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Chapter 1

�i�����������(�O���*�X�H�]�D�U���D�Q�G���%�R�X�]�D�K�L�U�����O�L�F�H�Q�V�H�H���,�Q�7�H�F�K�����7�K�L�V���L�V���D���S�D�S�H�U���G�L�V�W�U�L�E�X�W�H�G���X�Q�G�H�U���W�K�H���W�H�U�P�V���R�I���W�K�H���&�U�H�D�W�L�Y�H��

�&�R�P�P�R�Q�V���$�W�W�U�L�E�X�W�L�R�Q���/�L�F�H�Q�V�H�����K�W�W�S�������F�U�H�D�W�L�Y�H�F�R�P�P�R�Q�V���R�U�J���O�L�F�H�Q�V�H�V���E�\���������������Z�K�L�F�K���S�H�U�P�L�W�V���X�Q�U�H�V�W�U�L�F�W�H�G���X�V�H��

�G�L�V�W�U�L�E�X�W�L�R�Q�����D�Q�G���U�H�S�U�R�G�X�F�W�L�R�Q���L�Q���D�Q�\���P�H�G�L�X�P�����S�U�R�Y�L�G�H�G���W�K�H���R�U�L�J�L�Q�D�O���Z�R�U�N���L�V���S�U�R�S�H�U�O�\���F�L�W�H�G��
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%%%%----------------------------calcule_balayage_mod.m----------------
%
%
clear all;
close all;
%
%% File calculating points to display a figure of parametric plane
% Example of boost
% Save data in...
%
monfich=(’data_balais’);
% You should specify the path of hybrid_solver_matlab
%
addpath(’.\hybrid_solver_matlab’);
%
eps=1E-6;
ordre_max=15;
x_eps = 1e-5;
Xmax=100;
nb_trans=500;
nb_inits=1;
ta= 0.5:1.1/200:1.6;
tb= 5:15/200:20;
a=ta(1);
b=tb(1);
%% Definition of BOOST
%Iref changes and noted a
%Vin changes and noted b
%
L=1.5e-3;
T=100e-6;
R=40;
Vin=b;
C=5e-6;
Iref=a;
AE1=[

-1/R/C 0 ;
0 0
];
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%
%
clear all;
close all;
%
%% File calculating points to display a figure of parametric plane
% Example of boost
% Save data in...
%
monfich=(’data_balais’);
% You should specify the path of hybrid_solver_matlab
%
addpath(’.\hybrid_solver_matlab’);
%
eps=1E-6;
ordre_max=15;
x_eps = 1e-5;
Xmax=100;
nb_trans=500;
nb_inits=1;
ta= 0.5:1.1/200:1.6;
tb= 5:15/200:20;
a=ta(1);
b=tb(1);
%% Definition of BOOST
%Iref changes and noted a
%Vin changes and noted b
%
L=1.5e-3;
T=100e-6;
R=40;
Vin=b;
C=5e-6;
Iref=a;
AE1=[

-1/R/C 0 ;
0 0
];
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AE2=[
-1/R/C 1/C ;
-1/L 0
];

B1=[0;
b/L];

B2=B1;
N1 = [0 1];
S1 = ’<’;
[p1,p2]=racines(AE1);
H=create_hybrid_system(’affine’);
H=add_state(H,1,’On’,AE1,B1);
H=add_state(H,2,’Off’,AE2,B2);
H=add_event(H,1,’Iref’,N1,a,S1);
H=add_periodic_event(H,1,’Clock’,T,0);
H=add_transition(H,1,2,1);
H=add_periodic_transition(H,2,1,1);
%
%% initial state
Xi.t=T/1000;
Xi.E=1;
Xi.Xc=[16.5;0.47];
mape=colormap(ma_color);
na=length(ta)
tic
for ia = 1 : na

a=ta(ia);
for ib= 1 : length(tb)

b=tb(ib);
%% update of the equation with a new a
% here only Iref that changes and modifies a border
B1=[0;

b/L];
H=add_state(H,1,’On’,AE1,B1);
H=add_state(H,2,’Off’,AE2,B2);
H=add_event(H,1,’Iref’,N1,a,S1);
H=update_transition(H,1,2,1);
ordres(ib,ia)=-2;
for init = 1:nb_inits

