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% Copyright Dr. Hamid D. Taghirad  2005
 
clc
 echo on
%   This is the matlab file to construct robust stability solution 
%   to the course note example. New LTI system structures, and 
%   robust control tools are used in this example.
%   Matlab ver 7 and Robust Control toolbox ver 3 is required
%
%                         1     
%       Plant  =   ------------------
%                    (s - 1)(s - 2)
%
%                 (s + 1)^2
%       Wt   =  ------------
%                    25
pause % strike any key to continue
 
clc
%
%   The Nominal plant and weights are build in zero-pole format
%
s=zpk('s');                 % zero-pole format
plant=1/((s-1)*(s-2));      % plant 
wt=(s+1)^2/25;              % weighting function
wt_1=25/((s+1)^2);          % inverse of the weight
aug_pl=plant*wt;            % Augmented plant and weight
%
%
%   Build multiplicative uncertainty block and uncertain system
%
%
delta   = ultidyn('delta',[1 1]);   % 1 by 1 full delta block
wt_prop = wt/(1e-3*s+1)^2;          % weighting function propered
Pertplant = plant*(1+wt_prop*delta);% Perturbed plant
Psample   = usample(Pertplant,10);  % 10 random samples of the plant
                                    % Note in each run the samples vary
                                   
pause   % strike any key to continue
clc
 
%   Do a frequency_response for the nominal system, 
%   10 samples of uncertain system and the uncertainty weight
%
%
%   Wait a few seconds for calculations
 
echo off
 omega  = logspace(-1,2,200);     % frequency vector
 bodemag(plant,'b',Psample,'g:',omega); % frequency response of 
                                        % nominal and perturbed plants
 grid;   
 title('Frequency Response of the Nominal Plant vs. 10 uncertail plant samples');
 xlabel('Frequency (rad/s)');
 ylabel('Magnitude');
 echo on
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%
%   The frequency responses are plotted in Figures Window
%
 
 pause   % strike any key to continue
clc
 
%  Now that the plant and the weight have been defined, 
%  construct the interconnection structure, Plant_IC;
 
systemnames = 'aug_pl wt_1';
inputvar = '[yref; u]';
outputvar = '[ aug_pl; yref - wt_1]';
input_to_aug_pl = '[ u ]';
input_to_wt_1 = '[ aug_pl]';
sysoutname = 'plant_ic';
cleanupsysic = 'yes';
sysic
 
 
pause   % strike any key to continue
clc
%
%   We can change the properties of the generated plant using
%   get and set comands or as following. 
%   See page 1-25 Control Toolbox user guide for the details.
%
 
plant_ic.InputName={'yd';'u'};      % Set the input names
plant_ic.OutputName={'y';'e'};      % Set the output names
%
%   We can make sure that our augmented system has its minimal 
%   realization to avoid uncontrallability for some hidden modes
%   Check zero-poles patterns and use minreal
%
 
plant_ic(2,2)
plant_ic =  minreal(plant_ic);
plant_ic(2,2)
 
pause   % strike any key to continue
clc
  
% The next step is to design an H-infinity control law for PLANT
% The hinfsyn computes a stabilizing H optimal LTI/SS controller 
% K for a partitioned LTI plant P. 
%
% [K,CL,GAM,INFO]=hinfsyn(P,NMEAS,NCON,KEY1,VALUE1,KEY2,VALUE2,...)
%
% The controller, K, stabilizes the P and has the same number 
% of states as P. The SYSTEM P is partitioned where inputs to 
% B1 are the disturbances, inputs to B2 are the control inputs, 
% output of C1 are the errors to be kept small, and outputs of 
% C2 are the output measurements provided to the controller. 
% B2 has column size (NCON) and C2 has row size (NMEAS). 
% The optional KEY and VALUE inputs determine tolerance, 
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% solution method and so forth--see Figure 1 for details. 
%
% The closed-loop system is returned in CL and the achieved H-inf
% cost in GAM. INFO is a STRUCT array that returns additional 
% information about the design.
%
% 'GMAX' real initial upper bound on GAM (default=Inf)
% 'GMIN' real initial lower bound on GAM (default=0)
% 'TOLGAM' real relative error tolerance for GAM (default=.01)
% 'S0'real(default=Inf) frequency S0 at which entropy is evaluated, 
%    only applies to METHOD 'maxe'
% 'METHOD' `ric'(default) standard 2-Riccati solution, OR  
%   'lmi' LMI solution Or 
%   'maxe' maximum entropy solution
% 'DISPLAY''off' or 'on'(default) no command window display, or
% command window displays synthesis progress information 
%
%
% In this example, the system interconnection structure is 
%  PLANT_IC, with 1 measurements, 1 controls, 
 
 pause   % strike any key to continue
 clc 
 [k1,g1,gamma1,info1]=hinfsyn(plant_ic,1,1,'Display','on');
 
 
% An H-infinity control law has been designed which achieves an
%  infinity norm of 0.6855 for the interconnection structure.
%
%
%  First, we will examine aspects of the controller
%  that was just designed, starting with the controller POLES 
%  and zeros.
pause   % strike any key to continue
 clc 
k1=zpk(k1)
 
%  Next, a Bode plot of the frequency response of k1
 
echo off
clf
bodemag(k1)
title('Bode plot of controller, k1')
xlabel('strike any key to continue')
 
format short e
echo on
pause   % strike any key to continue
 clc 
 
%   Onto the closed loop, first checking that it is stable.
 
echo off
g1=zpk(g1);
g1=minreal(g1)
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echo on
%  Now bode plot for a  system
 
bodemag(g1);
 
pause   % strike any key to continue
 
 
%  Next, find the peak norm of the frequency response, using
%   PKVNORM. This corresponds to the maximum singular of the
%   closed loop system.
echo off
 
