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Optimal Reactive Power Dispatch with Discrete Controllers Using a Branch-and-Bound Algorithm A Semidefinite Relaxation Approach





ABSTRACT
    Recently, several convex relaxations have been successfully applied to solve the AC optimal power flow (OPF) problem, which has caught the attention of the research community. Among these relaxations, a relaxation based on semidefinite programming (SDP) stands out. Accordingly, in this work a methodology to solve the optimal reactive power dispatch (ORPD) in electric power systems (EPS), considering discrete controllers, is proposed. Discrete controllers, such as the tap position of on-load tap changing (OLTC) transformers and switchable reactive shunt compensation, are optimized by the proposed method.A semidefinite relaxation (SDR) of the ORPD problem and a branch-and-bound (B&B) algorithm has been fully deployed. The customized B&B algorithm deals with the discrete nature of the binary control variables. Moreover, in order to enhance the convexification, valid inequalities called lifted non-linear-cuts (NLC) are implemented in the SDR. Additionally, a chordal decomposition technique is used to improve the computational performance. Finally, the B&B algorithm is used to solve the mixed-integer semidefinite programming problem. Several benchmarks have been used to show the accuracy and scalability of the proposed method, and convergence analysis shows that near-global optimal solutions are generated with small relaxation gaps. 

                          
                          CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM

· If this constraint is satisfied, we stop. Otherwise, we proportionally reallocate the missing generation. However, due to the upper bound P max n , this redistribution may not be sufficient. 
· In this case, we randomly go through the list of generators and increase those that still have margin until the constraint is satisfied. We propose to test 5 plans of generation for each instance. 
· We focus on instances with more than 1000 buses. We only present instances for which we are certain that a feasible solution does exist.
· This algorithm is very flexible since it is enough to adjust a few parameters to obtain a method adapted to each variant. Our algorithm is able to close the gap or at least improve it on most MATPOWER instances. 
2.1.1 DRAWBACKS OF EXISTING SYSTEM  : 
· The AC optimal power flow (AC OPF) which is the continuous version of OPF it is well known as a non-linear programming (NLP) problem with non-convex constraints. 
· It is important to mention that the essential feature that differentiates ORPD and OPF lies in the discrete control variables which represent the tap position of transformers and shunt capacitor banks operation. This additional feature increases the computational burden of the problem due to the "curse in dimensionality“.
· As a solution technique, semidefinite programming will be used alongside the Branch and Bound Algorithm, which deals with the integrality nature of the problem. 
2.2. PROPOSED SYSTEM 
· The proposed formulation provides strong lower bounds. On the other hand, it is not easy for the given model to further strengthen the provided model. 
· More precisely, we tested different techniques to tighten this SDP relaxation. 
· We tried to tighten the bounds onVss variables with Optimality-Based Bound Tightening (OBBT) techniques  in order to tighten the McCormick envelopes.
· We have introduced three new variants of the ROPF problem that tackle RTE issues. We have proposed a SDP-based B&B algorithm to solve them.
2.2.1. ADVANTAGES OF PROPOSED SYSTEM
· To improve the performance of the relaxations throughout the literature there are several narrowing methods such as bound tightening, the application of valid constraints, or the inclusion of spatial branch and bound algorithms that reinforce the relaxations.
· Within the electric power systems, it is common the use of the transformation ratio changers (taps), because they are controllable variables of the system restricted by certain limits. 
· Classically the transformer tap ratio is included in the formulation of OPF in order to optimize the performance of the power system and improve the final result of the objective function. 
Literature Survey:
	             TITLE
	            AUTHORS
	     DESCRIPTION

	Power System State Estimation: Theory and Implementation
	ABUR, A.; EXPÓSITO, A. 
	Building the Network Model Maximum Likelihood Estimation Measurement Model and Assumptions WLS State Estimation Algorithm Decoupled Formulation

	Power Flow Test Systems Repository
	AL-ROOMI, A. R. 
	A repository that contains most of the standard test systems used in power flow (or load flow) problems

	Further developments in lp-based optimal power flow
	ALSAC, O. et al. 
	 In addition, the approach accommodates a large variety of power system operating limits, including the very important category of contingency constraints.