X=Xi;
or = ordre_max;

for i = 1 : nb_trans
[X]=recu(H,X); %1->2;
[X]=recu(H,X); %2->1;
if (X.t==Inf)

or=-1;
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break;
end
if (max(abs(X.Xc))>Xmax)

or=0;
break;

end
end
if (or==ordre_max)

%% check if we have periodic event state E=1
if (X.E ~= 1)

[X]=recu(H,X);
end

it=1;
X0 = X;
tt0=X.t;
while (it<ordre_max) & (or == ordre_max)

[X]=recu(H,X); %1->2;
tt=X.t-tt0;
ii=1;
while (ii * T<tt)

it=it+1;
ii=ii+1;

end
[X]=recu(H,X);
tt0=X.t;
if (max(abs(X.Xc-X0.Xc))<x_eps)

or=it;
break;

else
it = it + 1;

end
end

end
or;
ordres(ib,ia)=max(or,ordres(ib,ia));

end
end
fprintf(’About %2.1f %% done, still about %5.0f secondes to be...

%3.0f minutes\n’,ia/na * 100,toc/ia * (na-ia),toc/ia * (na-ia)/60)
end
temps=toc
save(monfich)
affiche_balayage
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AE2=[
-1/R/C 1/C ;
-1/L 0
];

B1=[0;
b/L];

B2=B1;
N1 = [0 1];
S1 = ’<’;
[p1,p2]=racines(AE1);
H=create_hybrid_system(’affine’);
H=add_state(H,1,’On’,AE1,B1);
H=add_state(H,2,’Off’,AE2,B2);
H=add_event(H,1,’Iref’,N1,a,S1);
H=add_periodic_event(H,1,’Clock’,T,0);
H=add_transition(H,1,2,1);
H=add_periodic_transition(H,2,1,1);
%
%% initial state
Xi.t=T/1000;
Xi.E=1;
Xi.Xc=[16.5;0.47];
mape=colormap(ma_color);
na=length(ta)
tic
for ia = 1 : na

a=ta(ia);
for ib= 1 : length(tb)

b=tb(ib);
%% update of the equation with a new a
% here only Iref that changes and modifies a border
B1=[0;

b/L];
H=add_state(H,1,’On’,AE1,B1);
H=add_state(H,2,’Off’,AE2,B2);
H=add_event(H,1,’Iref’,N1,a,S1);
H=update_transition(H,1,2,1);
ordres(ib,ia)=-2;
for init = 1:nb_inits

X=Xi;
or = ordre_max;

for i = 1 : nb_trans
[X]=recu(H,X); %1->2;
[X]=recu(H,X); %2->1;
if (X.t==Inf)

or=-1;
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break;
end
if (max(abs(X.Xc))>Xmax)

or=0;
break;

end
end
if (or==ordre_max)

%% check if we have periodic event state E=1
if (X.E ~= 1)

[X]=recu(H,X);
end

it=1;
X0 = X;
tt0=X.t;
while (it<ordre_max) & (or == ordre_max)

[X]=recu(H,X); %1->2;
tt=X.t-tt0;
ii=1;
while (ii * T<tt)

it=it+1;
ii=ii+1;

end
[X]=recu(H,X);
tt0=X.t;
if (max(abs(X.Xc-X0.Xc))<x_eps)

or=it;
break;

else
it = it + 1;

end
end

end
or;
ordres(ib,ia)=max(or,ordres(ib,ia));

end
end
fprintf(’About %2.1f %% done, still about %5.0f secondes to be...

%3.0f minutes\n’,ia/na * 100,toc/ia * (na-ia),toc/ia * (na-ia)/60)
end
temps=toc
save(monfich)
affiche_balayage
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%%%%----------------------------affiche_balayage_mod.m-------------
% Used in general after calcule_balayage

%% Charge the saved 2-D bifurcation scan
%if the file was not executed
if (exist(’ordres’)==1)

disp(’use the points matrix of the workspace’);
elseif (exist(’data_balais.mat’)==2)

disp(’charge the points that are in data_balais.mat’);
load data_balais.mat

else
disp(’There are no points or files of points: try ordres.mat...