 [g1peak,freqpeak]=norm(g1,inf);
 
 fprintf( '\n          final gamma : %g',gamma1)
 fprintf( '\n    Max singular value: %g \n \n',g1peak)
 echo on
 
 %
 %  Now check the robustness of the controller in the closed loop
 %  First find the perturbed closed loop for 10 samples
 
 echo off
CLpert   = feedback( Pertplant*k1 , 1);
CLsample = usample(CLpert,10);
CLnom    = CLpert.Nominal;
 
impulse(CLnom,'r',CLsample,':g')
title('Closed loop impulse response of nominal and 10 perturbed system')
 
echo on
%
 %  Now See the impulse response of the nominal closed system 
 %  and 10 perturbed ones.
 %  As it is seen in the figure window all responses are stable.
 pause   % strike any key to continue
clc
 
%% Robust Stability Analysis
% Does the closed-loop system remain stable for all values of |k|, |delta| 
% in the ranges specified above? We use |robuststab| to answer this basic
% robustness question: 
 
[stabmarg,destabunc,report,info] = robuststab(CLpert);
 
stabmarg
 
%%
% The variable |stabmarg| gives upper and lower bounds on the *robust
% stability margin*, a measure of how much uncertainty on |k|, |delta| the
% feedback loop can  tolerate before becoming unstable. For example, a
% margin of 0.8 indicates that as little as 80% of the specified
% uncertainty level can lead to instability. Here the margin is 1.46,
% which means that the closed loop will remain stable for up to 146% of the
% specified uncertainty. 
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pause   % strike any key to continue
 clc 
%The |report| function summarizes these results:   
 
report
pause   % strike any key to continue
 clc 
 
%%
% The variable |destabunc| contains the smallest combination of (|k|,|delta|)
% perturbations that causes instability.  
 
destabunc
 
pause   % strike any key to continue
 clc 
 
%%
% We can substitute these values into |ClosedLoop|, and verify that these
% values cause the closed-loop system to be unstable:
pole(usubs(CLpert,destabunc))
 
%%
% Note that the natural frequency of the unstable closed-loop pole is
% given by |stabmarg.DestabilizingFrequency|:
 
stabmarg.DestabilizingFrequency
 
%
%       This concludes the example 
%
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% Copyright Dr. Hamid D. Taghirad  2005
 
clc
 echo on
%   This is the matlab file to construct H_inf solution of
%   Nominal Performance solution for the flexible beam
%   to the course note example
%
%                   -6.475s^2+4.0302s+175.77  
% Plant  =   ---------------------------------------
%             5s^4+3.5682s^3+139.5021s+0.0929s+1e-6
%
%                  s^2+1.2s+1
%   Ws   =  ------------------------
%           (s+1e-3)(s+1.2)(1e-3s+1)
pause % strike any key to continue
 
clc
s=tf('s');                  % transfer function format
 
% plant transfer function
plant=(-6.475*s^2+4.0302*s+175.770)/...
    (5*s^4+3.5682*s^3+139.5021*s^2+0.0929*s+1e-6);
 
% weighting function
 
ws= 0.9 / 1.021 * (s^2 + 1.2 * s + 1)/...
         ((s+1e-3)*(s + 1.2)*(1e-3*s+1)); 
 
% Actuator effort weighting function
wu=tf(1e-3,1);   % To relax hinf solution assumption b1
 
clc
 
%  Now that the plant and the weight have been defined, 
%   construct the interconnection structure, Plant_IC;
 
echo off
systemnames = 'plant ws wu';
inputvar = '[yd; u]';
outputvar = '[ws; wu; yd-plant]';
input_to_plant = '[u]';
input_to_ws = '[yd-plant]';
input_to_wu = '[u]';
sysoutname = 'plant_ic';
cleanupsysic = 'yes';
sysic
echo on
 
pause   % strike any key to continue
clc
%
%   We can change the properties of the generated plant using
%   get and set comands or as following. 
%   See page 1-25 Control Toolbox user guide for the details.
%
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plant_ic.InputName={'yd' 'u'};      % Set the input names
plant_ic.OutputName={'Nom_p' 'Act_u' 'e'};      % Set the output names
 
 
pause   % strike any key to continue
clc
%%%
% Alternatively, we can use the |icsignal| and |iconnect| 
% functions to build the closed-loop model:
%
P  = iconnect;
yd = icsignal(1);
u  = icsignal(1);
e  = icsignal(1);
z  = icsignal(2);
P.Input = [yd; u];
P.Output = [z; e];
P.Equation{1} = equate(z(1),ws*(yd-plant*u));
P.Equation{2} = equate(z(2),wu*u);
P.Equation{3} = equate(e,yd-plant*u);
P_ic = P.System;
P_ic.InputName = {'yd' 'u'};
P_ic.OutputName = {'nom_p' 'Act_u' 'e'};
 
 pause   % strike any key to continue
 clc 
 
% The next step is to design an H-infinity control law for PLANT
%
% In this example, the system interconnection structure is 
%  plant_ic, or P_ic with 1 measurements, 1 controls, 
 
 pause   % strike any key to continue
 clc 
 [k1,g1,gamma1,info1]=hinfsyn(plant_ic,1,1,'Display','on','Tolgam',1e-3); 
 
% An H-infinity control law has been designed which achieves an
%  infinity norm of 0.9066 for the interconnection structure.
%
%  First, we will examine aspects of the controller
%  that was just designed, starting with the controller POLES 
%  and zeros.
pause   % strike any key to continue
 clc 
k1=minreal(k1);
k1=zpk(k1)
 
