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! Sliding Mode Control

? Variable Structure Control System
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! Artificial intelligence

* Fuzzy logic

? Neural network

* Evolutionary computations
> Soft computing
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7 Neuro-sliding mode

¥ Neuro-fuzzy sliding mode
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? Multilayer perceptron network
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! Constant rate reaching law
* Constant plus proportional rate reaching law
? Exponential reaching law

* Power rate reaching law
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! Discrete Sliding Mode Control
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* Quasi Sliding Mode
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% Stochastic systems
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2 Recursive Newton-Euler formulation
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! Lagrangian formulation
* Revolute joint
3 Prismatic joint

* Generalized force
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! Generalized force
*Virtual displacement

3 Virtual work
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% Frictional force
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"'Viscous friction
* Dynamic friction
3 Static friction

* Coulomb
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u=rands(1, 351)*2; % u(k)......... [-2,2]

yp(1)=0;

yp(2)=0;

for k=2:351
yp(k+D=yp(K)*(yp(k-1)+2)*(yp(k)+2.5)/(8.5+yp(k)"2+yp(k-1)"2)+u(k);
out(k-1)=(yp(k+1)-u(k))/10; %normalizing output training data
in(k-1)=yp(k)/10; %normalizing input training data

end;

plantin=[in(1:349); in(2:350)]; plantout=out(1:349);

net = newff(minmax(plantin),[ 10 1],{'tansig' purelin'},'trainlm','learngdm’,'mse")
net = init(net);

net.iw{l,1}

net.b{1}

net.trainParam.epochs = 500;

net.trainParam.goal = 0.0001;

net=train(net,plantin,plantout);

trainedout=sim(net,plantin);

figure

plot(plantout,'k"); % Actual plant output

hold on;

plot(trainedout,":k','LineWidth',2); %Trained neural network output
axis([0, 350, -0.2 ,0.7]);

xlabel('Time Step');

ylabel('Plant (solid) NN Output (dotted)');

yp(1)=0.0; yp(2)=0.0;0ut1(1)=0; outl(2)=0;
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for k=2:600
if (k<=250)u(k)=2.0*cos(2*pi*k*0.01);
end
if k>=250 & k<=450
u(k)=1.2*sin(2*pi*k*0.05);
end;
if k>=450
u(k)=1.2*sin(4*pi*k*0.05);
end
yp(k+D=yp(k)*(yp(k-1)+2)*(yp(k)+2.5)/(8.5+yp(k)"2+yp(k-1)"2)+u(k);
outl(k)=yp(k)/10;
outl(k-1)=yp(k-1)/10;
nnout(k+1)=10*sim(net,[outl(k);outl(k-1)])+u(k);
end
figure
plot(yp,'k');
hold on;
plot(nnout, ":k','LineWidth',2);
axis([0, 600, -4.0, 10.0]);
xlabel('Time Step');
ylabel('Plant (solid) NN Output (dotted)');
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Abstract

In this thesis, neuro-fuzzy-sliding mode controllers are studied for the three-link
SCARA robot. The main goals are to design a free model controller and to eliminate the
chattering that is produced by the switching term and also to obtain a robust controller
against the joint friction and external disturbance. In this method, a neural network used
to approximate the equivalent control law and in a same time to evaluate the switching
law, a fuzzy system is utilized. The weights of the neural network are updated such that
the fuzzy system output (for the multilayer perceptron network) and the sliding surface
(for the radial base network) of the neuro-fuzzy-sliding mode controller approaches to
zero. The simulation result of this method is compared with conventional sliding mode.
Moreover, in order to design a flexible and low cost controller and also to reduce the
computational burden, two other controllers are proposed. In the first one, the previous
neuro-fuzzy-sliding mode controller is redefined in discrete time domain and is
compared with discrete sliding mode. Additionally, the sampling time effects on the
closed loop system convergence are discussed. For the second one, to design a faster
controller the fuzzy system is neglected and the nonlinear sliding surface is used to
compensate fuzzy system specifications. In all of three above cases, presented
simulation results demonstrate the performance improvement in each cases. The
proposed controllers also are applicable to large class of MIMO systems.

Keywords: Neuro-fuzzy-sliding mode control, Discrete sliding mode, Nonlinear sliding
surface, Neural Network, Fuzzy logic, SCARA robot.
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