insha ALLAH! It may be long...’)
load ordres.mat

end
%
%% Display the bifurcation scan diagram
da=(ta(2)-ta(1))/2;
db=(tb(2)-tb(1))/2;
colormap(mape)
for ia = 1 : length(ta)

a=ta(ia);
for ib= 1 : length(tb)

b=tb(ib);
if (ordres(ib,ia)<0)

%plot(a,b,’.w’);
fill([a-da a-da a+da a+da],[b-db b+db b+db b-db],...
’w’,’EdgeColor’,’none’)

elseif (ordres(ib,ia)==0)
%plot(a,b,’+w’);
fill([a-da a-da a+da a+da],[b-db b+db b+db b-db],...
’w’,’EdgeColor’,’none’)

else
%plot(a,b,’s’,’color’,mape(ordres(ib,ia),:),...
’MarkerFaceColor’,mape(ordres(ib,ia),:),’MarkerSize’);
fill([a-da a-da a+da a+da],[b-db b+db b+db b-db],...
mape(ordres(ib,ia),:),’EdgeColor’,’none’)

end
hold on

end
end
colormap(mape)
colorbar %(mape)
colorbar(’YTickLabel’,...

{’O1’,’O2’,’O3’,’O4’,’O5’,’O6’,’O7’,...
’O8’,’O9’,’10’,’11’,’12’,’13’,’14’,’O+’})
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%%%%----------------------------calcule_figuier.m----------------
%
clear all;
close all;
%
%% Code that calculates then displays the points of a bifurcation
tree
% Boost converter example
% Save the data in ...
monfich=(’data_points’);
%
addpath(’../hybrid_solver_matlab’);
%
eps=1E-6; % precision of the solver
nb_trans=400;%400 %Number of iterations to pass the transient phase
ordre_max=100; %100% nombre de points affichés après le transitoire
ta= 0.5:0.0025:1.6; % values of the parameter a to be calculated
%ta= 1.22:0.001:1.4;%0.5:0.001:1.6;
points=zeros(2,length(ta),ordre_max);
% points (x or y, index a, the ordre_max of the last trajectory
points)
a=ta(1);
%
%% Definition of the Boost converter
%Iref is a variable denoted a
L=1.5e-3;
T=100e-6;
R=40;
Vin=10;
C=5e-6;
Iref=a;
AE1=[

-1/R/C 0 ;
0 0

];
AE2=[

-1/R/C 1/C ;
-1/L 0
];
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%%%%----------------------------affiche_balayage_mod.m-------------
% Used in general after calcule_balayage

%% Charge the saved 2-D bifurcation scan
%if the file was not executed
if (exist(’ordres’)==1)

disp(’use the points matrix of the workspace’);
elseif (exist(’data_balais.mat’)==2)

disp(’charge the points that are in data_balais.mat’);
load data_balais.mat

else
disp(’There are no points or files of points: try ordres.mat...

insha ALLAH! It may be long...’)
load ordres.mat

end
%
%% Display the bifurcation scan diagram
da=(ta(2)-ta(1))/2;
db=(tb(2)-tb(1))/2;
colormap(mape)
for ia = 1 : length(ta)

a=ta(ia);
for ib= 1 : length(tb)

b=tb(ib);
if (ordres(ib,ia)<0)

%plot(a,b,’.w’);
fill([a-da a-da a+da a+da],[b-db b+db b+db b-db],...
’w’,’EdgeColor’,’none’)

elseif (ordres(ib,ia)==0)
%plot(a,b,’+w’);
fill([a-da a-da a+da a+da],[b-db b+db b+db b-db],...
’w’,’EdgeColor’,’none’)

else
%plot(a,b,’s’,’color’,mape(ordres(ib,ia),:),...
’MarkerFaceColor’,mape(ordres(ib,ia),:),’MarkerSize’);
fill([a-da a-da a+da a+da],[b-db b+db b+db b-db],...
mape(ordres(ib,ia),:),’EdgeColor’,’none’)

end
hold on

end
end
colormap(mape)
colorbar %(mape)
colorbar(’YTickLabel’,...

