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Abstract - Since electric distribution network reconfiguration accounts for various operational constraints it is a 

combinatorial optimization problem. This paper presents a fuzzy multi-objective approach to improve the efficiency of radial 

electric distribution network by reducing active power loss and node voltage deviation. Multiple objectives considered are 

minimizing the active power loss and minimizing node voltage deviation, subject to a radial network structure in which all 

loads must be energized. Evaluations of imprecise nature of these two objectives are modeled with fuzzy sets. Depending on 

relative importance weighing factors can be assigned to each objective. The effectiveness of the proposed method is tested 

with IEEE 33 bus radial distribution system for minimization of system active power loss and reducing node voltage 

deviation. 

 

Keywords - Electric Distribution Network, Fuzzy Logic, Multi-objective optimization, Radial distribution System, 

Reconfiguration. 

 

I. INTRODUCTION 

 

Power distribution systems are usually configured radially, but the act of opening or closing switches or protection devices 

can possibly change the topology of such systems. In this context, the network is reconfigured to maintain its radial topology 

and also to reduce power losses at the feeders, to enhance the voltage profile for customers, and to increase the reliability 

levels.  

 

A Radial distribution system is a combination of Sectionalizing switches (Normally Closed) and Tie switches (Normally 

Open). By performing switching actions, we can alter the topology of the network and obtain the best possible configuration. 

The switching action depends on the number of switches. The greater the number of switches more is the possibilities of 

reconfiguration. To minimize the number of switching actions, we incorporate different methods. Though there are many 

options for reducing losses in a distribution system viz., reconfiguration, capacitor placement, load feeder balancing etc., 

reconfiguration is the most preferred method because it requires no extra equipment to be installed and is cost effective. 

 

In recent years, considerable research has been conducted for loss minimization in the area of network reconfiguration of 

distribution systems. Various algorithms are proposed and tested for network reconfiguration.  

 

Merlin, et al [1], first proposed reconfiguration for distribution system. For determining minimum loss configuration he used 

a branch-and-bound-type optimization technique. In this method, meshed network is first formed by closing all network 

switches. Radial configuration is then restored by opening switches one after another. Based on the method presented by 

Merlin, et al [1], Shirmohammadi, et al [2], presented heuristic algorithm. In this method also, the optimum flow pattern in 

the network is established by closing all of the network switches and then opening it one after another.This helped 

overcoming many approximations of Merlin, et al [1] algorithm. 

 

The heuristic algorithm based on power flow is proposed by Goswami, et al [3]. It has used Shirmohammadi, et al’s [2] 

method to determine the minimum loss configuration of radial distribution networks. To determine a distribution system 

configuration, simplified formula is developed by Civanlar, et al [4] to calculate the loss reduction that has resulted due to 

load transfer between two feeders.It has considered only one objective that is power loss reduction.To obtain global optimal 

or, at least near global optimal solutions for reconfiguration of distribution network Chiang, et al [5,6] and Jeon, et al [7] have 

proposed solution techniques, using simulated annealing. But it is very time consuming. Using simulated annealing technique 
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Jiang, et al [8] have presented an algorithm for switch reconfiguration and capacitor control of distribution system. Lee, et al 

[9] has proposed a performance index based approach using heuristic rule for resistive loss reduction. Aoki, et al [10] have 

altogether different approach for this problem. They have formulated it as a discrete optimization problem. Pattern recognizer 

neural networks are used by Fereidunian, et al [11] for distribution reconfiguration algorithm. Wagner, et al [12] has 

presented comparison of various methods which are applied to network reconfiguration for loss reduction. They have that 

suggestedthat substantial savings can be provided by heuristic approaches so these are suitable for real time implementation. 

Algorithms employing artificial intelligence for network reconfiguration of distribution network are proposed byHsiao, et al 

[13], Jeon, et al [14], Shin, et al [15], Hsiao [16], Lin, et al [17], Das [18] and Hong, et al [19]. The disadvantage with most of 

the above mentioned algorithms is that they focus only power loss reduction as the objective of network reconfiguration. Few 

even though have considered multiple objectives;they have employed global optimization approaches such as genetic 

algorithms, evolutionary programming, and simulated annealing and hence are not suitable for real time implementations. 

