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                                                 ABSTRACT

            Neural networks include the capacity to map the perplexed & extremely non - linear relationship between load levels of zone and the system topologies, which is required for the feeder reconfiguration in distribution systems. This study is intended to purpose the strategies to reconfigure the feeders by using artificial neural n/w s with the mapping ability. Artificial neural n/w’s determine the appropriate system topology that reduces the power loss according to the variation of load pattern. The control strategy can be easily obtained on the basis of system topology which is provided by artificial neural networks.

          Artificial neural networks determine the most appropriate system topology according to the load pattern on the basis of trained knowledge in the training set . This is contrary to the repetitive process of transferring the load & estimating power loss in conventional algorithm.
ANN are designed to two groups: 

  1) The first group is to estimate the proper load data of each zone . 

  2)The second is to determine the appropriate system topology from input load level .

           In addition, several programs with the training set builder are developed for the design  the training & accuracy test  of A.N.N.

           This paper will present the strategy of feeder reconfiguration to reduce power loss, by using A.N.N. The approach developed here is basically  different from methods reviewed above on flow solution during search process are not  required .The training set of A.N.N is the optimal system topology corresponding to various load patterns which minimizes the loss under given conditions 

\

                                           INTRODUCTION 
            Distribution systems are the networks that transport electric energy to the end user from distribution substations. This system is radially structured, and closely connected so that widely distributed customers can be supplied. Each distribution line includes a number of line sections, sectionalizing switches installed on line sections, and other components such as tie switches connecting other distribution lines. In general the load balance or the reduction of power loss in considered as the goal for the feeder reconfiguration to eliminate the main transformer (MTr) or feeder overload under the normal operation condition. On the contrary, for the service restoration to supply the power to the faulted zone, the objective is to minimize the number of interrupted customers on the emergency condition. The feeder reconfiguration problem of distribution systems has been considered on the aspects of the planning and the operations as well as the on-line real time application resulting from the automation of distribution systems whose switches are remotely monitored and controlled. Several algorithms of the feeder reconfiguration have been presented, and their strategies are based on the fact that the demand loads allocated distribution lines or line sections show different characteristics such as the residential, the commercial, and the industrial so that the corresponding peak times are not consistent. Since the feeder reconfiguration is the combinatorial optimization problem, it takes a lot of time to reach the optimum. Therefore, it requires to reduce the computational burden so that the appropriate control strategies can be obtained quickly on an automated distribution system according to the variation of load patterns.
               With respect to the computation time, Civinlar suggested the reconfiguration algorithm to reduce the power loss. Their method is to approximately estimate the loss change when one line section is transferred to the other. Aoki et. al [2] presented the control loads in large sale distribution system.


Castro and Watanabe ([3]) developed the loss reduction algorithm of the feeder reconfiguration. They used the approximation method to calculate the voltage drop when the system status is examined after the load transfer. Taylor and Lubkeman [4] showed the feeder reconfiguration strategies based on a heuristic search technique, and Huddleston et. al. ([5]) presented the appropriate algorithm for a real time operation, utilizing the multiple switch pairs. These conventional methods reduce the computational time for a on-line real time application. By using a simplified method or heuristic search. However, they require the load flow solutions corresponding to the multiple processes of load transferring, in order to estimate the loss change according to the variation of load patterns on a given condition. 
WHY TO GO FOR ARTIFICIAL NEURAL NETWORKS? 

Artificial neural networks have the robustness for disturbance and the massive parallelism for the hardware implementation. With respect of these capabilities, artificial neural networks have been applied to power systems, (see[fig]), Especially, the method developed here has the powerful capability of on-line real time control on an automated distribution system, it being compared with the conventional computing technologies.