%  Next, a Bode plot of the frequency response of k1
 
echo off
clf
omega=logspace(-1,6,200);
bodemag(k1,omega)
title('Bode plot of controller, k1')
xlabel('strike any key to continue')

co
nt

ro
len

gin
ee

rs
.ir



11/11/09 11:19 AM D:\users\hamid\Courses\Robust\examples\b_flex_beam.m 3 of 3

 
format short e
echo on
pause   % strike any key to continue
 clc 
 
%   Now bode plot for the closed loop system
 
echo off
bodemag(g1(1,1),g1(2,1),':g',omega);
title('Closed loop Frequency responces; Nominal Performane, Actuator effort')
grid
 
%
%       This concludes the example 
%
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% Copyright Dr. Hamid D. Taghirad  2005
 
clc
clear all
format short e
 echo on
%   This is the matlab file to construct robust stability solution 
%   to the course note example. New LTI system structures, and 
%   robust control tools are used in this example.
%   Matlab ver 7 and Robust Control toolbox ver 3 is required
%
%                       ( s - 1 )       
%       Plant  =   ------------------
%                    (s + 1)(s - 0.2)
%
%                 (s + 0.1)
%       Wt   =  ------------
%                  (s + 1)
 
pause % strike any key to continue
 
clc
%
%   The Nominal plant and weights are build in zero-pole format
%
echo off
s=tf('s');                     % zero-pole format
plant=(s-1)/((s+1)*(s-0.2));    % plant 
wt=(s+0.1)/(s+1+eps);               % weighting function
% Actuator effort weighting function
wu=tf(1e-7,1);   % To relax hinf solution assumption b12
%
%
%   Build multiplicative uncertainty block and uncertain system
%
%
delta     = ultidyn('delta',[1 1]); % 1 by 1 full delta block
Pertplant = plant*(1+wt*delta);     % Perturbed plant
Psample   = usample(Pertplant,10);  % 10 random samples of the plant
                                    % Note in each run the samples vary
echo on                                   
%   Do a frequency_response for the nominal system, 
%   10 samples of uncertain system and the uncertainty weight
%
%
%   Wait a few seconds for calculations
 
echo off
 omega  = logspace(-3,2,200);     % frequency vector
 bodemag(plant,'b',Psample,'g:',omega); % frequency response of 
                                        % nominal and perturbed plants
 grid;   
 title('Frequency Response of the Nominal Plant vs. 10 uncertail plant samples');
 xlabel('Frequency (rad/s)');
 ylabel('Magnitude');
echo on
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%
%   The frequency responses are plotted in Figures Window
%
 
pause   % strike any key to continue
clc
 
% Now that the plant and the weight have been defined, 
% construct the interconnection structure, Plant_IC;
% We use the |icsignal| and |iconnect| 
% functions to build the closed-loop model
%
echo off
 
P  = iconnect;
yd = icsignal(1);
u  = icsignal(1);
e  = icsignal(1);
z  = icsignal(1);
P.Input  = [yd; u];
P.Output = [z;  e];
P.Equation{1} = equate(z,wt*plant*u);
P.Equation{2} = equate(e,yd-(plant*u));
plant_ic = P.System;
plant_ic.InputName  = {'yd' 'u'};
plant_ic.OutputName = {'Robust_s' 'e'};
echo on
%
%
%   We can make sure that our augmented system has its minimal 
%   realization to avoid uncontrallability for some hidden modes
%   Check zero-poles patterns and use minreal
%
 
plant_ic =  minreal(plant_ic);
 
pause   % strike any key to continue
clc
  
% The next step is to design an H-infinity control law for PLANT
% In this example, the system interconnection structure is 
% plant_ic, with 1 measurements, 1 controls, 
 
[k1,g1,gamma1,info1]=hinfsyn(plant_ic,1,1,'TOLGAM',1e-4,'Display','on');
 
%
%  First, we will examine aspects of the controller
%  that was just designed, starting with the controller POLES 
%  and zeros.
pause   % strike any key to continue
clc 
k1=minreal(k1);
k1=zpk(k1)
 
%  Next, a Bode plot of the frequency response of k1
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echo off
clf
bodemag(k1)
title('Bode plot of controller, k1')
xlabel('strike any key to continue')
 
format short e
echo on
pause   % strike any key to continue
 clc 
 
%   Onto the closed loop, first checking that it is stable.
 
echo off
g1=minreal(g1);
g1=zpk(g1)
 
 
echo on
%  Now bode plot for a  system
 
omega=logspace(0,5,200);
bodemag(g1,omega);
 
pause   % strike any key to continue
 
 
%  Next, find the peak norm of the frequency response, using
%   PKVNORM. This corresponds to the maximum singular of the
%   closed loop system.
echo off
 
 [g1peak,freqpeak]=norm(g1,inf);
 
 fprintf( '\n          final gamma : %g',gamma1)
 fprintf( '\n    Max singular value: %g \n \n',g1peak)
 echo on
 
 pause   % strike any key to continue
 clc
 %
 %  Now check the robustness of the controller in the closed loop
 %  First find the perturbed closed loop for 10 samples
 
 echo off
CLpert   = feedback( Pertplant*k1 , 1);
CLsample = usample(CLpert,10);
CLnom    = CLpert.Nominal;
t=0:1e-5:3e-3;
impulse(CLnom,'r',CLsample,':g',t)
title('Closed loop impulse response of nominal and 10 perturbed system')
 
echo on
%
%  Now See the impulse response of the nominal closed system 
%  and 10 perturbed ones.
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%  As it is seen in the figure window all responses are stable.
pause   % strike any key to continue
clc
%
%% Robust Stability Analysis
% Does the closed-loop system remain stable for all values of |k|, |delta| 
% in the ranges specified above? We use |robuststab| to answer this basic
% robustness question: 
 
[stabmarg,destabunc,report,info] = robuststab(CLpert);
report
 
%
%       This concludes the example 
%
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Robust Control Toolbox    

h2hinfsyn 

Mixed H2/H  synthesis with pole placement constraints 

Syntax
[gopt,h2opt,K,R,S] = hinfmix(P,r,obj,region,dkbnd,tol) 

Description

h2hinfyn performs multi-objective output-feedback synthesis. The control problem is sketched in this figure.