 

In the light of the above developments and subject to operational and electric constraints this work formulates the network 

reconfiguration problem as a multiple objective problem. The proposed method makes use of heuristic rules for selection of 

tie-switch for operation. The objectives considered for problem formulation are  

1. Minimization of the system power loss.  

2. Minimization of the deviations of the nodes voltage.  

 

II. MEMBERSHIP FUNCTIONS FOR DIFFERENT OBJECTIVES 

 

Fuzzy multi-objective method in this paper is developed by D. Das [18].Each objective in fuzzy domain is associated with a 

membership function. The degree of satisfaction of the objective is indicated by the membership function. In the crisp theory, 

the objective is either satisfied or it is not satisfied. If satisfied, membership value is unity and in case of violation it is zero. 

But in fuzzy sets varying degrees of membership function values can be assigned. It can range from zero to unity. Thus, 

fuzzy set theory is an extended form of standard set theory. 

 

3.1 Membership Function for Real Power Loss Reduction (𝛍𝐋𝐢) 

The efficiencyofdistributionnetwork can be increased byminimizingthe activepower loss. Therefore, the aim of this fuzzy 

membership function is to reduce the active powerloss of the system. 

 

𝑥 𝑖 =
𝑃𝑙𝑜𝑠𝑠 (𝑖)

𝑃𝑙𝑜𝑠𝑠 (0)
       𝑓𝑜𝑟 𝑖 = 1,2,3, … , 𝑁𝑘                                                                              (1) 

 

where,Nk is the total number of branches in the loop including tie-branch, wheni
th 

tie-switch is closed,𝑃𝑙𝑜𝑠𝑠 (𝑖)is the total real 

power loss of the radial configuration of the system wheni
th 

branch in the loop is opened, and 𝑃𝑙𝑜𝑠𝑠 (0)is the total real power 

loss before network reconfiguration. 

 

Fromequation(1) it  can be expressed that ifxi is high,powerloss reduction is lowand, hence,a lower membership value is 

assigned andifxi is low, the power loss reduction is high and a higher membership value is assigned. 

 

The membership function for real power loss reduction is given in Figure 1. From Figure 1, μLi Can be written as 

 

𝜇𝐿𝑖 =
 𝑥𝑚𝑎𝑥 − 𝑥𝑖 

 𝑥𝑚𝑎𝑥 − 𝑥𝑚𝑖𝑛  
 ,    𝑓𝑜𝑟 𝑥𝑚𝑖𝑛 < 𝑥𝑖 < 𝑥𝑚𝑎𝑥                                                         (2) 

 

Where, 

𝜇𝐿𝑖 = 1 ,   𝑓𝑜𝑟 𝑥𝑖 ≤ 𝑥𝑚𝑖𝑛  

𝜇𝐿𝑖 = 0 ,   𝑓𝑜𝑟 𝑥𝑖 ≤ 𝑥𝑚𝑎𝑥  
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Figure 1.Membership function for power loss reduction. 

 

In this study, it is assumed that 𝑥𝑚𝑖𝑛 = 0.5 and 𝑥𝑚𝑎𝑥 = 1. This indicates that if the loss is 50% or less of the Ploss(0), the unity 

membership value is assigned and if the loss is 100% or more of Ploss(0), the zero membership value is assigned. 

 

3.2 Membership Function for Maximum Node Voltage Deviation (𝛍𝐕𝐢) 

 

The aim of this membership function is that the deviation of node voltages should be less. Let us define 

 

𝑦𝑖 = 𝑚𝑎𝑥 𝑉𝑖 ,𝑗 − 𝑉𝑠  ,   𝑓𝑜𝑟 𝑖 = 1,2,3, … , 𝑁𝑘   𝑎𝑛𝑑  𝑗 = 1,2,3, … , 𝑁𝐵                                         (3) 

 

where, Nk is total number of branches in the loop including the tie branch, when the i
th

 tie switch is closed; NB is total number 

of nodes of the system; 𝑉𝑠is voltage of the substation (in per unit); and 𝑉𝑖 ,𝑗  is voltage of node corresponding to the opening of 

the i
th
 branch in the loop (in per unit). 

