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Appendix B

Pseudo code for Hybridization of PSO with Tabu Search Inputs

- pbest;                              //best historical solution of particles 

- pbestval;                        //solutions values 

- m                                 //neighbourhood size 

- r                                   //previous solution

- eps represent threshold for accepting new solution 

1. best_list = pbest; // Initializing tabu list best_list

2. Repeat 
4. For each solution s inpbest

// generation m neighbourhood

While i< m 

a. h1 = rand( pbest(i)[x1]-0.5*i*r, pbest(i)[x1]+0.5*i*r); 

b. h2 = rand( pbest(i)[x2]-0.5*i*r, pbest(i)[x2]+0.5*i*r); 

c. if h1 and h2 are in the previous solution, then ensure that h3 is out of; 

else h3 = rand( pbest(i)[x3]-0.5*i*r, pbest(i)[x3]+0.5*i*r); 

d. if h=(h1,h2,h3) ∉ best_listthen
1. add h to best_list; 

2. i = i + 1; 
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3. if eval(h) - pbestval(i) ≤ eps then update pbestval and pbest
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Until (stop criteria)

Appendix C

MATLAB code for optimal number of PMU using IEEE 14 bus system connectivity matrix

clear;

clc;

startup

%A = readAndBuildA('ieee14cdf.dat',14);

% A = readAndBuildA(’pfinput30.dat’,30);

% A = readAndBuildA(’pfinput57.dat’,57);

% A = readAndBuildA(’pfinput118.dat’,118);

%% reduce the network sparsity by adding 2nd, 3rd, etc. neighbors

% B2 = spones(A ^ 2) + zeros(size(A,1))

% B3 = spones(A ^ 3) + zeros(size(A,1))

A = [

1 1 0 0 1 0 0 0 0 0 0 0 0 0;

1 1 1 1 1 0 0 0 0 0 0 0 0 0;

0 1 1 1 0 0 0 0 0 0 0 0 0 0;

0 1 1 1 1 0 1 0 1 0 0 0 0 0;

1 1 0 1 1 1 0 0 0 0 0 0 0 0;

0 0 0 0 1 1 0 0 0 0 1 1 1 0;

0 0 0 1 0 0 1 1 1 0 0 0 0 0;

0 0 0 0 0 0 1 1 0 0 0 0 0 0;

0 0 0 1 0 0 1 0 1 1 0 0 0 1;

0 0 0 0 0 0 0 0 1 1 1 0 0 0;

0 0 0 0 0 1 0 0 0 1 1 0 0 0;

0 0 0 0 0 1 0 0 0 0 0 1 1 0;

0 0 0 0 0 1 0 0 0 0 0 1 1 1;

0 0 0 0 0 0 0 0 1 0 0 0 1 1  

];

[m,n] = size(A);

L = [];

for j = 1 : n

for i = 1 : j

if A(i,j) == 1

if j ~= i

L(i,j) = 1;

L(j,i) = 1;

end

end

end

end;

ChannelLimit = input('Choose a channel limit for the PMUs: ');

H = [];

for k = 1 : n

if sum(L(:,k)) < ChannelLimit

V = find(L(:,k));

T = sparse(1,n);

T(1,k) = 1;
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T(1,V) = 1;

H = sparse([H;T]);

else

V = nchoosek(find(L(:,k)),ChannelLimit);

[a,b] = size(V);

T = sparse(a,n);

for i = 1 : a

for j = 1 : b

T(:,k) = 1;

T(i,V(i,j)) = 1;

end

end

H = sparse([H;T]);

end

fprintf('%d\n',k)

end

H;

tic

f = ones(size(H,1),1);

Hnew = -H';

b = -ones(n,1);

N = length(f);

x_L = zeros(N,1);

x_U = ones(N,1);

IntVars = ones(N,1);

PriLev = 1;

cpxControl.EPGAP = 0.1/100;

cpxControl.TILIM = 60*5;

[x, slack, v, rc, f_k, ninf, sinf, Inform, basis, lpiter,glnodes, confstat, iconfstat, sa, cpxControl, presolve] = cplex(f, Hnew, x_L, x_U, -inf*ones(n,1), b,cpxControl, [], PriLev, [], IntVars);

disp('The optimum number of PMUs is: ')

fprintf('%d\n',sum(x))

toc

Figures’ Captions

Fig. 1: Block Diagram of the Phasor measurement unit

Fig. 2: IEEE 14-bus system

Fig. 3: Top level flow chart of PSO-TS
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Fig. 1. Block diagram of the Phasor measurement unit
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Fig. 2. IEEE 14-bus system
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Fig. 3. Top-level flowchart of PSO-TS
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