Figure 11-4: Mixed H2/H  synthesis

If T (s) and T2(s) denote the closed-loop transfer functions from w to z  and z2, respectively, hinfmix computes a 
suboptimal solution of the following synthesis problem:

Design an LTI controller K(s) that minimizes the mixed H2/H  criterion

subject to

||T ||  < 0
||T2||2 < 0
The closed-loop poles lie in some prescribed LMI region D.

Recall that ||.||  and ||.||2 denote the H  norm (RMS gain) and H2 norm of transfer functions. 

P is any SS, TF, or ZPK LTI representation of the plant P(s), and r is a three-entry vector listing the lengths of z2, y, and 
u. Note that z  and/or z2 can be empty. The four-entry vector obj = [ 0, 0, , ] specifies the H2/H  constraints 
and trade-off criterion, and the remaining input arguments are optional:

region specifies the LMI region for pole placement (the default region = [] is the open left-half plane). Use 
lmireg to interactively build the LMI region description region
dkbnd is a user-specified bound on the norm of the controller feedthrough matrix DK. The default value is 100. To 
make the controller K(s) strictly proper, set dkbnd = 0.
tol is the required relative accuracy on the optimal value of the trade-off criterion (the default is 10-2).

The function h2hinfsyn returns guaranteed H  and H2 performances gopt and h2opt as well as the SYSTEM matrix 
K of the LMI-optimal controller. You can also access the optimal values of the LMI variables R, S via the extra output 
arguments R and S. 
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A variety of mixed and unmixed problems can be solved with hinfmix. In particular, you can use hinfmix to perform 
pure pole placement by setting obj = [0 0 0 0]. Note that both z  and z2 can be empty in such case. 

Reference

Chilali, M., and P. Gahinet, "H  Design with Pole Placement Constraints: An LMI Approach," to appear in IEEE Trans. 
Aut. Contr., 1995. 

Scherer, C., "Mixed H2 H  Control," to appear in Trends in Control: A European Perspective, volume of the special 
contributions to the ECC 1995. 

See Also
lmireg      Specify LMI regions for pole placement purposes

msfsyn      Multi-model/multi-objective state-feedback synthesis

 
 gridureal  h2syn 

© 1984-2006 The MathWorks, Inc. • Terms of Use • Patents • Trademarks • Acknowledgments
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% Copyright Dr. Hamid D. Taghirad  2005
 
clear all
clc
 echo on
%
%   This is the matlab file to construct H_2 and H_inf and h2/hinf
%   solution of course example page 5-14, with second order 
%   nominal model. An iterative approach is used to refine the hinf
%   controller design.
%                   1   
%   Plant  =  ---------------
%              s^2 +0.2s + 1 
%
%               10(s + 1)
%     ws   =  -----------------
%               (s+0.01)(s + 10)
%
%                 2*(s+10)^2
%     wt   =     ------------
%                    1000 
%
%     wu   =   1
%
 
pause % strike any key to continue
 
%
%   Construct the interconnected plant using sysic
%
s=zpk('s');                  % zero=pole format
 
% plant transfer function
plant=1/(s^2+0.2*s+1);
 
% uncertainty weighting function
wt= (s+10)^2/500;
wt_1= 1/wt;
 
%   augmented plant
Pw = plant*wt;
 
% performance weighting function
ws= 2*(s+1)/((s+0.01)*(s+10));
 
 
% Actuator effort weighting function
wu=tf(1,1);  
 
%  Now that the plant and the weight have been defined, 
%  construct the interconnection structure, P_IC;
 
echo off 
systemnames =  'Pw wt_1 wu ws';
inputvar    =  '[yd; u]';
outputvar   =  '[Pw; ws ; wu; yd - wt_1]';
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input_to_Pw =  '[u]';
input_to_wt_1 ='[Pw]';
input_to_wu =  '[u]';
input_to_ws =  '[yd - wt_1]';
sysoutname =   'P_ic';
cleanupsysic = 'yes';
sysic
P_ic.InputName={'yd' 'u'};      % Set the input names
P_ic.OutputName={'Rob_st' 'Nom_p' 'Act_e' 'e'};      % Set the output names
 
P_ic=minreal(P_ic);
 