 
 

Figure 2.  Member Ship Function for Maximum Node Voltage Deviation 

 

In fuzzy environment of the research, if the maximum voltage deviation is less, then a higher membership value is assigned 

and if deviation is more, then a lower membership value is assigned. Figure 2 shows the membership function for maximum 

node voltage deviation. From Figure 2, we can write 

 

𝜇𝑉𝑖 =  
 𝑦𝑚𝑎𝑥 − 𝑦𝑖 

 𝑦𝑚𝑎𝑥 − 𝑦𝑚𝑖𝑛  
 ,    𝑓𝑜𝑟     𝑦𝑚𝑖𝑛 < 𝑦𝑖 < 𝑦𝑚𝑎𝑥                                                             (4) 

 

Where 

𝜇𝑉𝑖 = 1,     𝑓𝑜𝑟  𝑦𝑖 ≤  𝑦𝑚𝑖𝑛  

𝜇𝑉𝑖 = 0,     𝑓𝑜𝑟  𝑦𝑖 ≤ 𝑦𝑚𝑎𝑥  
 

In this study, 𝑦𝑚𝑖𝑛 = 0.05 and 𝑦𝑚𝑎𝑥 = 0.10 have been considered. 𝑦𝑚𝑖𝑛 = 0.05 means if the substation voltage is 1.0 per unit, 

then the minimum system voltage will be 0.95 per unit and if the minimum system voltage is greater than or equal to 0.95 

p.u., the unity membership value is assigned. Similarly, if 𝑦𝑚𝑎𝑥 = 0.10, the minimum system voltage will be 0.90 per unit and 

if the minimum system voltage is less than or equal to 0.90 per unit, the zero membership value is assigned. 
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III. MULTIOBJECTIVE OPTIMIZATION 

 

In many real-world design or decision making problems Global optimization techniques are not just used for finding the 

maxima or minima of single functions 𝑓 but they are rather applied to sets 𝐹consisting of n = |𝐹| objective functions𝑓𝑖 , each 

representing one criterion to be optimized. 

 

𝐹 =  𝑓𝑖 : 𝕏 → 𝑌𝑖 ∶ 0 < 𝑖 ≤ 𝑛, 𝑌𝑖 ⊆  ℝ                                                                                      (5) 

       

Algorithms designed to optimize such sets of objective functions are usually named with the prefix Multi-objective, 

 

Vilfredo Pareto 110 years ago has laid the mathematical foundation for multi-objective optimization which considers 

conflicting criteria in a fair way.  Pareto optimality became an important notion in economics, game theory, engineering, and 

social sciences. It defines the frontier of solutions that can be reached by trading-off conflicting objectives in an optimal 

manner. From this front, a decision maker either a human or an algorithm can finally choose the configurations that, in his 

opinion, suit best. The notation of optimal in the Pareto sense is strongly based on the definition of domination. 

 

An element 𝑥1dominates an element 𝑥2 if 𝑥1is better than 𝑥2in at least one objective function and not worse with respect to 

all other objectives.  

 

An element 𝑥∗ ∈  𝕏is Pareto optimal and hence, part of the optimal set 𝑋∗, if it is not dominated by any other element in the 

problem space 𝕏. In terms of Pareto optimization, X⋆is called the Pareto set or the Pareto Frontier. 

 

IV. FUZZY MULTIOBJECTIVE OPTIMIZATION 

 

When there are multiple objectives to be satisfied simultaneously, it is required to find Pareto Optimal solution. One solution 

methodology for the multi-objective optimization in fuzzy framework can be performed by using max–min principle [20-21]. 

It is described as follows.  

 

1. The Membership values of all the different objectives are evaluated for each option considered. For example, when the k
th

 

tie switch of a distribution system is closed, a loop is formed with Nk number of branches in the loop. Now, opening each 

branch in this loop is an option. After opening the i
th

 branch in this loop (radial structure is retained), the load-flow run was 

carried out to compute  𝜇𝐿𝑖  and  𝜇𝑉𝑖   for i=1,2,3…Nk . 

 

2.  The degree of overall satisfaction for this option is the minimum of all the above membership values.  

 

Now, a fuzzy decision for overall satisfaction may be defined as the choice that satisfies all of the objectives and if we 

interpret this as a logical “and”, we can model it with the intersection of the fuzzy sets then it is given by  

 

Dk,i = min {w1*μLi, w2*μVi},      for i= 1,2,…Nk    (6) 

 

Where, w1, w2 are weighting factors which can be used to assign relative importance to the objectives during optimization. 

