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IX  

                                                                ABSTRACT 

 

 
Decentralized Energy Generation Systems (DEGs) and 

microgrids achieve their vital role in power systems due to their 

practical and cost effectiveness advantages. 
Nowadays, metaheuristic and adaptive techniques used in 

DEGs and microgrids performance enhancement are facing fast 

and incredible improvements. 

This thesis illustrates new optimization and adaptive 

applications of various methods to improve the DEGs and 

Microgrid performance. 

In this thesis, an inverter-based DEG and microgrids systems 

are used. A vector cascaded control method is utilized as an 

inverter control strategy, which depends on the Proportional plus 

Integral (PI) controller.   

The PI controller parameters are optimized using many 

optimization techniques such as the Evaporation Rate based Water 

Cycle Algorithm (ER-WCA), Crow Search Algorithm (CSA), and 

Flower Pollination Algorithm (FPA). The optimization problem 

target and constraint functions are created by the Response Surface 

Methodology (RSM). The MINITAB program is used for 

extracting these equations. 

Also, Artificial Neural Network (ANN) is applied in this 

thesis with the purpose of online biasing of the PI controller 

parameters. 

Finally, adaptive PI controller based on Widrow Hoff 

adaptation technique is used to enhance the performance of the 

microgrid. 

 The validation of the suggested control techniques is checked 

by utilizing the simulation outcomes, which are carried out by 

PSCAD/EMTDC software. The previous outcomes are tested 

under various working  settings  as an example 1) system 



    

 

X  

conversion from network connected mode to stand alone one, 2) 

system exposure to various faults in the stand alone mode, and 3) 

system load variation exposure. The adequacy of the suggested 

controller is validated by evaluating its outcomes with that 

utilizing other conventional techniques such as Genetic Algorithm 

(GA). The MATLAB enviroment is utilized for the optimization 

process simulation .  

Throughout the thesis it was noticed that utilizing new 

metaheuristic and adaptation methodologies have great impacts on 

the DEGs and microgrids performance. 

 

Keywords: 

 

Adaptive PI controllers, Artificial Neural Networks (ANN), 

Crow search algorithm (CSA), Decentralized energy generation 

Systems (DEG), Evaporation Rate Water Cycle Algorithm 

(ERWCA), Flower Pollination Algorithm (FPA), Genetic 

Algorithms (GA), Microgrid,  Optimization methods, Power 

system control, PSCAD/EMTDC software, Response Surface 

Methodology (RSM), Widrow Hoff adaptation technique . 

 

 

 
 

 

 

 

 

 

 

 

 



    

 

XI  

LIST OF CONTENTS 
 

 
 Abstract  VIII 

 List of contents X 

 List of figures XIII 

 List of tables XVIII 

 List of abbreviations and symbols XXIII 

   

  

CHAPTER 1: INTRODUCTION 

 

1.1 GENERAL  1 

1.2 MICROGRID CONTROL   1 

1.2.1 • MGCC FUNCTIONS 1 

1.2.2 • VOLTAGE CONTROL 2 

1.2.3 • LOAD SHARING THROUGH P-F 

CONTROL 

2 

1.3 THESIS OBJECTIVE, SUMMARY AND 

LAYOUT 

3 

   
 CHAPTER  2: LITERATURE SURVEY  

2.1 GENERAL 6 

2.2 CONVENTIONAL POWER SYSTEMS 

VERSUS MICROGRIDS. 

6 

2.3 OVERVIEW OF DEGS AND MICROGRIDS. 7 

2.4 LITERATURE SURVEY. 8 

   

 CHAPTER  3: SYSTEM MODELING AND 

CONTROL STRATEGY 

 

3.1 GENERAL 14 

3.2 CONTROL STRATEGY 14 

3.3 SYSTEMS  MODEL 15 

3.3.1 • SINGLE DEG MODEL 15 

3.3.2  • THE MICROGRID MODELLING 17 



    

 

XII  

3.4 MODELING STAGE. 19 

3.4.1 • THE RSM. 19 

3.4.2  • VARIABLES AND LEVELS 

DETERMINATION 

19 

   

 CHAPTER 4: OPTIMIZATION AND 

ADAPTATION TECHNIQUES USED IN 

THIS STUDY. 