%clear plant Pw wt_1 wu ws
echo on
pause   % strike any key to continue
clc
 [k1,g1,gamma1,info1]=hinfsyn(P_ic,1,1,'Display','on','To',1e-4); 
 
pause   % strike any key to continue
 clc 
 %
 %  Plot and analyze the sigma plot and objective function bode
 %
echo off
omega=logspace(-2,3,200);
[mag_g1,phase_g1]=bode(g1,omega);
sig_g1=sigma(g1,omega);
semilogx(omega,sig_g1,omega,mag_g1(1,:),'--r', ...
    omega,mag_g1(2,:),':g',omega,mag_g1(3,:),'-.m')
 
echo on
%
%   As it is seen in the plot the actuator effort dominates the objective
%   function. A better design would be to add frequency content to the
%   actuator weigting function. Here we reduce the actuator effort at 
%   low frequency with a factor of 0.9 and permit higher amplitude at 
%   high frequencies, to obtain a better performance.
%
wu=0.9*(0.1*s+1)/(s+1);
 
pause   % strike any key to continue
clc  
 
 %  Regenerate the system interconnection P_ic
 
echo off 
systemnames =  'Pw wt_1 wu ws';
inputvar    =  '[yd; u]';
outputvar   =  '[Pw; ws ; wu; yd - wt_1]';
input_to_Pw =  '[u]';
input_to_wt_1 ='[Pw]';
input_to_wu =  '[u]';
input_to_ws =  '[yd - wt_1]';
sysoutname =   'P_ic';
cleanupsysic = 'yes';
sysic
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P_ic.InputName={'yd' 'u'};      % Set the input names
P_ic.OutputName={'Rob_st' 'Nom_p' 'Act_e' 'e'};      % Set the output names
 
P_ic=minreal(P_ic);
 
echo on
pause   % strike any key design the controller
clc
 [k2,g2,gamma2,info2]=hinfsyn(P_ic,1,1,'Display','on','To',1e-4); 
 
pause   % strike any key to continue
 clc 
 %
 %  Plot and analyze the sigma plot and objective function bode
 %
echo off
[mag_g2,phase_g2]=bode(g2,omega);
sig_g2=sigma(g2,omega);
semilogx(omega,sig_g2,omega,mag_g2(1,:),'--r', ...
    omega,mag_g2(2,:),':g',omega,mag_g2(3,:),'-.m')
 
echo on
%
%   As it is seen in the plot by this change, the infinity norm of the
%   performance index comes down to one. 
%
%   Look at the robust stability curve the dashed red line, it is 
%   way below one, so we expect good stability margin. 
%
%   Look at the nominal performance curve dotted-green. its peak is also
%   beyond 0.6. Hence we can better performance by increasing the
%   bandwidth.
%
ws=2*(s+5)/((s+0.05)*(s+10));
 
echo off 
systemnames =  'Pw wt_1 wu ws';
inputvar    =  '[yd; u]';
outputvar   =  '[Pw; ws ; wu; yd - wt_1]';
input_to_Pw =  '[u]';
input_to_wt_1 ='[Pw]';
input_to_wu =  '[u]';
input_to_ws =  '[yd - wt_1]';
sysoutname =   'P_ic';
cleanupsysic = 'yes';
sysic
P_ic.InputName={'yd' 'u'};      % Set the input names
P_ic.OutputName={'Rob_st' 'Nom_p' 'Act_e' 'e'};      % Set the output names
 
P_ic=minreal(P_ic);
 
echo on
pause   % strike any key design the controller
clc
 [k3,g3,gamma3,info3]=hinfsyn(P_ic,1,1,'Display','on','To',1e-4); 
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pause   % strike any key to continue
 clc 
 %
 %  Plot and analyze the sigma plot and objective function bode
 %
echo off
[mag_g3,phase_g3]=bode(g3,omega);
sig_g3=sigma(g3,omega);
semilogx(omega,sig_g3,omega,mag_g3(1,:),'--r', ...
    omega,mag_g3(2,:),':g',omega,mag_g3(3,:),'-.m')
 
echo on
 
%
%   Now Solve H2 solution using h2syn
%
 
[k4,g4,gamma4,info4]=h2syn(P_ic,1,1); 
disp('The 2-norm of objective function is');
disp(gamma2);
 
pause   % strike any key to continue
clc 
 %
 %  Plot and analyze the sigma plot and objective function bode
 %
echo off
[mag_g3,phase_g3]=bode(g3,omega);
sig_g3=sigma(g3,omega);
semilogx(omega,sig_g3,omega,mag_g3(1,:),'--r', ...
    omega,mag_g3(2,:),':g',omega,mag_g3(3,:),'-.m')
 
pause % strike a key to continue
clc
echo on
 
%
%   Design H2/Hinf controller: Nominal Performance (using Robust Toolbox)
%
% [K,CL,NORMZ,INFO] = H2HINFSYN(P,NMEAS,NCON,NZ2,WZ,key1,value1,...)
%   Mixed H2/H-infinity synthesis with regional pole-placement
%   constraints.     NEW : ROBUST CONTROL TOOLBOX
%  
%   Given an LTI plant P with partitioned state-space form:
%    dx/dt = A  * x + B1  * w + B2  * u
%     zinf = Ci * x + Di1 * w + Di2 * u
%      z2  = C2 * x + D21 * w + D22 * u
%             y  = Cy * x + Dy1 * w + Dy2 * u
%   H2HINFSYN employs LMI techniques to compute an output-feedback control 
%   law u = K(s)*y that
%    * keeps the HINFNORM gain G from w to zinf below the value OBJ(1)
%    * keeps the H2NORM  H from w to z2 below the value OBJ(2)
%    * minimizes a trade-off criterion of the form
%                WEIGHT(1) * G^2 + WEIGHT(2) * H^2
%    * places the closed-loop poles in the LMI region specified
%      by REGION.
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%  
%   Input:
%    P        LTI plant
%    NMEAS    Number of measurements (length of y)
%    NCON     Number of control channels (length of u)   
%    NZ2      length of z2
%    WZ       1x2 vector of weights on zinf and z2 (i.e., weights for
%             H-infinity and H2 performance, respectively)
% 
% Option keywords and values:
%    REGION   Mx(2M) matrix  [L,M]  specifying the pole
%             placement region as
%                  { z :  L + z * M + conj(z) * M' < 0 }
%             Use the interactive function  LMIREG  to generate
%             REGION.  The default  REGION=[]  enforces just
%             closed-loop stability
%    H2MAX    upper bound on the H2 norm  w->z2   (default = Inf)
%    HINFMAX  upper bound on the HINFNORM gain w->zinf (default = Inf)
%    DKMAX    bound on the norm of the 
%             feedthrough gain DK of K(s)
%             (100=default, 0 yields a strictly proper controller)
%    TOL      desired relative accuracy on the objective
%             value  (default=1e-2)
%    DISPLAY  display synthesis information to screen, (default = 'off')  
%  
%   Output:
%    K        optimal output-feedback controller
%    CL       lft(P,K) (closed-loop system)
%    NORMZ    1x2 vector of closed-loop norms (HINFNORM gain w->zinf 
%             and H2 norm  w->z2   
%    
%    INFO     struct array:
%               INFO.R        solution R of LMI solvability condition
%               INFO.S        solution S of LMI solvability condition
nmeas=1;
ncon =1;
nz2  =1;
h2max=1.2;
alpha=1;
beta =0;
wz=[alpha beta];    % alpha = 1; beta = 0  cost:= alpha* inf_norm + beta* 2-norm
 