 

3.  The optimal solution OSk is the maximum of all such overall degrees of satisfaction. In the present work, the classical 

fuzzy set union is used and the fuzzy decision for an optimal solution is then given by  

 

OSk = max {Dk,i},             for i = 1, 2, …, Nk  (7) 

 

V. ALGORITHM 

 

The optimal switching strategies for network reconfiguration proposed by most of the researchers need to consider every 

candidate switch to evaluate the effectiveness of loss reduction, and extensive numerical computation is often required. In the 

present work, heuristic rules are considered which minimize the number of tie-switch operations. These heuristic rules are 

explained below. 

 

In the first iteration, compute the voltage difference across all of the open tie switches and detect the open tie switch across 

which the voltage difference is maximum. If this maximum voltage difference is greater than some specified value say 𝛿, 

then this tie switch is considered first. It is expected that because of the largest voltage difference, this switching will cause 
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maximum loss reduction, and improvement in system voltage. It will also provide better load balancing. In the next iteration, 

the same procedure is repeated for the remaining tie-switches and so forth. If, in any iteration, this maximum voltage 

difference is less than the specified value (𝛿), then this tie-switch operation is discarded. A complete algorithm for the 

proposed method of the network reconfiguration process is given below: 

 

Step1. Read system data. 

Step2.  Run the load-flow program for distribution networks. 

Step3.  Compute the voltage difference across the open tie switches (i.e. Δ𝑉𝑡𝑖𝑒 (𝑖)𝑓𝑜𝑟 𝑖 = 1,2, … 𝑛𝑡ℎ  𝑡𝑖𝑒) 

Step4.  Identify the open tie switch across which the voltage difference is maximum and its code k (i.e.𝛥𝑉𝑡𝑖𝑒𝑚𝑎𝑥 =
 Δ𝑉𝑡𝑖𝑒  𝑘 ) 

Step5.  If 𝑉𝑡𝑖𝑒𝑚𝑎𝑥 > 𝛿 go to Step6 otherwise, go to Step10. 

Step6.  Select the tie switch “k” and identify the total number of loop branches (Nk) including the tie branch when the tie 

switch “k” is closed; 

Step7.  Open one branch at a time in the loop and evaluate the membership value for each objective and also evaluate the 

overall degree of satisfaction (i.e., for i = 1 to Nk, compute μLi, μVi, using (2) and (4), respectively, and evaluate: 

Dk,i = min{w1*μLi,w2*μVi}; Where w1 and w2 are weighting factors for power loss and voltage deviation which are 

defined by operator depending on relative importance of corresponding objectives. In proposed  study same value is 

assigned to w1 and w2which means equal importance to both objectives. 

Step8.  Obtain the optimal solution for the operation of tie switch “k”, (i.e., OSk = max{Dk,i}, for i = 1, 2, …, Nk). 

Step9.  Rearrange the coding of the rest of the tie switches and go to Step2. 

Step10.  Print output results; 

Step11. Stop. 

 

VI. EXPLAINATION OF PROPOSED METHOD 

 

Proposed algorithm is explained by using standard IEEE 33 Bus system. Consider the sample radial distribution system as 

shown in Fig. 3. It is assumed that every branch has a sectionalizing switch. This system has one feeder, five tie branches, 

and five tie switches. Initially, run the load-flow program. Now compute the voltage difference across all of the open tie-

switches and detect the open tie-switch across which the voltage difference is maximum. Say the voltage difference across 

the open tie switch, S35 (Fig. 5) is maximum. Now check whether this voltage difference is greater than some specified value 

(𝛿 ) or not. Say this voltage difference is greater than  ; therefore, this tie switch S35 will be considered first. 

 

 
 

Figure 3. IEEE 33 Bus 

 

Now if tie S35 is closed, a loop will be formed and the total number of branches including tie branch (12–22) in this loop will 

be 15. These branches are 12–22, 22–21, 21–20, 20–19, 19–2, 2–3, 3–4, 4–5, 5–6, 6-7, 7-8, 8-9, 9-10, 10-11 and 11-12. 

Opening each branch in this loop is an option. As discussed, for each option considered, the membership values of all the 
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objectives are evaluated. Therefore, to maintain radial structure one branch at a time in the loop is opened and the 

membership value of each objective is evaluated. 

