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Abstract—     Web services are emerging technologies of choice for implementing distributed service 
models for performing power system operations such as state estimation of power systems in a complete 
secure, distributed and platform independent environment. The power system applications themselves 
have been developed in different platforms and language paradigms. Interoperability between power 
system applications becomes a major issue because of the heterogeneous nature.  The main aim of this 
paper is to propose a model that enhances the interoperability between power system applications by 
representing the power system data in a more flexible and language independent format (i.e.) in XML 
and to implement the power system operations in a highly distributed environment. The power system 
state estimation problem is considered for representation and analysis in a distributed environment. The 
proposed Web service model using JAX-RPC (Java API for XML-based RPC) for state estimation is 
highly distributed and has inherent features such as platform independency, interoperability, function-
reusability, discoverability and security. A generalized XML based data generation model has been 
proposed for exchanging data in order to enhance the interoperability between legacy power system 
applications. The performance of the proposed JAX-RPC model for power system state estimation is 
compared with the traditional client-server and RMI models using Round Trip Time (RTT) as a measure. 
(The overhead associated with the proposed model). 

I. INTRODUCTION 

The power systems industry is prone to unpredictable changes in its structure. In the deregulated power 
market, entities like generation, transmission and distribution systems make new issues and challenges in power 
system operations and planning   [1,2] which are inevitable. More emphasis is towards predicting the current 
operating states of the power system [3, 4] before any security measures could be taken on the power system for 
its secure and reliable operation.  
 With the fast development of computer communication technologies [5] and especially the Internet and 
Web technologies [6, 7], more and more service based activities have been carried out on the Internet. Internet-
based service systems have become popular because they are easy to access and use.  Power systems industry is 
now increasingly becoming privatized and hence the system data is becoming increasingly distributed, with more 
complex, operational and control requirements. Better and faster network applications are required that allow for 
wide data sharing and computing on heterogeneous platforms over a wide geographic region.         

Nithiyananthan K et al [8] developed an effective RMI based distributed models for monitoring the load 
flow and economic load dispatch of multi-area power systems and succeeded in overcoming the overheads 
associated with sequential power system economic load dispatch computation. Chen et al [9] had made an 
attempt to create a completely Web-based, platform independent, power system package with various analysis 
performed in a clustered environment. Furthermore it was stated that new software technologies will be 
incorporated as they become widely accepted, such as the eXtensible Markup Language (XML) to be used as 
the common format for interchanging.  The InterPSS [10], which is an Internet technology based software 
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system for design, analysis, and simulation of power systems has been developed using XML and Java. 
InterPSS has provided with an open and loosely coupled system architecture, wherein the power system 
components developed by others can be easily plugged into the system.  

The power system client applications are running in a heterogeneous environment. JAX-RPC is very flexible 
as it uses technologies defined by the World Wide Web Consortium (W3C) like HTTP, SOAP, and the Web 
Service Description Language (WSDL). In JAX-RPC, a Remote Procedure Call (RPC) is represented by an 
XML-based protocol [11], namely SOAP. The service requests and responses are transmitted as SOAP messages 
(XML files) over HTTP. There is a paradigm shift from central to distributed and distributed to Web-based and 
currently to Web service environment that is proved to be more effective with regard to other software 
architectural models. Since the existing power systems are highly complex and widely distributed, it is needed to 
develop service oriented open system made up of a variety of power system services operating on dissimilar 
platforms, so that more extensive data and applications can be shared easily and flexibly. The proposed JAX-RPC 
model for solving power system state estimation problem is more adaptable, interoperable and provides a loosely 
coupled environment that allows for the inclusion of other power system. 

II. POWER SYSTEM STATE ESTIMATION – XMLISED DATA  GENERATION AND 

REPRESENTATION 

Different enterprises like generation, transmission and distribution have many isolated server and 
information management systems which are constructed with different core technologies that make the data 
exchange complicated between the power system applications. Under these conditions, power sector needs a 
simple, effective and inexpensive way to realize the data sharing and exchange between applications.  

Certain data are common to all power system applications. All clients in the interconnected power systems 
have to know the general specification of the system. The base value of the system, number of buses, number of 
generators, transmission lines, transformers, acceleration factor and tolerance value are classified as general 
data. The conversion of power system data in to an XML form enables the independency of the data used by 
various power system applications.  

 

The XML document generated from Oracle database for representing general data for power system 
analysis is as follows:  
           <general> 

 <base mva>Base value of the system</base mva> 
 <nb>Number of Buses</nb> 
 <ng>Number of Generators</ng> 
 <nl>Number of Lines</nl> 
 <nt>Number of Transformers</nt> 
         </general> 

 

       The power system line data includes transformer line rating which is essential for reliable planning and 
operation of the interconnected systems. This rating incorporates values for resistance, reactance, off line charging 
admittance and acceptable electrical loading on equipment before, during and after system disturbances. The way in 
which the lines are connected between the buses is also stored in the line data. The transmission line data would have 
to be updated based on weather and seasonal conditions. The XML document representation of the line data required 
is as follows:      