 

 

4.1 GENERAL 21 

4.2 OPTIMIZATION TECHNIQUES 21 

4.2.1 • THE CSA 21 

4.2.2 • THE ER-WC A 25 

4.2.3 • THE FPA 31 

4. 3 THE ADAPTATION TECHNIQUES 35 

4.3.1 • THE ANN 35 

4.3.2 • ADAPTIVE CONTROLLER BASED ON 

WIDROW-HOFF ADAPTATION 

TECHNIQUE 

35 

   
 CHAPTER  5: DESIGN AND 

COMPARATIVE EVALUATION 

STAGE PROCEDURES FOR A DEG 
 

 

5.1 GENERAL 38 

5.2 DESIGN PROCEDURES 38 

5.2.1 • VARIABLES AND LEVELS 

DETERMINATION 

38 

5.2.2 • PSCAD/EMTDC PROGRAM 

CALCULATION 

39 

5.2.3 • TARGETS DETERMINATION USING 

RSM 

39 

5.3 • SIMULATION STAGE 39 

5.4 COMPARATIVE EVALUATION 45 



    

 

XIII  

5.4.1. • GA METHOD 45 

5.4.2. • ER-WCA TECHNIQUE 46 

5.4.3 • CSA TECHNIQUE 46 

   

 

CHAPTER 6:TUNING PI CONTROLLERS FOR 

OPTIMAL MIGROGRID OPERATION 

BASED ON ARTIFICIAL NEURAL NETWORK 

6.1 GENERAL  52 

6.2 DESIGN PROCEDURES 52 

6.2.1 • VARIABLES AND LEVELS 

DETERMINATION   

53 

6.2.2 • PSCAD/EMTDC PROGRAM 

CALCULATION 

53 

6.2.3 • TARGETS DETERMINATION USING 

RSM 

53 

6.2.4 • OPTIMIZATION USING ERWCA 54 

6.2.5 • ARTIFICIAL NEURAL NETWORK 

DESIGN 

55 

  

CHAPTER 7: ADAPTIVE PI 

CONTROLLER BASED ON WIDROW 

HOFF STRATEGY 
 

 

7.1 GENERAL  59 

7.2 DESIGN PROCEDURES 59 

7.2.1 • VARIABLES AND LEVELS 

DETERMINATION   

59 

7.2.2 • PSCAD/EMTDC PROGRAM 

CALCULATION 

60 

7.2.3 • TARGETS DETERMINATION USING 

RSM 

60 

7.2.4 • OPTIMIZATION USING FPA 61 



    

 

XIV  

7.3. ADAPTIVE CONTROLLER BASED ON 

WIDROW-HOFF ADAPTATION 

TECHNIQUE 

62 

7.4 COMPARATIVE EVALUATION FOR THE 

FPA AND THE ADAPTIVE PI 

CONTROLLER ATTAINED RESULTS 

62 

   
 CHAPTER 8: CONCLUSIONS AND 

FUTURE WORK 

 

8.1 GENERAL  73 

8.2 CONCLUSIONS 73 

8.3 RECOMMENDATIONS AND FUTURE 

WORK 

75 

 REFERENCES  76 

 APPENDIX 88 

 PUBLICATIONS  163 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



    

 

XV  

LIST OF FIGURES 
 

 

Fig. 1.1.  

 

Droop characteristics for V-Q droop 

controllers. 2 

Fig. 1.2. 
Active power versus frequency droop 

characteristics. 
3 

Fig 3.1 
The cascaded vector control technique for 

both grid and stand-alone modes. 15 

Fig.  3.2 
The modeled system on PSCAD/EMTDC. 

 
16 

Fig. 3.3 
The microgrid model system. 
 

18 

Fig. 4.1 
The CSA flowchart. 
 

24 

Fig. 4.2. 
The stream flowing towards a certain river 

with their connecting line 
28 

Fig. 4.3 ER-WCA flow chart. 31 
Fig. 4.4 FPA flowchart. 34 

Fig. 4.5 ANN architecture. 35 

Fig.5.1.a. 
Scenario (I) terminal voltage using the 

proposed ER-WCA method. 
   40 

Fig.5.1.b. 

The converter real and imaginary powers for 

scenario (I) using the proposed ER-WCA 

method. 

   40 

Fig. 5.1.c 

Real and imaginary power delivered from 

the grid for scenario (I) using the proposed 

ER-WCA method. 

  41 

Fig.5.1.d. 

Real and imaginary powers absorbed by the 

load for scenario (I) using the proposed ER-

WCA method. 

41 

Fig. 5.1 
Scenario (I) output results using the 

proposed ER-WCA method. 
41 