[k5,g5,normz5,info5]=h2hinfsyn(ss(P_ic),nmeas,ncon,nz2,wz,...
    'Display','off','h2max',h2max,'hinfmax',inf);
pause   %strike a key to continue
clc 
 %
 %  Plot and analyze the sigma plot and objective function bode
 %
echo off
[mag_g5,phase_g5]=bode(g5,omega);
sig_g5=sigma(g5(1:2,:),omega);      % in this plot only 
semilogx(omega,sig_g5,omega,mag_g5(1,:),'--r', ...
    omega,mag_g5(2,:),':g',omega,mag_g5(3,:),'-.m')
pause   %strike a key to continue
clc
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%  Plot a magnitude plot of the frequency response of k1 to k5
 
clf
bodemag(k1,'b',k2,'--r',k3,':g',k4,'-.m',k5,'c',omega)
legend('hinf 1','hinf 2','hinf 3','h2','h2/hinf')
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% Copyright Dr. Hamid D. Taghirad  2005
 
clc
 echo on
 
%% Robust Stability and Mu Analysis
% This demo shows how to use the Robust Control Toolbox to analyze and
% quantify the robustness of feedback control systems, including modeling

% stability with the |robuststab| function and gain insight into the
% connection with mu analysis and the |mussv| function.     
 
%% System Description
%  As it is described in the course notes the plant model P is uncertain, 
%  the signal d is disturbances, and the output e must be kept small 
%  for adequate disturbance rejection. 
%
s=zpk('s');                 % zero-pole format
plant=1/(s-1);              % plant 
Wu=((s/2+1)/4)/(s/32+1);    % Uncertainty weighting function
Wp=(0.25*s+0.6)/(s+0.006)   % Performance weighting function
 
%% Creating An Uncertain Plant Model
% As before we generate a full  1x1 uncertailty block
 
delta = ultidyn('delta',[1 1]);
P = plant*(1+Wu*delta);
 
%% Creating two Controllers
% For this example we use the following controllers
 
K1=-10*(0.9*s+1)/s;
K2=-(2.8*s+1)/s;
 
pause % strike a key to continue
clc
 
%% Creating a Closed-Loop System with SYSIC
% To build an uncertain model of the closed-loop system, we'll write the  
% interconnection equations directly from the block diagram and
% use the "sysic" function to compute the interconnection: 
 
systemnames  = 'P K1 Wp';
inputvar     = '[d]';
input_to_P   = '[K1]';
input_to_Wp  = '[d + P]';
input_to_K1  = '[d + P]';
outputvar    = '[Wp]';
cleanupsysic = 'yes';
CLoop1       = sysic;
CLoop1.InputName  = {'d'};
CLoop1.OutputName = {'e'};
 
pause % strike a key to continue
clc
%% 
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% Alternatively, we can use the |icsignal| and |iconnect| functions to
% build the closed-loop model for controller K2:
 
IC = iconnect;
d  = icsignal(1);
e  = icsignal(1);
y  = icsignal(1);
IC.Input  = [d];
IC.Output = [e];
IC.Equation{1} = equate(y,d+P*K2*y);
IC.Equation{2} = equate(e,Wp*y);
CLoop2 = IC.System;
ClosedLoop.InputName = {'d'};
ClosedLoop.OutputName = {'e'};
 
pause % strike a key to continue
clc
%% 
% Pick 10 random samples of the uncertain closed-loop systems
 
clf
Psample1=usample(CLoop1,2);
Psample2=usample(CLoop2,2);
 
impulse(Psample1,':b', Psample2,':r',1)
title('Variability of closed-loop response due to model uncertainty')
legend('K1','K2')
 
pause % strike a key to continue
clc
 
%% Robust Stability Analysis
% Does the closed-loop system remain stable for all values of |k|, |delta| 
% in the ranges specified above? We use |robuststab| to answer this basic
% robustness question: 
 