Based on the advantages of artificial neural networks, the feeder reconfiguration strategy developed here can solve the mapping problem of the complicate and extremely nonlinear relationship between the load levels of zones and the system topologies. Not only this the real time problem on an automated system, but also the problems that require the adaptive capability in order to obtain the satisfactory solution from the rather imprecise input data.
Here only the feeder reconfiguration by tie switch control will be considered in this automated distribution system. Artificial neural networks developed in this study will be evaluated the test distribution system. 
2. ARTIFICIAL NEURAL NETWORK –EXPERT SYSTEMS  


Artificial neural network based expert systems are the expert systems that do the work as the trained experts.Resenblatt developed a single-layer perception to handle the analog or binary value as an input .His model contains the adaptive learning capability to train a simple pattern. Kohonen presented the self organizing feature maps including the unsupervised learning capability .Furthermore, Hecht-Hielsen showed the counter propagation network on the basis of the results of kohonen and Grossberg. However, it is not possible to represent the complicate internal mapping between the input and the output and since only a single neuron of the internal layer in their network as the output ability


This study adopts the multi – layer feed forward machine developed by Rumelhart et. –al.. The multi-layer, perceptron has the abilities of not only handling the analog/binary input for the feeder reconfiguration but also mapping the complex and nonlinear input-output relationship with the hidden layer. The model is trained by the error back propagation algorithm, and then the adjustment process of the interconnecting weight and thresholds is repeated until the appropriate recognition capability is obtained.


Figure 1 shows the typical structure of three- layer feedforward neural networks. These networks are structured on the sequence of the input, the hidden, and the output layers, from the bottom. Each layer contains a number of nodes. Node is processing unit that receives the input from the nodes of the lower layer, and transmit the output to those of the upper layer.

[image: image1.wmf]LOAD LEVEL

OF ZONE1

[image: image2.bmp]


Wkj



Wjj




THREE – LAYER FEEDFORWARD NEURAL NETWORK

The training process of neural network consist of two stages, and the feedforward propagation process of the input pattern executed during the first stage. 

3. FEEDER RECONFIGURATION:

Distribution systems show the important characteristics themselves. The one is the structural characteristic in which several distribution lines in a distribution area are closely and parallelly distributed ( see figure 2). The distribution system can be reconfigured by controlling sectionalizes installed to separate line sections of each distribution line and tie switches installed at the connection points of distribution lines. That is, distribution system can be changed to the new system topology from ht previous one. The other is the load characteristic in general, the distribution loads show different characteristics according to their corresponding distribution lines and line sections, and therefore, load levels for each time period can be shown as non-identical. For example certain distribution line or line section can be overloaded, although the othe5rs are lightly loaded.


The purpose of feeder reconfiguration is to perform the optimal operation on a distribution system, by reconfiguring distribution lines so that the given objective is satisfied for the load patterns of line sections whose independent variations are extreme non-linear over the time period. Here, we will reconfigure the feeder so that the power loss, PL of Eq. (10) is minimized under the constraints of line capacity limits and voltage drop limits. The problem can be 















Fig. 2 : A Simple Distribution System ([3])

Mathematically formulated as follows:
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Where 

L: total number of line sections 

Ri, Vi,Pi, Qi, SLi, LCi: resistance, voltage, active power, reactive power, load, and capacity of line section i respectively.

LS(s,e) : the sequentially ordered set of all line sections over a directpat        P(s.e) from the starting node s to the end node e.

I1 : the load 
current of line section I

( 11 : sum of the load currents for all line 

i(LS(s,e) sections from line section I to the end  i (  ne section where the range of I is for the line section to the end line section on p(s.e)

z1 : the impedance of line section j

v0 : voltage drop limit at the end node e.

Notice that the first ad second constrains in Eq. (1) are the line capacity limit and the 


Notice that the first and second constraints in Eq. (1) are the line capacity limit and the voltage drop limit, respectively.

4. STRUCTURE OF CONTROL STRATEGY DETERMINATION


The control objects of the method proposed in this study are the remotely controllable switches on an distribution system. As shown in Figure 2. A single automatic switch is installed on each line section connecting two buses. And each zone is the load area separated by an automatic switch on a line section of the source side passing a load area and several automatic switches of the load side. The point to measure the electric power data is as shown in Fig. 2. The feeder reconfiguration problem can be formulated as the pattern recognition problem to find the control strategy that minimizes the objective function of Eq. (10) for all the combinations of load levels, obtained by leveling the zone load, Furthermore, this can be implemented in artificial neural networks, Figure 3 shows the overall structure that determines the most appropriate control strategy of switches so that the loss of power is reduced under the current load pattern on an automated distribution system.    P(KW)Q(KVAR) from metering point

