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Tutorial Outlines 
1- Wide Area Monitoring System (WAMS) 
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3-2 FDR Deployment for EWAMS 

3-3 FDR design for EWAMS 

3-4 Communication Infrastructure for EWAMS 

3-5 HUHS Data management and Analysis  

 

4- EWAMS (device installation and software) 

4-1 FDRs setup in power station 

4-2 Network configuration for FDRs devices 

4-3 Snapshots for FDR and Router installation process 

4-4 EWAMS Software Installation 

4-5 Logical structure of Egyptian WAMS 

5- EWAMS Applications 
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  Wide Area Monitoring System (WAMS) is an integral part of power 

system operation today. 

 

  WAMS Utilizing synchrophasor measurements enable the 

monitoring of power systems and provide critical information for  

understanding, forecasting, or even controlling the status of power 

grid stability in real-time. 

  

  In recent years, more and more WAMSs have been built around the 

world to meet the growing needs for all kinds of system-stability-

related applications. 

 

  A wide-area Frequency Monitoring Network (FNET) utilizing a 

family of PMU called FDR was developed by Virginia Tech in 

North America. 

 



Wide Area Monitoring System (WAMS) 
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 More than 80 FDRs are installed in the United States and 

about 40 installed worldwide.  



Wide Area Monitoring System (WAMS) 
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  Egypt is one of the recognized nations in the WAMSs 

world 



2- Egyptian Wide Area Monitoring System (EWAMS) 
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 EWAMS was constructed through our project “Smart Grid 

Frequency Monitoring Network Architecture and Applications” 

by installing 10 FDRs in various power stations in Egyptian 

Electric power grid.  



Egyptian Wide Area Monitoring System (EWAMS) 
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 EWAMS is an Internet based wide area monitoring system 

that is constructed using 10 FDRs connected to the VT output in 

10 power stations distributed over the Egyptian power grid. 

 

 EWAFMS is a power grid situational awareness tool that 

collects real-time, Global Positioning System (GPS) time-

stamped measurements with high precision at the transmission 

level. 

 

 EWAMS made the synchronized frequency, voltage angle, 

and voltage magnitude observation of the entire Egyptian power 

grid possible with reasonable cost for the first time. 

 

 The following figure shows the developed Internet-based 

WAMS architecture for the Egyptian power grid. 
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The developed EWAMS architecture consists of four main 

parts:  

 

3-1 EWAMS layout  



3-2 FDR Deployment for EWAMS 
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 The locations of the 10 FDRs are decided to provide full 

observability of the Egyptian electric power grid for different 

monitoring and control applications.  



 

3-3 FDR design for EWAMS 

Special design for Egyptian power grid 
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Communication Infrastructure (Internet) 

3-4 Communication Infrastructure for EWAMS 



3-5 HUHS for Data Management and Analysis 
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 Data Concentrator Server (DCS) 

o Collect data from FDRs 

o Align the data by time stamps 

o provide synchronized outputs for application software  

o Database Operation Service 

 

 



HUHS for Data Management and Analysis 
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  Real Time Application Server (RTAS) 

o Frequency monitoring application 

o Phase angle monitoring application 

o Event detection 

o Event type diagnosis 

o Event location 

o Oscillation trigger 

 

 
 Non-Real Time Application Server (NRTAS) 

o Event visualization 

o Oscillation modal analysis 

o Web service 

 Data Storage Server (DSS) 

o Store all historical data 



EWAMS 

(device installation 

and software 
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Two levels for EWAMS installation 

9/12/2013 19 

4- EWAMS Device  and Software Installation 
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4-1 FDRs setup in power station 

FDR 
Configuration 

GPS antenna 
installation  

3G router 
Configuration 

FDR 
connection to 

panel 
 

Operation test 

TCP/IP Configuration 

GPS antenna is connected in the most suitable place. 

Internet Connection Configuration 

Connection to VT of 220kV / 57.73 V.  