[stabmarg1,destabunc1,report1,info1] = robuststab(CLoop1);
stabmarg1
 
%%
% The variable |stabmarg| gives upper and lower bounds on the robust
% stability margin, a measure of how much uncertainty on |delta| the
% feedback loop can tolerate before becoming unstable. For example, a
% margin of 0.8 indicates that as little as 80% of the specified
% uncertainty level can lead to instability. Here the margin is 1.06,
% which means that the closed loop will remain stable for up to 106% 
% of the specified uncertainty. The stability margin is 
% quite narrow in this example. The |report| function summarizes 
% these results:   
 
report1
 
pause % strike a key to continue
clc
% Repeat that for the second controller K2, and compare the stability
% margins
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[stabmarg2,destabunc2,report2,info2] = robuststab(CLoop2);
 
stabmarg2
report2
 
pause % strike a key to continue
clc
 
%% Robust Stability Analysis: Connection with Mu Analysis
% The structured singular value, or mu, is the mathematical tool used 
% by |robuststab| to compute the robust stability margin. If you are 
% comfortable with structured singular value analysis, you can use 
% the |mussv| function directly to compute mu as a function of frequency
% and reproduce the results above. The function |mussv| is the underlying
% engine for all robustness analysis commands. 
%
% To use |mussv|, we first extract the |(M,Delta)| decomposition of the 
% uncertain closed-loop model |ClosedLoop|, where |Delta| is a 
% block-diagonal matrix of (normalized) uncertain elements.
% The 3rd output argument of |lftdata|, |BlkStruct|, describes the block-diagonal
% structure of |Delta| and can be used directly by |mussv|
 
[M1,Delta1,BlkStruct1] = lftdata(CLoop1);
[M2,Delta2,BlkStruct2] = lftdata(CLoop2);
 
%%
% For a robust stability analysis, only the channels of |M| associated
% with the uncertainty channels are used. Based on the row/column size of
% |Delta|, select the proper columns and rows of |M|. Remember that the
% rows of |Delta| correspond to the columns of |M|, and vice versa.
% Consequently, the column dimension of |Delta| is used to specify the rows
% of |M|:    
 
M11 = M1(1,1);
N11 = M2(1,1);
 
 
pause % strike a key to continue
clc
 
%%
% Mu-analysis is performed on a finite grid of frequencies. For comparison
% purposes, evaluate the frequency response of |M11| over the same
% frequency grid as used for the |robuststab| analysis.
 
omega1 = info1.Frequency;
omega2 = info2.Frequency;
M11_g = frd(M11,omega1);
N11_g = frd(N11,omega2);
 
%%
% Compute |mu(M11)| at these frequencies and plot the resulting lower and
% upper bounds: 
 
mubnds1 = mussv(M11_g,BlkStruct1,'s');
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mubnds2 = mussv(N11_g,BlkStruct2,'s');
 
semilogx(mubnds1,'b', mubnds2,'r', info1.MussvBnds,':y')
 
xlabel('Frequency (rad/sec)');
ylabel('Mu upper/lower bounds');
title('Mu plot of robust stability margins of two controllers');
 
 
%%
% The robust stability margin is the reciprocal of the structured singular
% value. Therefore upper bounds from |mussv| become lower bounds
% on the stability margin. 
 
pause % strike a key to continue
clc
 
%% Robust Performance Analysis
% The input/output gain of a nominally-stable uncertain system model will
% generally degrade for specific values of its uncertain elements.
% Moreover, the maximum possible degradation increases as the uncertain 
% elements are allowed to further deviate from their nominal values.
% 
% The simplest route to analyzing the robust performance margin of
% the closed-loop system is direct use of the |robustperf| command.
 
[perfmarg1,perfmargunc1,rep1,inf1] = robustperf(CLoop1);
[perfmarg2,perfmargunc2,rep2,inf2] = robustperf(CLoop2);
%%
% The |perfmarg| variable has upper and lower bounds on the performance
% margin.
perfmarg1
 
%%
% The |report| variable summarizes the robust performance analysis.
disp(rep1)
 
pause % strike a key to continue
clc
 
% Repeat the report for the second controller
 
perfmarg2
disp(rep2)
 
%%
% Finally, we plot the bounds from |mussv|, which is the
% underlying engine for the robustness analysis.  The peak value is the
% reciprocal of the performance margin, and the frequency at which the
% peak occurs is the critical frequency.
 
semilogx(inf1.MussvBnds,'b',inf2.MussvBnds,'r')
xlabel('Frequency (rad/sec)');
ylabel('Mu upper/lower bounds');
title('Robust Performance Mu Plot');
%
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%   This concludes this example 
%   For study the connection of the above robust performance analysis 
%   with Mu Analysis study the Matlab mu_demo od Robust Control Toolbox.
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 % Copyright Dr. Hamid D. Taghirad  2005
 
clear all
clc
 echo on
% This constructs the aircraft model for the SSLAFCS
% example. the SYSTEM matrix produced has
%
%  ACNOM:  4 states, 7 outputs, 6 inputs
%
%    OUTPUTS:                         INPUTS:
%   1) pert1o                        1) pert1i
%   2) pert2o                        2) pert2i
%   3) pert3o                        3) pert3i
%   4) p (roll rate (rad/s))     4) theta_el  (elevon angular def (rad))
%   5) r (yaw rate(rad/s))       5) theta_rud (rudder angular def (rad))
%   6) ny (normal accel (ft/s^2))    6) gust disturbance (ft/s)
%   7) phi (bank angle (rad))
%
 
echo off
clear all
 
a = [-0.0946   0.141    -0.99   0.0364;
      -3.59   -0.428    0.281     0;
      0.395  -0.0126   -0.0814    0;
       0        1       -0.141    0 ];
%
b = [-0.0124   0.0102   -0.000000109 ;
      6.57     1.26     -0.00000413 ;
      0.378    -0.256    0.000000453;
        0         0          0 ];
%
c = [ 0  1 0 0; 0 0 1 0; -68 -1.74 -4.06 -3.72e-5; 0 0 0 1];
%
 
