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ABSTRACT 
Multi-objective optimisation is a proven well known 

parameter tuning technique in complex power system 

problems. It is especially suited to solve complex transmission 

network expansion planning. This paper proposes a practical 

method for transmission network expansion planning by 

bacterial foraging technique. The electricity industry has 

always been interested in expanding investment in the 

transmission sector of the industry. As load demand increases 

and generation expands to meet the need, transmission 

expansion becomes important in order to increase social 
welfare by reducing total system operating cost, and to make 

the system more reliable. In this context, two objectives: 

investment cost and network adequacy restrictions are 

considered to overcome the drawbacks of conventional 

mathematical optimization method in arriving at local 

optimum and dimension disasters, we introduced the bacterial 

foraging technique into transmission network optimal planning 

for the first time, from which the optimal scheme is generated. 

The bacterial foraging is used as the optimization tool to 

obtain the Pareto approximation set solutions. The proposed 

algorithm is implemented on typical IEEE 6 bus systems and 

performance is assessed by statistical test. 

 

General terms:  

Algorithm, Performance, Verification. 
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1. INTRODUCTION 
Multiple objectives are often considered simultaneously in 

practical transmission network expansion planning [1][2][5]. 

Optimization is a procedure of finding and comparing feasible 

solutions until a better solution can be found. Most of the real 

world problems involve than one objective, making the 

multiple conflicting objectives to solve. As the real world 

problems involve simulation and optimization of multiple 

objectives, results and solutions of these problems which are 

different from single objective problem [4][11][19]. In multi 

objective optimization, there may not exist a solution that is 

best with respect to all objectives. Transmission network 

expansion planning (TNEP) is one of the important decision-

making activities in electric utilities. It determines the 

characteristic and future electric power network [12][13]. The 

planner has to estimate the most economic network which 

feeds the loads with the required degree of quality and to 

minimize construction and operational cost, while meeting 

technical and reliability constrains           [3-5].TNEP should be 

satisfy the required adequacy of lines for delivering safe and 

reliable electric power to load centre                                         

However bacterial foraging can find multiple solutions[2] [14] 

in one single simulation run due to their population based 

search based approach. Thus bacterial foraging is ideally suited 

for multi-objective optimization problems [18][19]. The 

earliest method to solve a multi-objective optimizer is to 

ignore one objective. The work focuses on applying the theory 

of Multi-Objective Optimization to the problem of 

Transmission expansion planning. Multi-objective 

optimization works appropriately for optimizing objectives 

with conflicting, non-conflicting, or uncertain relationships. It 

is also flexible and deals with objectives that are not 

commensurate. A deterministic approach is used to solve the 
multi-objective mixed-integer nonlinear Optimization 

numerical problem.  
 Transmission expansion planning is not a new area in 

power systems; it has always been a challenging subject of 

interest that evolves with time. Papers that consider only 

investment/construction cost as an objective are: The simulated 

annealing (SA) [10], method has been successfully applied to 

large-scale TNEP problem. The SA [12] tries to avoid local 

optima by allowing temporary, limited deterioration of actual 

solutions. The genetic algorithm (GA) [1][9] method is another 

type of newly adopted optimization approaches for the solution 

of the TNEP problem. GA [11][20]  is based on the mechanics 

of evolution and natural genetics. With the development of 

artificial intelligence [22](AI) theory and techniques, some 

new AI-based approaches to the transmission network optimal 

planning problem have been proposed in recent years, such as 

the expert system based and the artificial neural network 

(ANN) based methods. A recent paper on transmission 

network expansion planning, presented in the Power 

Engineering Society in San Francisco (June 2009), does not 

consider the full AC network model, power system operation 
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cost, or network constraints. Thus the evolutionary algorithms 

(EAs) cannot guarantee the optimality of the solutions; they 

are shown to be efficient in providing suboptimal solutions for 

various problems. Objectives for transmission expansion 

planning are often conflicting and the need for multi-objective 

optimization is important for decision-making purposes. All of 

the papers found in 1985-2009 treat the transmission 

expansion planning problem as a single-objective optimization, 

and objectives other than investment cost and/or operation cost 

are rarely mentioned.   