       
<linedata> 
    <sb>Sending Bus</sb> 
    <rb>Receiving bus</rb> 
  <r>Resistance of the line</r> 

<x>Reactance of the line</x> 
        <b>Off line Charging admittance </b> 

                     <rating> Maximum rating of the line</rating> 
</linedata> 
 

With respect to State Estimation process, the measured data such as Real and Reactive power injections 
at the buses and the reactive power minimum and maximum limits are specified in XML. Using these measured 
data, the measurement function and the Jacobian matrix are calculated. The Measurement Function is a non 
linear function that relates to the measured values with the state variables, namely voltages at all the buses and 
phase angle at all except the slack bus. Hence the Gain matrix is formulated. Knowing the change in the values 
of the state variables, the consecutive iteration values are checked with the tolerance value and in case if the 
values are well within the limits, then they are considered to be the final values for the state variables. The input 
data required for State Estimation process is represented in XML as follows:  
         <state_estimation> 
                <meas>Number of Measurements</meas> 
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                <volt>Voltage</volt> 
                <theta>Phase Angle</theta> 
                 <pi>Real power injections</pi> 
                 <qi>Reactive power injections</qi> 
                 <qmin>Minimum  Reactive power Limit </qmin> 
                 <qmax> Maximum  Reactive power Limit </qmax> 
                 <w>Weightage</w> 
                 <tolerance> Tolerance value</tolerance>  
                 </state_estimation> 

 

 

The XMLised representation of power system data offers reliable data exchange between legacy power 
system applications. In the proposed model, it is assumed that all the data required for power system state 
estimation are stored in a relational database. The XML data representation ensures interoperability for 
communicating between various power systems applications in a heterogeneous environment. 

III. IMPLEMENTATION OF THE PROPOSED JAX-RPC MODEL FOR POWER SYSTEM 

STATE ESTIMATION  

The power system state estimation operation is represented as a Web Service in a distributed 
environment using JAX-RPC. The various power system clients discover the service available in the registry by 
service names and acquire the interface information of the State estimation services. The API for JAX-RPC 
allows the exchange of power system data in XML format.  

The XMLised power system data is attached with SOAP message and can be communicated to the State 
Estimation services through State Estimation Service Descriptors (SESDs). Based on SESDs, the clients have a 
binding with the State Estimation service provider and can invoke the service using Simple Object Access 
Protocol (SOAP). 

The service endpoint interface extends the java.rmi.Remote interface, and its methods must throw the 
java.rmi.RemoteException. The State Estimation service endpoint interface is given below: 

 

 

 

 

 

The estimate is obtained using the Getestimate object 

 
 
 
 
 
 

       The service interface encapsulates all aspects of the network protocol used for communication between 
clients and service provider. The service provider and the service client are totally detached in terms of the 
underlying technology and programme logic. 
 
a) STATE ESTIMATION SERVICE IMPLEMENTATION 
      

Decoupling the service interface code from the service implementation code enables the system to deploy 
the two code bases on separate tiers, potentially increasing the deployment flexibility. 
 
 
 
 
 
 
        
 
 
 
 

  public class Getestimate{ 
  public double measvolt;  
  public double measphase ;  

} 

package stateestimation; 
public class StateEstimationImpl implements 
StateEstimationInt  
{  
public double estimatestate(double measvolt, double 
measphase) throws RemoteException  
{  

//Calculating the best estimate of the state of the system 
} 

package stateestimation; //State Estimation Interface 
public interface StateEstimationInt  extends Remote  
{ 

  public Getestimate estimatestate(double measvolt, double 
measphase) throws RemoteException ;  
} 

V.Gomathi et al. / International Journal on Computer Science and Engineering (IJCSE)

ISSN : 0975-3397 Vol. 3 No. 2 Feb 2011 483



 
 

 

b) STATE ESTIMATION SERVICE CONFIGURATION 

 
State Estimation service configuration is given below. It contains the information and details about the 

deployed Stateestimation services and metadata such as their service name (stateestimationservice), namespace 
(StateEstimation) and description. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This configuration file is used to create the state estimation service descriptors and mapping information 

about the service in order to communicate. 
 

c) STATE ESTIMATION SERVICE MAPPING 

The power system services are implemented using various language paradigms. In JAX-RPC, the WSDL is 
used as the metadata language for defining the State Estimation service. It describes how the service endpoint 
and client communicate with each other. The mapping information is specified by an XML document. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

WSDL represents information about the interface and semantics of how to invoke the State Estimation 
service. It also contains the information about the data type, binding and address information for invoking the 
state estimation service from the service provider. 