{’O1’,’O2’,’O3’,’O4’,’O5’,’O6’,’O7’,...
’O8’,’O9’,’10’,’11’,’12’,’13’,’14’,’O+’})
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%%%%----------------------------calcule_figuier.m----------------
%
clear all;
close all;
%
%% Code that calculates then displays the points of a bifurcation
tree
% Boost converter example
% Save the data in ...
monfich=(’data_points’);
%
addpath(’../hybrid_solver_matlab’);
%
eps=1E-6; % precision of the solver
nb_trans=400;%400 %Number of iterations to pass the transient phase
ordre_max=100; %100% nombre de points affichés après le transitoire
ta= 0.5:0.0025:1.6; % values of the parameter a to be calculated
%ta= 1.22:0.001:1.4;%0.5:0.001:1.6;
points=zeros(2,length(ta),ordre_max);
% points (x or y, index a, the ordre_max of the last trajectory
points)
a=ta(1);
%
%% Definition of the Boost converter
%Iref is a variable denoted a
L=1.5e-3;
T=100e-6;
R=40;
Vin=10;
C=5e-6;
Iref=a;
AE1=[

-1/R/C 0 ;
0 0

];
AE2=[

-1/R/C 1/C ;
-1/L 0
];
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B1=[0;
Vin/L];

B2=B1;
N1 = [0 1];
S1 = ’<’;
[p1,p2]=racines(AE1)
H=create_hybrid_system(’affine’);
H=add_state(H,1,’On’,AE1,B1);
H=add_state(H,2,’Off’,AE2,B2);
H=add_event(H,1,’Iref’,N1,a,S1);
H=add_periodic_event(H,2,’Clock’,T,0);
H=add_transition(H,1,2,1);
H=add_periodic_transition(H,2,1,2);
%
%% Initial condition
X0.t=T/1000;
X0.E=1;
X0.Xc=[16.4549;0.4648];
%
%% Vary a and memorize the points for the bifurcation tree
na=length(ta);
tic;
for ia = 1 : na

a=ta(ia);
if a==1.3
end
%% Update of the equation with a new a

vi=X.Xc;
cc=ia;

% Here only Iref varies and the corresponding border is then
modified
H=add_event(H,1,’Iref’,N1,a,S1);
H=update_transition(H,1,2,1);
X=X0;
%
%% transient zone
for i = 1: nb_trans

[X]=recu(H,X);
[X]=recu(H,X);

end
%% Assure that we are on a periodic event, state E=1
%

if (X.E ~= 1)
[X]=recu(H,X);

end
%
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Xin=X.Xc;
tt0=X.t;
it=1;

%% memorize ordremax points issued from the periodic transition
2-> 1
%

while (it<(ordre_max+1))
[X]=recu(H,X);%1->2
tt=X.t-tt0;
ii=1;
while (ii * T<tt)

points(:,ia,it)=traj_ni(AE1,B1,p1,p2,Xin,ii * T);
Xin=traj_ni(AE1,B1,p1,p2,Xin,ii * T);
it=it+1;
ii=ii+1;

end
%
[X]=recu(H,X);%2->1

points(:,ia,it)=X.Xc;
Xin=X.Xc;
tt0=X.t;
it=it+1;

end
%

fprintf(’Approximately %2.1f %% are done, yet approximately %5.0f
seconds...

that is %3.0f minutes\n’,ia/na * 100,toc/ia * (na-ia),toc/ia *
(na-ia)/60)

end
%scan the values of ’a’
temps_ecoule=toc
save(monfich)
%%
cc
vi
affiche_figuier

%%%%----------------------------affiche_figuier.m----------------
%% Charges the file containing the saved points
% if the file "figuier" is not executed
if (exist(’points’)==1)

disp(’use the points matrix of the workspace’);
elseif (exist(’data_points.mat’)==2)

disp(’charge the points that are in data_points.mat’);
load data_points
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B1=[0;
Vin/L];

B2=B1;
N1 = [0 1];
S1 = ’<’;
[p1,p2]=racines(AE1)
H=create_hybrid_system(’affine’);
H=add_state(H,1,’On’,AE1,B1);
H=add_state(H,2,’Off’,AE2,B2);
H=add_event(H,1,’Iref’,N1,a,S1);
H=add_periodic_event(H,2,’Clock’,T,0);
H=add_transition(H,1,2,1);
H=add_periodic_transition(H,2,1,2);
%
%% Initial condition
X0.t=T/1000;
X0.E=1;
X0.Xc=[16.4549;0.4648];
%
%% Vary a and memorize the points for the bifurcation tree
na=length(ta);
tic;
for ia = 1 : na

a=ta(ia);
if a==1.3
end
%% Update of the equation with a new a

vi=X.Xc;
cc=ia;