  The problem of transmission expansion in power 

system is modelled as a multi-objective programming problem. 

The multi-objective bacterial foraging technique approach is 

used to minimize the single-objective and multi-objective 

functions. The proposed model decides the capacity and 
location of the new facilities as well as the imported power 

from the grid through the main substation by minimizing two 

functions related to the total expansion cost and minimizes 

network adequacy restrictions. 

 

2. PROBLEM FORMULATION 
     The main objectives are minimization of installation 

cost of new facilities, minimization of system operational 

(maintenance and lost energy) cost, and enhancement of 

system reliability. 
 

2.1 Objective Functions 
 The former (objective-1) deals with minimization of 

network adequacy restrictions. The latter (objective- 2) is 

optimized by minimizing total cost. 

 

2.1.1 Network Adequacy Restriction 

             
The transmission network is a mixed integer non-linear. 

The TNEP problem is a mixed integer non-linear optimization 

problem. Due to consider the proposed objective function is 

defined as 
 

Fitness= ijnij-CAw*(T-To)
 2                                        (1) 

    Where 

    CLij   = construction cost o each line in branch i-j. 

    Nij    = number of new circuits in corridor i-j. 

     Ω     = set of all corridors. 

    CAW = annual worth of transmission network adequacy. 

      To  = required time for missing the expanded network 

 adequacy 

       T  = required time for missing the expanded network

 which is calculated by bacterial foraging. 

 

2.1.2 Minimization Operational Cost 

        

Min = ijnij+αi i-δi i                                               (2) 

Where 

     Cij   =cost of circuit i-j. 

      nij   = number of added circuits 

      di    = demand in bus i. 

       r   = load shedding vector 

     αi,δi=factors that transform load shedding and   

 demand in financial values                           

2.2 Constraints 

       
Several restrictions have to be modelled in a 

mathematical solutions are in line with planning requirements. 

Thus the constrain of the problem is  

 

Sf+g-d=0 

 fij -Rij(nij
0
 +nij) (θi-θj) =0                                             (3) 

 

  Where 

       S   =branch node incidence matrix of the power   

              system. 

             f    = active power matrix in each corridor  
       g   = generation vector 

             d   =  demand vector 

             θij  = phase angle in bus i and bus j. 

             fij   = power flow 

            Rij   = susceptance of circuit i-j 

            nij
0 

= number of initial circuits in corridor i-j 

            nij   = number of added circuits 

 

             In this, the objective function is different and the goal 

is to obtain the number of required circuits for adding to the 

existed network along the specific planning horizon. For the 

solution of this problem, there are various methods such as 

classic mathematical and heuristic methods. But for our work 

solving this TNEP problem, bacterial foraging technique is 

used to optimize and for implementation. 

 

3. MULTI-OBJECTIVE OPTIMIZATION 

PROBLEMS 
        Multiple objective problems are solved using a variety 

of different approaches [18][19]. Often the multi-objective is 

combined into a single objective so that optimization and 

mathematical methods can be used. In general, for a problem 

with n objective functions, the multi-objective formulation can 

be as follows  
 
Minimize/maximize fi(x) for i=1, 2, 3...n 

Subject to 

Gj(x) ≤0 j=1, 2...J 

Hk(x) =0 k=1, 2...K                                          (4) 

 

       There are n objectives and p variables so f(x) is an n 

dimensional vector and x is a p dimensional vector 

corresponding to p decisions or variables, solutions to a 

multi-objective optimization problem are often 

mathematically expressed in terms of nondominated or 

superior points.  

We say in maximization problem that x dominates y if 

fi(x) ≥ fi(y)   i and fi(x)> fi(y)   

for at least one i i {1,2...n}; 

    Similarly, for a minimization problem dominates y if 

fi(x) ≤ fi(y)   i and fi(x) < fi(y) 

 

       X is defined as the set of feasible solutions or feasible 

decision alternatives. Thus, in a maximization problem x is 

non-dominated in X.Then the optimal solutions to a multi 

objective optimization problem are in the set of non dominated 

solutions N [13][14], and they are usually known as pareto 

optimal set. Generally the two most common approaches to 

solve multiple objectives are: combine them into a single 

objective function and obtain a single solution, obtain set of 
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non-dominated Pareto optimal solutions. Thus there is a need 

to bridge the gap between single solutions and Pareto optimal 

sets. 