TX/RX Test 

Five steps for installing FDR and Router in power station 



4-2 Network configuration for FDRs devices 

FDR Transmission Protocol: TCP/IP 



FDR installation on 

220kV/500kV Cairo Zone 
9/12/2013 

22 



9/12/2013 23 

4-3 Snapshots for FDR and Router installation process 

Wadi-Hof Installation (500kV/ 220kV Cairo Zone Grid)  
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Wadi-Hof Installation (500kV/ 220kV Cairo Zone Grid)  

Snapshots for FDR and Router installation process 
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Wadi-Hof Installation (500kV/ 220kV Cairo Zone Grid)  

Snapshots for FDR and Router installation process 
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South-Cairo Installation (500kV/ 220kV Cairo Zone Grid)  

Snapshots for FDR and Router installation process 
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  South-Cairo Installation (500kV/ 220kV Cairo Zone Grid)  

Snapshots for FDR and Router installation process 
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 South-Cairo Installation (500kV/ 220kV Cairo Zone Grid)  

Snapshots for FDR and Router installation process 
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220kV /500kV board FDR installation 

Snapshots for FDR and Router installation process 
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Part of the wiring connection 
Snapshots for FDR and Router installation process 
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Wiring Diagram layout 
Snapshots for FDR and Router installation process 



EWAMS Architecture 
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4-4 EWAMS Software Installation 
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4-5 Logical structure of Egyptian WAMS 



4-6 HUHS Software Installation 
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  HUHS Software components 

o Window Server 2008 R2 

o Nova Backup Server 

o Microsoft Forefront Endpoint Protection 

o TeeChart: Charting and graphing library 

o MYSQL Server 

o MySQL Workbench 

o Microsoft Access 

o PHP "Personal Home Page” 

o IIS "Internet information services" 

o FNET Server Application 

o Applications: Event trigger, Oscillation Trigger, ... 
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Data Flow Paths and Application Hierarchy 
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Data Flow Paths and Application Hierarchy 
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Data Flow Paths and Application Hierarchy 
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EWAMS Server Application 
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Snapshot from the EWAMS Database 
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EWAMS Web Display 

Synchronized Frequency Measurements 



5- EWAMS Applications 
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FDR Deployment  using novel idea 
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Online Visualization 

 

  

Instability 
Detection 

Event Identification 

Real Time 
Applications 

 

 

 

Event Location 
Estimation 

 

Smart Load Shedding 

Adaptive Dynamic 
Modeling 

Non-Real 
Time 

Applications 

EWAMS Applications 



Application-1 

 

• ON-line Visualization based diagnosis  
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Online Visualization of Synchronized Measurements 
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Effective visualization helps viewers to understand and interpret power system 

dynamic situation more easily and rapidly to improve situational awareness. 

The visualization tool will receive measurements from FDRs and visualize it 

online as shown.  

 Frequency 

Mapping 

Online Visualization of Synchronized Measurements 
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Phase 

Angle 

Mapping 

Online Visualization of Synchronized Measurements 
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Frequency 

Trends 

Online Visualization of Synchronized Measurements 
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Phase 

Angle 

Trends 

Online Visualization of Synchronized Measurements 
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Application-2 

 

Adaptive Dynamic Model Based on 

WAMS Using Harmony Search 

Technique 
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Problem Formulation 

Adaptive Dynamic  
Model 

Actual System 

Response 

52 
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Outline 

Testing Case 

Unforeseen Operating Cases  

 ADM Scheme 

Power System Model Parameters Effectiveness on Simulation Behavior 

PSS®E Interface Programs 

Power System Simulators 

Adaptive Power System Simulation 

Conventional Power System Simulation 

Introduction 
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Application-3 

 

Generator Trip Identification 

Using Minimum Distance 

Classifier Technique 



Outline 

FDR Setup at Helwan University and Online Application  

Sensitivity Analysis of PCA 

Testing case  under Faulty Data 

The main problem encountered with the proposed technique is the faulty Data 

Training and Testing Cases  

Generators Trip Identification Using Minimum Distance Classification 

When Generator trips 
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Testing Cases 
Testing Case I:  

Tebeen Station Trip 

Topology : 

disconnecting two  lines between Cairo-South bus and Ain-Sera and removing a 

load of 349 MW at North Cairo bus 
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Application-4 

 

• Event location estimation 

 

 

 

9/12/2013 

58 



9/12/2013 59 

Event Location Estimation 



Application-5 

 

• Smart Load shedding 
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Smart Load Shedding 
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