<?xml version="1.0" encoding="UTF-8" ?>  
<configuration xmlns="http://java.sun.com/xml/ns/jax-
rpc/ri/config"> 
<service name="StateEstimationService" 
targetNamespace="urn:StateEstimation"  
 
typeNamespace="urn:StateEstimation" 
packageName="stateestimation"> 
 
<interface name="stateestimation.StateEstimationInt" />  
</service> 
</configuration> 

 <java-wsdl-mapping 
xmlns="http://java.sun.com/xml/ns/j2ee" 
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 
version="1.1"  
xsi:schemaLocation="http://java.sun.com/xml/ns/j2ee 
http://www.ibm.com/webservices/xsd/j2ee_jaxrpc_mapping
_1_1.xsd"> 
<package-mapping> 
<package-type>StateEstimation</package-type>  
 <namespaceURI>urn:StateEstimation</namespaceURI> 
................................... 
<wsdl-return-value-mapping> 
<method-return-value>java.lang.String</method-return-
value>  
<wsdl-message 
xmlns:wsdlMsgNS="urn:StateEstimation">wsdlMsgNS:Stat
eEstimationInt_estimatestateResponse</wsdl-message>  
<wsdl-message-part-name>result</wsdl-message-part-
name>  
</wsdl-return-value-mapping> 
</service-endpoint-method-mapping> 
</service-endpoint-interface-mapping> 
</java-wsdl-mapping> 
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d) DEPLOYING THE STATE ESTIMATION SERVICE 

In JAX-RPC stubs and ties are classes that enable communication between state estimation service 
endpoint and the power system client. A stub is a local object that acts as a proxy for the service endpoint. The 
stub class is responsible for converting a request from a JAX-RPC client to a SOAP message and sending it 
across to the server using HTTP protocol. It also converts the response that it receives from the server to the 
format required by the client. These SOAP communications makes the entire system interoperable. 

 The WAR file is deployed on to the servlet container. Successful deployment results in an URL, 
namely http://192.168.1.6:8089/Power/servlet/stateestimation (endpoint). Thus any power system client can use 
the endpoint address for accessing the deployed State Estimation service. 

 
e) INVOKING THE STATE ESTIMATION SERVICE  

An effective dynamic invocation interface (DII) model invokes the power system state estimation service 
deployed in the remote server. The state estimation service endpoint is available to any type of client, regardless 
of the language or platform used. A power system client can invoke the method in the endpoint interface using 
Dynamic Invocation Interface. The DII is a call interface that supports programmatic creation and invocation of 
a RPC request. The following code delineates how the power system data generation services being invoked by 
the power system client using Dynamic Invocation Interface. 
 
ServiceFactory factory = ServiceFactory.newInstance(); 
Service service =  factory.createService(new QName(StateEstimationService)); 
QName port = new QName(StateEstimationIntPort); 
Call call = service.createCall(port); 
call.setTargetEndpointAddress("http://localhost:8089/Power"); 
QName QNAME_TYPE_STRING = new QName(NS_XSD, "String"); 
call.setReturnType(QNAME_TYPE_STRING); 
call.setOperationName(new QName(BODY_NAMESPACE_VALUE,"generalData")); 
call.setOperationName(new QName(BODY_NAMESPACE_VALUE,"stateEstimateData")); 
String result = (String)call.invoke(); 
System.out.println(result); 
 

Using DII, a client can call a service or a remote procedure on a service without knowing the exact 
service name or the procedure's signature ahead of time.  The power system client can discover the information 
at runtime, and can dynamically look up the service and its remote procedures. 

 

IV.   PERFORMANCE ANALYSIS 

The state estimation was carried out using the proposed JAX-RPC model on a 6, 14 and 30-bus systems. 
Data is generated in an XMLised format from the database. Proposed JAX-RPC model for State Estimation 
requires deployed for easy integration, reuse and effective governance of service. 

The major factor that is to be analysed in order to verify the performance of the proposed distributed model 
is the Round Trip Time (RTT) is shown in Figure 1. The power system State Estimation for different test 
systems namely 6, 14 and 30 bus system has been carried out and the RTT for different number of clients has 
been carried out. Different models namely Client / Server, RMI and JAX-RPC are used to analyse the 
performance for different test systems for the state estimation problem. The RMI uses the Java Remote Method 
Protocol uses TCP/IP for its communication. Through an open port the RMI client communicates with the RMI 
server. Whenever there is a firewall the communication is blocked which says as a major drawback whenever 
applications are to communicate between different Local Area Networks. 
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Figure 1.Performance Analysis for Power System State Estimation in Different Architectural Models 
 

JAX-RPC uses the XML-based SOAP communication between remote services. SOAP builds on top 
of existing Internet protocols, such as HTTP, FTP or SMTP. Therefore SOAP can transverse firewalls 
seamlessly, because firewalls will treat SOAP messages similarly as other HTTP (or FTP, SMTP) messages, 
respectively to the transport protocol used for SOAP messages. The JAX-RPC enables the communication over 
the XML-based SOAP protocol and thus enables interoperability with other Web services, which do not have to 
be developed in Java. The XML-based protocol for communication makes the performance of web services 
lesser than the performance of RMI in terms of RTT. 

 

 

V.    CONCLUSION 

An effective JAX-RPC model has been developed for solving State Estimation of a large 
interconnected power system and tested for a sample of 6, 14 and 30 bus systems. Using the proposed model 
any number of power system clients can be served without any limitation. Based on the performance analysis, 
the system provides excellent scalability and has a capacity to meet the huge computation requirement, which is 
suitable to carry out state estimation for large interconnected power systems. The various power system services 
can be plugged into this model and the services are made available anytime and anywhere for the power system 
operations. 
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