           The Pareto set includes all rational choices, among 

which the decision maker has to select the final solution by 

trading the objectives against each other. The search is then not 

for one optimal solution but for a set of solution that are 

optimal in a border sense. There are a number of techniques to 

search the solution for Pareto optimal solutions. The objective 

of this search is to achieve this balance, by introducing two 

practical methods that reduce the Pareto optimal set to achieve 

a smaller set called the ―pruned pareto set‖. 

 

                          

 

 

 

 

 

4. BACTERIAL FORAGING 
The bacterial foraging technique which is tailored for 

optimizing difficult numerical functions and based on 

metaphor of human social interaction. Its paradigm be 

implemented in simple in simple form of computer codes and 

is computationally inexpensive in terms of both memory and 

speed. Vectors are taken as presentation of particle since most 

optimization problems are convenient for such variable 

presentations. 

Nowadays Bacteria Foraging technique is gaining 

importance in the optimization problems. Because search 

strategy of bacteria is salutary (like common fish) in nature 

and Bacteria can sense, decide and act so adopts social 

foraging (foraging in groups). A group of bacteria move in 

search of food and away from noxious elements — a 

biological method known as foraging [16]. All bacteria try to 

move upward the food concentration gradient individually. At 

the initial location they measure the food concentration and 

then tumble to take a random direction and swim for a fixed 

distance and measure the concentration there. This tumble and 

swim make one chemo tactic step. If the concentration is 

greater at next location then they take another step in that 

direction [10][11][12]. When concentration at next location is 

lesser that of previous location they tumble to find another 

direction and swim in this new direction. This process is 

carried out up to a certain number of steps, which is limited by 

the lifetime of the bacteria. At the end of its lifetime the 

bacteria that have gathered good health that are in better 

concentration region divide into two cells. Thus in the next 

reproductive step the next generation of bacteria start from a 

healthy position. The better half reproduces to generate next 

generation where as the worse half dies. This reproduction step 

is also carried out a fixed number of times. In the optimization 

technique we can take the variable we want to optimize as the 

location of bacteria in the search plane (the plane where the 

bacteria can move).The specifications such as number of 

reproductive steps, number chemo tactic steps which are 

consisted of run (or swim) and tumble, swim length, maximum 

allowable swims in a particular direction [18][19][20]are given 

for a particular problem then the variable can be optimized 

using this Bacteria Foraging Optimization technique.  

 

5. ALGORITHM 
Step 1 : Initialize parameters n, N, NC, Ns, Nre, Ned, Ped,C(i)  

             (i = 1,2,....N) , i. 

               Where,                                             

    n    : dimension of the search space                

    N   : the number of bacteria in the population.   

    Nc   : chemotactic steps.                                            

                   Nre  : the number of reproduction steps           

    Ned : the number of elimination dispersal events   
              Ped   : elimination dispersal with probability. 

   C(i) : the size of the step taken in the random 

                                 direction specified by the tumble. 

Step 2: Elimination–dispersal loop: l = l+1. 

 

Step 3: Reproduction loop: k = k+1. 

 

Step 4: Chemo taxis loop: j = j+1. 

Sub step a: For i = 1,2,. . . ,N, take a chemo tactic step for 

                     bacterium i as follows. 

Sub step b: Compute fitness function                 ITSE (i; j; k; l) 

Sub step c: Let ITSElast=ITSE(i,;j;k; l) to save this value since we  

              may find a better cost via a run 

Sub step d: Tumble: generate a random vector n  

                     with each element (i), m = 1,2,. . . ,p, a. 

Sub step e: Move: Let , 

                (5) 

                     This results in a step of size C(i) in the direction   

                      of the tumble for bacterium i. 