	Semidefinite relaxation and generalised benders decomposition to solve the transmission expansion network and reactive power planning
	ALVAREZ, E. F.; PAREDES, M.; RIDER, M. J. 
	A mixed-integer non-linear programming model for the proposed planning problem is presented and rewritten with semidefinite structures.



2.3 FEASIBILITY STUDY
The feasibility Analysis is an analytical program through project manager determines the project success ratio and through feasibility study project manager able to see either project. The key considerations involved in the feasibility analysis are:
· Economic Feasibility
· Technical Feasibility
· Operational Feasibility
· Environmental Feasibility
2.3.1 ECONOMICAL FEASIBILITY
Hence this project is economically feasible there is no need to involve any cost for this project. 
2.3.2 TECHNICAL FEASIBILITY
Software Technologies used are PHP and MySql. In the educational institutions, it is possible to update the system in future. No special hardware is required for the purpose of using this system. Hence it is declared that this project is technically feasible.
2.3.3 OPERATIONAL FEASIBILITY
As the admin work mainly to maintain the Patient and Doctor .Doctor will predict patient cancer disease. Hence it is easy to operate with training. Therefore it is operationally feasible for implementation.
2.3.4 ENVIRONMENTAL FEASIBILITY
This project environment is correct as a admin has developed this system and no expenditure is involved under any head and this process is part of admin document management, this project environment is accessible.   
2.4 SYSTEM REQUIREMENTS
· System	:  Pentium IV 2.4 GHz.
· Hard Disk	: 40 GB.
· Monitor	: 15 inch VGA Color.
· Mouse	: Logitech Mouse.
· Ram		: 512 MB
· Keyboard	: Standard Keyboard

2.4.1 HARDWARE REQUIREMENTS
             The Hardware of the computer consists of physical component such as Input Devices, Storage Devices, Processing & Control units and Output Devices.  Computer includes external storage unit to store data in programs.
           The Hardware Configuration involved in this project
· System	:  Pentium IV 2.4 GHz.
· Hard Disk	: 40 GB.
· Monitor	: 15 inch VGA Color.
· Mouse 		: Logitech Mouse.
· Ram		: 512 MB
· Keyboard	: Standard Keyboard

2.4.2 SOFTWARE REQUIREMENTS 
 	Software is a group of programs that computers need to do a particular task.  It is an essential requirement of Computer System. The Software used to develop the project is
· Operating System	: Windows XP.
· Platform		: DOT NET TECHNOLOGY
· Front End		: ASP.Net 3.5
· Back End		: SQL SERVER 2005








CHAPTER 3
  SYSTEM DESIGN AND DEVELOPEMENT
SYSTEM ARCHICTURE
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                                                      CHAPTER 4
TESTING AND IMPLEMENTATION

0. TESTING
 Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one.

 4.1.1Unit Testing
	Unit testing comprises the set of tests performed by an individual programmer prior to integration of the unit into a larger system. The module interface is tested to ensure that information properly flows into and out of the program unit. The local data structure is examined to ensure that data stored temporarily maintains its integrity during all steps in an algorithm’s execution. Boundary conditions are tested to ensure that the module operates properly at boundaries established to limit or restrict processing. All independent paths through the control structure are tested. All error-handling paths are tested.

4.1.2 Block Box Testing
Black-box testing is a method of software testing that examines the functionality of an application without peering into its internal structures or workings. This method of test can be applied virtually to every level of software testing: unit, integration, system and acceptance. It is sometimes referred to as specification-based testing.




4.2 SYSTEM IMPLEMENTATION
Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one. 

















                               CHAPTER 5
CONCLUSION:
In this work, several SDP formulation for AC-OPF were presented to remark the equivalence between representations. Also, a proposed representation of SDP formulation considering the linear nature of the trace operator was presented to compare the proposed formulation and the non-linear model that later on will be modified to include the operation of discrete controllers i.e., tap position of transformers and reactive shunt compensation. The proposed methodology was developed on Julia Language using the optimization package JuMP (KWON, 2016) and using the commercial solver MOSEK (MOSEK, 2018). This work presented a methodology to solve the optimal reactive power dispatch with discrete controllers, such as the tap position of on-load tap-changing transformers and switchable shunt reactance compensation, via semidefinite relaxation and the branch-andbound algorithm. First, an SDR for the ORPD problem with continuous control variables is presented that considers the new reformulation presented for the OLTC variables, to obtain a connected structure of the SDP matrices. 
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