 

To explain, as tie switch S35 is closed, to maintain radial structure first open the sectionalizing switch of branch 22–21 and 

run the load-flow program. After that, compute μLi and μVi using (2) and (4) respectively. Now the overall degree of 

satisfaction for this option using (6)  is 

 

𝐷1,1 = min{ 𝜇𝐿1 , 𝜇𝑉1}                                                                         (8) 

 

Note that here loss and node voltage deviation has given equal priority so w1 and w2 are taken to be 1. Now close the 

sectionalizing switch of branch 21–20, and open the sectionalizing switch of branch 22–21 and run the load-flow program. 

Now, the overall degree of satisfaction for this option is computed as  

 

𝐷1,2 = min 𝜇𝐿2  , 𝜇𝑉2                                                                           (9) 

 

Similarly, 𝐷1,1, 𝐷1,2 … , 𝐷1,15  have to be computed. The optimal solution  𝑂𝑆1 for tie switch S35 is the maximum of all such 

overall degrees of satisfaction. Therefore, the optimal solution for tie switch S35can be given as  

 

  𝑂𝑆1 = 𝑚𝑎𝑥{ 𝐷1,1, 𝐷1,2 … , 𝐷1,15}                   (10) 

 

Assume,𝑂𝑆1 =  𝐷1,2 , which means the optimal solution for this tie switch S35 operation can be obtained by opening the 

sectionalizing switch of branch 22–21 and closing the tie switch  of the tie branch 22–12, and the radial structure of the 

network is retained. Fig. 4 shows the radial configuration of the network after the first switching operation.  

 

 
Figure 4. Reconfiguration with S35 Closed 

 

Again, run the load-flow program, and the voltage difference across the remaining open tie switches (i.e S33, S34, S37 and 

S37) is computed and suppose the voltage difference across tie switch S34 is maximum. Now check whether the voltage 

difference across S34 is greater than 𝛿 or not. If it is greater than 𝛿 then tie switch S34 is closed to form a loop in this system 

and a similar procedure is repeated as mentioned before.  

 

Suppose the optimal solution for this tie switch (S34) operation suggests opening the sectionalizing switch of branch 10–11 

and closing the tie switch (S34) of the tie-branch 9–15. Therefore, the sectionalizing switch of branch 10–11 must be opened 

and the tie-switch (S34) of the tie-branch 9–15 must be closed. Fig. 5 shows the radial configuration of this network which 

gives optimal solution. Again, run the load-flow program and the voltage difference across remaining tie-switches is 

computed. Same procedure as discussed above is repeated till all tie branches are tested. 
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Figure 5. Reconfiguration when S34 is closed 

 

VII. Results 

 

Simulation and testing of proposed algorithm is done in MATLAB with IEEE 33 Bus system. It is radial distribution system 

with one feeder, having nominal voltage of 12.66kv and all loads are balanced. It has 32 sectionalizing branches and 5 tie 

branches. It is shown in Fig.3.  Line and load data is provided in Appendix A. 

 

Before network reconfiguration, the total real power loss of this system is 208.45 kW. The minimum node voltage is 

0.91p.u.Fig. 6 shows the final radial configuration of the system.After reconfiguration, the total real power loss is 

138.92kW.The minimum node voltage is 0.94p.u. 

 

 

 
 

 

 

Figure 6. Bus Structure After Reconfiguration 
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Figure 7. Voltage Profile 

 

 

This clearly shows reduction of system power loss by 33.35% and improvement in node voltage deviation from 0.91pu to 

0.94pu. Table 1 gives detailed result along with tie switches before and after reconfiguration. System voltage profile is shown 

in Fig.7  

 
 

Table 1. Simulation Result 

 

VIII. CONCLUSION 

 

To solve network reconfiguration problem fuzzy multi-objective algorithm has been proposed in present work. The 

objectives considered are minimization of real power loss and minimization of the deviations of nodes voltage, subject to 

maintenance of the radial network structure. It is possible to consider few other objectives like minimization of branch 

current constraint violation and load balancing for optimization. The proposed algorithm also attempts to minimize the 

number of tie-switch operations which in turn reduces computational time. This simulation has proved the feasibility of the 

proposed algorithm. The obtained results are quite encouraging which suggests the implementation of the strategy on a large-

size distribution network. 
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