 

Sub step f:  Compute ITSE (i,j+1,k,l). 

Sub step g: Swim. 

i. Let m = 0 (counter for swim length). 

ii. While m < Ns (if have not climbed 

down too long). 

iii. Let m = m +1.If (ITSE (i,j+1,k,l)< ITSElast 

                                        ( if doing better),  

                               iv)     let ITSElast = ITSE (i, j+1, k, l) and                       

                                         let, 

        (6) 

v)  Else, let m = Ns. This is the end of the while 

statement. 

Sub step h: Go to next bacterium (i,1) if i ≠ N (i.e., go to [sub  

                     step b] to process the next bacterium. 

Step 5: If j < Nc, go to step 3. In this case, continue  

               chemo taxis, since the life of the bacteria is not over. 

Step 6: Reproduction: 

Sub step a: For the given k and l, and for each i = 1,2,. . . ,N,  

                     let 

       ISTEi
health =                            (7) 

 the health of the bacterium i (a measure of                       

many nutrients it got over its lifetime and how                     

successful it was at avoiding noxious 

substances).  

 

Single 

solution 

 

solutio

n 

Pareto 

optimality 

Continuum 
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 Sub step b: The Sr bacteria with the highest ITSE health values 

                      die and the remaining  Sr  bacteria with the   best 

                      values split (this process is     performed    by the   

               copies that are made are placed at the same  

                location as their parent). 

 Step 7: If k < Nre, go to [step 3]. In this case, we have   not 

               reached the number of specified reproduction steps,  

                so we start the next generation of the chemotactic  

                loop.                          

Step 8: Elimination–dispersal:    For   i = 1,2,. . .... ,N,      with  

             probability Ped,    eliminate   and   disperse           each  

             bacterium,    which    results   in   keeping   the number 

             of bacteria in the population constant. To do    this, if a    
 bacterium is    eliminated, simply        disperse one to 

a  random     location  on the  optimization  domain.  

If l < Ned, then go to [step 2]; otherwise end. 

 

6. FLOWCHART 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7. RESULTS AND DISCUSSION: 
 The proposed algorithm to solve the transmission 

network expansion planning problem bacterial foraging is 

applied and implemented. In order to compare the 

proposed bacterial foraging algorithm to the already 

established genetic algorithm [12] and to prove the validity 

of the proposed planning techniques, it was applied to the 

IEEE garvers 6 bus systems. The configuration of the test 

system before expansion is given. In order to solve the 

transmission network expansion planning considering 

network adequacy restrictions and operational cost, the 

proposed bacterial foraging is implemented for various 

missing the expanded network adequacy. The load data’s 

is also given. A minimization of the objective function 

given by subject to the constraints given has been made 

using the nonlinear programming  
 

 

  

 

 

 

 

 

 

 

 Fig 1. Garvers existing 6 bus system with existing data 

future   load and generation. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 2. Network with possible routes 

           

Table 1. CONFIGURATION OF THE NETWORK 

 

From  bus To  bus Length (km) 

1 2 40 

1 4 60 

50 80 

1 

240 

16

5 

40 

3 

5 

240 

2 

4 6 

 

 

 

 

 

 

 

 

160 

545

5 

50 80 

1 

240 

165 

40 

3 

5 

240 

2 

4 6 
160 

545 

Start 

Initialize 

Elimination dispersal 

Reproduction 

Chemo taxis j=j+1 

Compute fitness 

Tumble generate a random   

vector 

i≠N 

Best individual is calculated 

Stop 

Yes 

 

No 
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1 5 20 

2 3 20 

2 4 40 

3 5 20 

6 2 30 

6 4 30 

6 3 48 

 

          The power flow values obtained after the first iteration 

are given in table. It is clear that the route between bus 6 and 

bus 2 has the maximum overload. Therefore, a line is added 

(with a 100 MW capacity) to this route. After this addition, the 

maximum overload is now shifted to the path connecting buses 

6 and 4. Hence, a line is added to this path. As a result, the 

overload is back on the 6-2 path, which has been encountered 

before in this iteration. 