% Here only Iref varies and the corresponding border is then
modified
H=add_event(H,1,’Iref’,N1,a,S1);
H=update_transition(H,1,2,1);
X=X0;
%
%% transient zone
for i = 1: nb_trans

[X]=recu(H,X);
[X]=recu(H,X);

end
%% Assure that we are on a periodic event, state E=1
%

if (X.E ~= 1)
[X]=recu(H,X);

end
%
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Xin=X.Xc;
tt0=X.t;
it=1;

%% memorize ordremax points issued from the periodic transition
2-> 1
%

while (it<(ordre_max+1))
[X]=recu(H,X);%1->2
tt=X.t-tt0;
ii=1;
while (ii * T<tt)

points(:,ia,it)=traj_ni(AE1,B1,p1,p2,Xin,ii * T);
Xin=traj_ni(AE1,B1,p1,p2,Xin,ii * T);
it=it+1;
ii=ii+1;

end
%
[X]=recu(H,X);%2->1

points(:,ia,it)=X.Xc;
Xin=X.Xc;
tt0=X.t;
it=it+1;

end
%

fprintf(’Approximately %2.1f %% are done, yet approximately %5.0f
seconds...

that is %3.0f minutes\n’,ia/na * 100,toc/ia * (na-ia),toc/ia *
(na-ia)/60)

end
%scan the values of ’a’
temps_ecoule=toc
save(monfich)
%%
cc
vi
affiche_figuier

%%%%----------------------------affiche_figuier.m----------------
%% Charges the file containing the saved points
% if the file "figuier" is not executed
if (exist(’points’)==1)

disp(’use the points matrix of the workspace’);
elseif (exist(’data_points.mat’)==2)

disp(’charge the points that are in data_points.mat’);
load data_points
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else
disp(’There are no points or files of points: try points.mat insh
ALLAH!’)
load points

end
%% bifurcation tree depending on the dimensions x then y
% % for dim=1:2
% %
% % plot(points(dim,1,1));
% % hold on;
% % for ia=1:length(ta)
% % for io=2:ordre_max
% % plot(ta(ia),points(dim,ia,io));
% % end
% % end
% % xlabel(’a’);
% % figure
% % end
% figure
%
% plot(points(1,1,1));
% hold on;
% for ia=1:length(ta)
% for io=2:ordre_max
% plot(ta(ia),points(1,ia,io));
% end
% end
% xlabel(’Vin(V)’);
% ylabel(’vC(V)’);

plot(points(2,1,1));
hold on;
for ia=1:length(ta)

for io=2:ordre_max
plot(ta(ia),points(2,ia,io));

end
end
xlabel(’Iref(A)’);
ylabel(’iL(A)’);

%% bifurcation tree in 3D
% z = variable parameter denoted a
% x the dimension x
% y the dimension y of the point

plot3(points(1,1,1),points(2,1,1),ta(1));
plot3(ta(1),points(2,1,1),points(1,1,1));
hold on;
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for ia=1:length(ta)
for io=1:ordre_max

plot3(ta(ia),points(2,ia,io),points(1,ia,io));
end

end
xlabel(’Iref(A)’);
ylabel(’iL(A)’);
zlabel(’vC(V)’);
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 ��� 	�����	 ������ •����� ��  •�� � �� � � ���•� ‚�� ����� ����� �� ���
 ���
	�
� ����� �� 	������� ��� ��•��	����� ��������� � �� � 	��������
��� �� ��	� �����
 	����

