this paper consists of a combination of the universal 

moment generating function and a Gravitational Search Algorithm. The algorithm proposed in this paper allows 

an evaluation of the trade-off dependence between cost and performance on one hand, and system availability 

on the other hand. The efficiency of this algorithm depends on the parameters selection and the update method. 

A set of values of gravitational search parameters have been tested. The parameters considered are those that 

affect directly the computation of the formulas used in the algorithm (G0,  and T). We tested several values for 

each parameter, all the others being constant. The values tested were: The values for these parameters that 

converge rapidly to optimal solutions were: G0 = 100,  = 10 and T = 300. 

 The program realization of the algorithm was run on a personal computer Intel i7 and the running time for 

each optimization case did not exceed 4mn. 

 This optimization method provides optimal or near optimal solutions in the search space, whereas obtaining 

an exact solution by the combinatorial method is not realistic. 

 In future works, the proposed metaheuristic algorithm could be compared with other methods (other 

metaheuristics as Ant colony, Harmony search and hybridations with GSA (Yazdani, 2013;Yalaoui et al., 

2005;Yalaoui et al., 2011). Also, the influence of the size of the problem (increasing of combinatory) to the 

computing time and quality of the solutions could be studied further. This point is important in order to assess 

the algorithm performance for real cases.Also we propose study of hybrid system like gas solar and wind solar 

system. 
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