 

Table 2. POWER FLOW IN THE FIRST ITERATION 

Line Flow(MW) Bus to bus 

1 31.99 2-1 

2 21.33 4-1 

3 23.32 1-5 

4 121.68 3-2 

5 0 4-2 

6 100 3-5 

*7 259.31 6-2 

*8 181.33 6-4 

*9 104.35 6-3 

*10 116.67 3-5 

 

Table 3. POWER FLOW IN THE SECOND ITERATION 

Line Flow(MW) Bus to bus 

1 32.18 2-1 

2 33.41 4-1 

3 35.60 1-5 

4 .0010 3-2 

5 17.94 4-2 

6 99.97 3-5 

7 99.99 6-2 

8 76.07 6-4 

*9 154.23 6-3 

*10 135.28 6-4 

*11 79.39 6-3 

*12 104.42 3-5 

 

 

Fig 3. Two circuits added in iteration one. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4. Final expanded network 

The process of adding new lines, minimizing the objective 

function subject to the specified constraints is repeated until no 

overload exists. In order to investigate the effectiveness of the 

loss coefficient k, different values are considered where the 

case of k = 500 is presented in detail. 

The proposed bacterial foraging multi-objective transmission 

system planning algorithm is evaluated via computer 

simulation 

 

Choice of Parameters: 

 The number of bacteria, s=25  

 Number of chemo tactic steps Nc=20  

 Limits the length of a swim Ns=4 

 The number of reproduction steps Nre=4 

 The number of elimination- 

 dispersal events Ned=2 

 

 

24.74 

50 80 

1 

240 

165 

40 

3 

5 

240 

2 

4 6 
160 

545 

19.64 

24.89 

4.31 

99.67 

247.3 

220.3 

12.69 

197.4

8 

Assumed existing 
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Fig 5. Searching particles during 1st iteration 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig 6. Searching particles during 2nd  iteration 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 7.  Particle search final iteration 

 

At the end of iteration  

pbest =  0.7699 

    -1.0053 

Increase of uncertainness demand, the network adequacy 

also increasing, therefore the network also expanding. 

meanwhile expansion cost of the network is increased. The 

proposed method results show that expansion cost lower. The 

fig.8 shows network adequacy versus network expansion cost. 

The optimal values of demand in each load bus are shown in 

table.6 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Fig 8. Adequacy curve with respect to network expansion cost 

 

 

 

 

 

 

                           

Fig 9. Comparison result 

Table 4. Proposed Configuration and Cost for Network 

Expansion With Respect To T0= 8years 

Corridor Number Of 

Required Circuits 

Expansion 

Cost 

2-6 4  

23.65 

M$US 
5-6 1 

 

Table 5. Proposed configuration and cost for network 

expansion with respect to TO = 10years 

 
Corridor Number Of 

Required 

Circuits 

Expansion 

Cost 

2-6 4  

27.59 

M$US 
3-5 1 

4-6 2 

 
Table 6. Calculated demands and optimal solution: 

 
Load bus OS 1(MW) OS 2(MW) 

1 75.39 74.42 

2 227.16 219.40 

3 41.13 39.62 

4 146.61 145.13 

5 219.71 231.13 
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8. CONCLUSION 
           In this paper, a new approach a modified bacterial 

foraging algorithm has been presented and applied to 

transmission network expansion planning problem for standard 

IEEE 6-bus system. The problem has been formulated 

Multiobjective optimization with operational cost and network 

adequacy restriction objectives. The results show that proposal 

approach is efficient for solving multi objective transmission 

network expansion planning problem. Finally, using the 

adequacy index on the expansion cost, an optimized plan is 

acquired with respectively lower expansion cost according to 

specified adequacy and the proposed investment of 

transmission network expansion planning represents further 

development and improvement in this work. 

       The results using the proposed approach compared to 

other techniques. It is clear that the proposed approach novel 

promising alternative to solve the Multi objective optimization 

problem and solution of transmission network expansion 

planning considering network adequacy restriction using 

bacterial foraging algorithm is shows that the expansion cost is 

decreased. 
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