%%
% Define an affine system ii at random and simulate it
% by use of our Matlab toolbox solver
%
%detection of errors manually
%
% Warning
% In the affine case ’=’ is not supported yet !
addpath(’.\hybrid_solver’);
%
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else
disp(’There are no points or files of points: try points.mat insh
ALLAH!’)
load points

end
%% bifurcation tree depending on the dimensions x then y
% % for dim=1:2
% %
% % plot(points(dim,1,1));
% % hold on;
% % for ia=1:length(ta)
% % for io=2:ordre_max
% % plot(ta(ia),points(dim,ia,io));
% % end
% % end
% % xlabel(’a’);
% % figure
% % end
% figure
%
% plot(points(1,1,1));
% hold on;
% for ia=1:length(ta)
% for io=2:ordre_max
% plot(ta(ia),points(1,ia,io));
% end
% end
% xlabel(’Vin(V)’);
% ylabel(’vC(V)’);

plot(points(2,1,1));
hold on;
for ia=1:length(ta)

for io=2:ordre_max
plot(ta(ia),points(2,ia,io));

end
end
xlabel(’Iref(A)’);
ylabel(’iL(A)’);

%% bifurcation tree in 3D
% z = variable parameter denoted a
% x the dimension x
% y the dimension y of the point

plot3(points(1,1,1),points(2,1,1),ta(1));
plot3(ta(1),points(2,1,1),points(1,1,1));
hold on;
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for ia=1:length(ta)
for io=1:ordre_max

plot3(ta(ia),points(2,ia,io),points(1,ia,io));
end

end
xlabel(’Iref(A)’);
ylabel(’iL(A)’);
zlabel(’vC(V)’);
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%%
% Define an affine system ii at random and simulate it
% by use of our Matlab toolbox solver
%
%detection of errors manually
%
% Warning
% In the affine case ’=’ is not supported yet !
addpath(’.\hybrid_solver’);
%
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L=1.5E-3;
T=100E-6;
R=40;
E=10;
C=5E-6;
%Bifurcation parameter
Iref=0.7; %1;%1.3;%1.5;
% X = [vc ; iL]
%
%System 1 On
A1=[ -1/R/C, 0 ;

0 0 ];
B1=[0 ; E/L];
N1 = [0 1];
Lim1= Iref;

% System 2 Off
A2=[ -1/R/C, 1/C ;

-1/L 0 ];
B2=[0 ; E/L];
%
%% Initial condition
X0.t=0;
X0.E=1;
X0.Xc=[16.4549;0.4648];%[13.6097 ;0.3435];
%
%% Boost converter
clear H;
H=create_hybrid_system(’Boost Converter’);
H=add_state(H,1,’On’,A1,B1);
H=add_state(H,2,’Off’,A2,B2);
%
H=add_event(H,1,’Iref’,N1,Lim1,’<’);
H=add_transition(H,1,2,1);
H=add_periodic_event(H,2,’Clock’,T,0);
H=add_periodic_transition(H,2,1,2);
Han=H;
%
Xan = hsim(Han,X0,4 * T);
%
[XcAn,EAn,tAn]=split_state(Xan);
%

trajplane(Xan,Han)
figure;

subplot(211);
trajplot(Xan,Han,1);
subplot(212);
trajplot(Xan,Han,2);
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L=1.5E-3;
T=100E-6;
R=40;
E=10;
C=5E-6;
%Bifurcation parameter
Iref=0.7; %1;%1.3;%1.5;
% X = [vc ; iL]
%
%System 1 On
A1=[ -1/R/C, 0 ;

0 0 ];
B1=[0 ; E/L];
N1 = [0 1];
Lim1= Iref;

% System 2 Off
A2=[ -1/R/C, 1/C ;

-1/L 0 ];
B2=[0 ; E/L];
%
%% Initial condition
X0.t=0;
X0.E=1;
X0.Xc=[16.4549;0.4648];%[13.6097 ;0.3435];
%
%% Boost converter
clear H;
H=create_hybrid_system(’Boost Converter’);
H=add_state(H,1,’On’,A1,B1);
H=add_state(H,2,’Off’,A2,B2);
%
H=add_event(H,1,’Iref’,N1,Lim1,’<’);
H=add_transition(H,1,2,1);
H=add_periodic_event(H,2,’Clock’,T,0);
H=add_periodic_transition(H,2,1,2);
Han=H;
%
Xan = hsim(Han,X0,4 * T);
%
[XcAn,EAn,tAn]=split_state(Xan);
%

trajplane(Xan,Han)
figure;

subplot(211);
trajplot(Xan,Han,1);
subplot(212);
trajplot(Xan,Han,2);
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Chapter 9
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1. Introduction 

The main objective of the chapter is the development of technological knowledge, based on 
Matlab/Simulink programming language, related to grid connected power systems for 
energy production by using Renewable Energy Sources (RES), as clean and efficient sources 
for meeting both the environment requirements  and the technical necessities of the grid 
connected power inverters. Another objective is to promote the knowledge regarding RES; 
consequently, it is necessary to bring contribution to the development of some technologies 
that allow the integration of RES in a power inverter with high energy quality and security. 
By using these energetic systems, the user is not only a consumer, but also a producer of 
energy. This fact will have a direct impact from technical, economic and social point of view, 
and it will contribute to the increasing of life quality. 