    



















Fig – 3 : Structure of Control Strategy Determination

Fig 3 : is composed of two calculation blocks and two artificial neural network blocks. The first block is the program to calculate the zone load through the simple arithmetic operation with the metering data. And the calculation results are transmitted as the input of artificial neural networks. The second and third blocks represent artificial neural networks performing their respective purposes. Ad these blocks are designed in a similar structure to the one shown is [8]. Firstly the upper neural networks estimate the load level of each zone with the data of active/reactive power, and transmit the estimated load level to the lower neural networks. Based on the zone load level, the lower neural networks recognize the current load pattern, and determine the system topology satisfying the objective function. The result is provided as the input of Block 4 to determine the control strategy. Block 4 determines the control strategy with the system topologies for the previous load pattern and the newly recognized load pattern suggested by artificial neural networks. 


This control strategy represents the control sequence of switches in order to prevent the unexpected fault during the load transferring process. This study implements these blocks by the software. Generally, artificial neural networks are extremely powerful on the pattern recognition, while the conventional computer is efficient on the numeric processing. Therefore to design the hardware, it is desirable to opt the hybrid structure that Blocks 1 and 4 are designed as the conventional computing concept, and Blocks 2 and 3 are designed as artificial neural networks.

Determination of Zone Load.

The load data measured in remote distance is the line flow of each line, as shown in Fig. 2. Thus, the zone load can be found from Eq. (11) through the simple arithmetic operation.
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Where m is the number of zones, and ZL1 and LP1 are the load and line flow of the source side for zone I, respectively. And, LP1 is the line flow of line j of the load side for zone I and k is the number of line sections of the load side for zone i.

Determination of Load Level

To formulate the feeder reconfiguration problem into the pattern recognition problem, the load level of zone is classified into p levels with the peak demand, in terms of the percentage. The total combination number of load levels I pm if the it assumes that a given distribution system is composed of m zones and each zone load changes independently. Then the size of the training set for artificial neural networks represented by Block 3 will be increased by pm and it makes impossible to train artificial neural networks. Therefore, by considering the variation of load patterns the number of load levels and zones should be determined, where they are independent. We will give the detailed explanation about the determination process of these values in the numerical example of Section 6.


Assume that the numbers of load levels and zones are p ad m1 respectively. The actual load is distributed in p load levels, and its distribution will changed according to the time period, Therefore it is required to design artificial neural networks which can recognize the most similar load pattern to the one trained from the load data of each time period. Figure 4 represents artificial neural networks, which can recognize the most similar load pattern to the one trained from the load data of each time period. Figure 4 represents artificial neural networks to achieve this goal.


As shown in Figure 4, for the estimation of the load level of each zone, total artificial neural networks are designed, which are not dependent upon the load variation. This is to minimize the training time, by simplifying the structure of artificial neural networks, and reducing the site of the training set. After artificial neural networks receive the corresponding active and reactive power of each zone from the upper block.










Fig 4. Neural networks for the Estimation of Load Levels ([8]).



Program as the input, it determines the out put that is the most similar load level to the input pattern, Then the active power and the reactive power reflect the changes of current and voltage, respectively.

     In order to represent the zone load level, the corresponding artificial neural networks are designed to have” p” output units that is the same number of load levels. The output unit corresponding to the most appropriate load level has the value “1” and the others have “0”, where the value of each unit is either 0 or 1.

  Determination of System Topology:   
When the load level of a certain zone changes differently from the previous load level, the on/off status of each switch should be controlled according to the control strategy,  in order to reduce the power loss. In other works, the distribution system should be operated on the new system topology. Artificial neural networks can be designed to control the switch status and to determine the system topology directly so that the appropriate objective value is obtained according to the variation of load pattern, However, for the former case, the same number of artificial neural networks as that of switches should be designed, and when the accuracy for the response is low, the process to obtain the satisfactory control strategy is complicate. There fore, this study suggests the latter case to the load pattern so that the satisfactory control strategy is easily obtained and the number of artificial neural networks is possibly reduce, although the a accuracy for the response of artificial neural networks becomes rather low.