The chapter intends to integrate itself into the general frame of the EU energy policies by 
imposing the global objectives of reduci ng the impact upon the environment, and 
promoting the RES for the energy production. At the same time, the chapter is strategically 
oriented towards the compatibility with the priority requirements from some European 
programmes: the wide-spread im plementation of the distribu ted energy sources, of the 
energy storage technologies and of the grid connected systems. 

The chapter strategy follows two directions: the first, is thedevelopment of knowledge (a 
study and implementation of a high performance grid-power inverter; the fuel cells 
technology as RES; the control methods; specific modelling and simulation methods); the 
second focuses upon the applicative research (a real time implementation with dSPACE 
platform is provided).   

The interdisciplinarity of the chapter consists of using specific knowledge from the fields of: 
energy conversion, power converters, Matlab/Simulink simulation software, real time 
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1. Introduction 

Remote control is one of the best solutions for managing inaccessible systems. Many 
researches have been made in the field of the remote control [1-4]. These researches have 
improved certain aspects of industry, medicine, military, etc. The benefits of remote control 
are numerous such as: operating in hazard environment, telemedicine, missile guidance, etc. 
The most important characteristic of remote control is operating in real-time as shown in 
papers form references [5-7].  

Many applications in the field of medicine and industry use different kind of motor-based 
systems especially stepper motors because of their wide-range of sufficient characteristics 
like the fact that they can be used as constant power devices with accurate positioning and 
fast response [8-12]. 

In today’s society, robots are used in various areas especially in those where high precision 
is required. Some of the examples where robotic arms found their appliance are: in vehicle 
construction where efficiency and reliability are required, in chemical industry where 
environment is not suitable for human, in medicine where robotic arm precision is used in 
operations, etc [13]. Robots have improved life standards and we are upgrading their 
performances in order to make our lives easier and more comfortable. 

This chapter describes implementation of the proposed remote control of the stepper motor 
and robotic arm with five DOF via web server and VNC server [14, 15]. VNC server was 
used to receive visual feedback from robotic arm. The quality of image was important and it 
couldn’t be sent via MATLAB server because real time characteristic would be lost. The 
decision to use microcontroller was based on its characteristics. Developing such system is 
cheaper than developing on other platforms such as PLC or FPGA. 
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6. Conclusion 

This paper presented the design of a remotely controlled stepper motor and robotic arm via 
web server. Operating algorithms and GUI were realized for both systems. Through the GUI 
for the stepper motor user can operate the motor in two modes: velocity and positional. The 
feedback received from the encoder is sent through the established connection from server 
to the client. Experimental results demonstrate the effectiveness of the remotely controlled 
stepper motor. Using the GUI for the robotic arm,  user can operate each joint of robotic arm 
separately. The feedback received from the camera is sent through the established 
connection from server to the client. Experimental results are not shown in this paper, 
because as stated before, this model of robotic arm does not possess encoders. That is the 
reason why camera was used as visual feedback. The system operates in real time and visual 
feedback provides us information about current state of robotic arm. System is based on 
microcontroller and its development is not ex pensive, unlike the systems which are based 
on other technologies i.e. PLC. These systems are used in environments which are 
dangerous for humans. 
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1. Introduction 

Technology surrounds us in every step we take. Computers, mobile phones or cars would 
not exist without smart researchers and innovators. We need more and more engineers and 
scientists to sustain technological growth. The current state of technology and technological 
growth is facing two problems. The first problem is population declining in many countries. 
Germany is a country with least population growth in Europe, for example. The second 
problem is that many industrial and research centres demand high quality engineers (Blau, 
2011). These two problems come hand in hand as you can imagine. Society can affect both of 
them in some way but providing high quality en gineers is what we can affect at fastest. 
Learning is an important process in our lives. Educational institutions prepare students to 
fulfil requirements from the so ciety. There are many modern methods and technologies for 
learning but most of them have one in common today – computers. 

Computer aided learning has found a way in  learning process from primary schools to 
universities (Abdullah et al., 2010, Bertrand, 1989). Computers are also significantly 
involved in teaching technology serving sciences like mathematics, physics and information 
technology. Technical computing plays an important role in these specializations. Many 
software applications are accessible for teaching as Matlab, Octave, Scilab and Mathematica, 
for example. Other specialized programs exist as well, but they are often used to solve 
specialized problems and tasks. Therefore we are not going to mention them. The 
worldwide most spread applications at educational institutions used by is Matlab, which is 
considered as standard in technical computing and science (The MathWorks, 2012a). Matlab 
is a very powerful tool for computing and si mulation. Basic mathematical core provides 
functions for high performance computing. On top of that, Matlab provides add-ons 
(toolboxes) to enhance its usage via adding more functions in specialized fields of 
technology, economics, medicine or biology. Matlab is also applied in many publications in 
different fields. Matlab is not only exploited in computations but also in the process of 
teaching and learning. In the Matlab environment there are small GUI applications that can 
be created to improve learning (Andreatos & Zagorianos, 2009). 
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1. Introduction 

Mathematical analysis tools provide an invaluable (and sometime essential!) tool for use 
within the engineering disciplines and are readily found in education, research and 
industrial applications. For example, within the industrial applic ations, mathematical 
analysis tools provide an essential aid at all stages of a product development from design 
through manufacture to test. Alth ough there are a number of useful tools available, since its 
inception, MATLAB [1] has found a unique ro le within the engineer ing disciplines. Given 
the need to utilise this tool ultimately in both a research context and an industrial 
application context, there is a need to introduce students at the university level to the 
effective use of MATLAB, with a focus on the particular discipline area of the student. 

In this chapter, the use of MATLAB is presented and discussed within a university 
education context and in particular the integration of MATLAB into the teaching and 
learning of semiconductor device fundamenta ls for electronic and computer engineering 
students. The aim is to support the student learning of semiconductor device operation, 
primarily diodes (silicon, germanium, Schottky barrier and Zener) and transistors (bipolar 
junction transistors (BJTs), junction field effect transistors (JFETs) and metal-oxide 
semiconductor field effect transistors (MOSFETs)).  

MATLAB is primarily used as a data analysis, presentation and reporting tool in this 
context, but the natural integration of MATLAB into the teaching and learning environment 
has two real purposes: 

1. Firstly, it is an introduction to the tool for generic engineering and scientific design and 
data analysis. 

2. Secondly, it is used to support the learning of semiconductor device operation.  

The basic idea is that experiments are undertaken on practical devices, the results obtained 
are then analysed in MATLAB and finally co mpared to the ideal device (mathematical) 
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1. Introduction 

Transmission lines are the elements of the electric power system that connect the load to the 
generation joining the production facilities of energy over large geographic areas. You could 
say that the transmission of electricity is one of the most important contributions that 
engineering has offered to the modern civilization. 

The distribution of current potential differences and the transfer of energy along a 
transmission line can be analyzed by various methods, and it is expected that all lead to the 
same result. In engineering problems, in general, it can not indiscriminately apply a single 
formula for solving a specific problem, without the full knowledge of the limitations and 
simplifications accepted in its derivation. It is worth mentioning that this circumstance 
would lead to its misuse. The so-called mathematical solutions of physical phenomena 
typically require simplifications and idealizations. 

Therefore, there are several models that represent the transmission lines and can be 
classified as to the nature of their parameters in the model parameters constant and variable 
parameters the models with frequency. 

The parameters in the models in terms of frequency are easy to use, but can not adequately 
represent the line in the entire range of frequencies at which these phenomena are transient 
in nature. In most cases, these designs increase the amplitude of the high order harmonics, 
distorting the waveform peaks an d producing exaggerated errors.  

For adequate representation of the transmission line should be considered that the 
longitudinal line parameters are strongly frequency dependent, including the variable 
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