        In practice, a lot of optimal system topologies are similar, which are obtained on the basis of the training set. For the latter case, the number of artificial neural networks to determine the system topology can be reduced to the number of unique topologies form the number of load level combinations. The number is extremely smaller than that of switches. Fig 4 shown artificial neural networks designed for the case that the number of unique topologies is n. If the load level information of all the zones from artificial neural networks in Fig 4 is transmitted, artificial neural networks determine the system topology to be operated on the basis of the training set. Artificial neural networks include a single output unit to represent the selection of system topology. By providing the output as “1” or “0”, artificial neural networks select the corresponding system topology for the given load level.

Determination of Control Status for Switches

            Artificial neural networks to determine the system topology provide the new topology for the optimal operation according to the variation of load pattern. Then the control strategy for several switches should be decides so that the distribution system is operated to the new system topology suggested. Here, the control strategies for all the combinations of two topologies are prepared in advance so that the changes between the current and the newly suggested system topologies. Therefore, when the number of unique system topologies is total n2 control strategies of switches are required since both the current and new system topologies belong to one out of n respectively. 

















5. Neural Network Design Procedure:         

Both the processes of artificial neural network design and this performance evaluation require a lot of time and function modules. To efficiently perform these processes. This study develops the program composed of the training set builder (TSB), the learning algorithm, the neural network emulator, and the evaluator of artificial neural networks. Figure 6 shows the procedures of neural network design and the relationship between the programs and the corresponding input/output files.


The learning algorithm is the program to design and train artificial neural networks, based on the training set builder. By repeatedly providing the training set builder. By repeatedly providing the training set builder to artificial neural networks, this program determines the structure of artificial neural networks with the satisfactory recognition ability and their weights. The neural network emulator is the program to simulate the response of art5ificial neural networks for the arbitrary input. Finally, the evaluator is the program to check the accuracy for the response of artificial neural networks,  that is the degree of recognition capability. 

Step 1: Input the values of K, P, and system data for the test case.

Step 2: Execute the training set builder program, in order to build the training sty for the learning of artificial neural networks. Then, the power loss is calculated by using the ac load flow solution.

Step 3: Execute the learning algorithm program with the training set, in order to calculate the weight set of neural networks.

Step 4:  Set the weight set of Step 2 to that of artificial neural networks.

Step 5:  Execute the neural network emulator in order to find the response of neural networks. Then, the power loss is calculated by using the ac load flow solution.

Step 6: Execute the evaluator in order to find the optimal solution.

Step 7:  Compare the neural network response of Step 5 and the optimal solution of Step 6, in order to evaluate the problem recognition capability of neural networks.

A. NUMERICAL EXAMPLE: 

               To show the performance of neural networks developed here we now consider the distribution system shown in adjoining picture .The distribution system consist of  banks,  zones  switches it assumes that the load of each zone varies independently and is divided into M levels 

The tables , the figures give in the order 

The practical distribution system before configuration and details 

The normal configuration and the losses 

The A.N.N based optimal configuration and losses which are minimised.

         ( Please refer the adjoining attachments)

7. CONCLUDING REMARKS            

In this study, using artificial neural networks so that the power loss on the line is reduced , the feeder reconfiguration strategies are developed. In this method, neural networks are designed to provide the appropriate system topology on the basis of the training set according to thee variation of load pattern.


The design of application for the simple test distribution system is perform in order to show the possibility to apply to the feeder reconfiguration of the suggest method. Through the evaluation process. It provides the optimal solutions for both the trained test cases and the untrained ones, and also shows the near optimum for some test cases, which do not provide the optimal solutions.


From this result, when the feeder reconfiguration strategy using artificial neural networks is applied to the distribution system, it has the capability for the high-speed control strategy decision and 
 which can provide the satisfactory solutions with the imprecise data. And, it also has the capability to provide thee optimal solution for the both the constant and the sudden load variations. Therefore, this method is expected to be applied to the on-line real time feeder reconfiguration problem so that the loss reduction of the distribution system is achieved.
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