bp = [ 0.0128     0       0;
         0     -0.0311   -3.12 ;
         0      -0.19    -0.0644;
         0        0        0];
%
cp = [ 1 0 0 0 ; 0 0 0 0 ; 0 0 0 0];
d12 = [ 0 0 0.00000115 ; 1 0 0 ; 0 1 0];
dp = zeros(3,3);
d21 = [zeros(2,3) ; 11.1 -11.1 -11.1 ; 0 0 0 ];
d22 = [zeros(2,3) ; 26.7 -2.95 -0.0000781; 0 0 0];
 
acnom = ss(a,[bp b],[cp ; c],[dp d12;d21 d22]);
clear cp d12 d21 d22 bp c b a
 
echo on
%-------------------------- mk_act --------------------%
%
%  This makes up the 2 actuator models as specified in
%    the handout.  The actuator models each have 1 input
%    and 3 outputs.  They are listed below:
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%
%
%    ACTRUD:  4 states, 3 outputs, 1 input
%        OUTPUTS:             INPUTS:
%           1) position     1) rudder_cmd
%           2) rate
%           3) acceleration
%
%    ACTELE:  4 states, 3 outputs, 1 input
%        OUTPUTS:             INPUTS:
%           1) position         1) elevon_cmd
%           2) rate
%           3) acceleration
 
echo off
s=zpk('s'); % Laplace variable s
wrud = 21.0;
zetarud = 0.75;
wele = 14.0;
zetaele = 0.72;
 
wdel = 173.0;
zetadel = 0.866;
delaytf =(s^2-2*zetadel*wdel*s+wdel^2)/(s^2+2*zetadel*wdel*s+wdel^2);
 
int1 = 1/s;
int2 = 1/s;
c1 = wrud^2;
c2 = wrud^2;
c3 = 2*zetarud*wrud;
systemnames = 'c1 c2 c3 int1 int2';
inputvar = '[u]';
outputvar = '[int2;int1;c1-c2-c3]';
input_to_c1 = '[u]';
input_to_c2 = '[int2]';
input_to_c3 = '[int1]';
input_to_int1 = '[c1-c2-c3]';
input_to_int2 = '[int1]';
sysoutname = 'rudder';
cleanupsysic = 'yes';
sysic
actrud = rudder*delaytf;
 
c1 = wele^2;
c2 = wele^2;
c3 = 2*zetaele*wele;
systemnames = 'c1 c2 c3 int1 int2';
inputvar = '[u]';
outputvar = '[int2;int1;c1-c2-c3]';
input_to_c1 = '[u]';
input_to_c2 = '[int2]';
input_to_c3 = '[int1]';
input_to_int1 = '[c1-c2-c3]';
input_to_int2 = '[int1]';
sysoutname = 'elevon';
cleanupsysic = 'yes';
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sysic
actele = elevon*delaytf;
 
echo on
%
%   This makes up the weighting functions
 
echo off
 
% EXOGENOUS SIGNALS
%
%   WIND
    wgust = 30*(.5*s+1)/(s+1);
 
%   SENSOR NOISE 
    wr = 3e-4*(100*s+1)/(2*s+1);            % rads/sec
    wp = wr;                                % rads/sec
    wphi = 7e-4*(100*s+1)/(.5*s+1);         % rads
    wny = 0.25*(20*s+1)/(.1*s+1);      % ft/sec/sec
    wnoise = append(wp,wr,wny,wphi);
 
%   PILOT COMMAND
    wphicmd = 0.5*(0.5*s+1)/(2*s+1);
 
%  ERROR WEIGHTING
%   ACTUATOR WEIGHTINGS
    wact = diag([4 1 .005 2 .2 .009]);
 
% IDEAL PHI_COMMAND RESPONSE MODEL
   wmod = 1.2;
   zmod = .7;
   idmod = wmod^2/(s^2+2*zmod*wmod*s+wmod^2);
 
%   PERFORMANCE VARIABLES
    nyerr = 0.8*(s+1)/(10*s+1);
    cterr = 500*(s+1)/(100*s+1);
    baerr = 250*(s+1)/(100*s+1);
    fix = [0 0 1 0 0;0 1 0 -0.037 0;0 0 0 1 -1];
    wperf = append(nyerr,cterr,baerr);
    wperf=wperf*fix;
 
% PERTURBATION WEIGHTS
    wr = [1 0 0;1 0 0;1 0 0;0 1 0;0 1 0;0 1 0;0 0 1;0 0 1;0 0 1];
    wll = diag([2.194 -1.517 -.718]);
    wlm = diag([-1.327 1.347 .5185]);
    wlr = diag([-.3656 .8667 .2347]);
    wl = [wll wlm wlr];
 
 
echo on
%
% SYSIC program to form interconnection
 
echo off
systemnames = 'acnom wr wl wnoise wact wgust wphicmd wperf idmod';
 systemnames = [systemnames ' actele actrud'];
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 inputvar = '[pertin{9} ; noise{4} ; gust ; comd ; elec ; rudc]';
 outputvar = '[wr; wperf; wact ; wphicmd; acnom(4:7) + wnoise]';
 input_to_acnom = '[wl ; actele(1) ; actrud(1) ; wgust ]';
 input_to_wl = '[pertin]';
 input_to_wr = '[acnom(1:3)]';
 input_to_wnoise = '[noise]';
 input_to_wact = '[actele ; actrud]';
 input_to_wgust = '[gust]';
 input_to_wphicmd = '[comd]';
 input_to_wperf = '[acnom(4:7) ; idmod]';
 input_to_idmod = '[wphicmd]';
 input_to_actele = '[elec]';
 input_to_actrud = '[rudc]';
 cleanupsysic = 'yes';
 sysoutname = 'olic';
 sysic
 
clear c1 c2 c3 actrud rudder delaytf int1 int2 zetadel wdel zetaele wele
clear wgust wr wp wphi wny wnoise wphicmd wact wmod zmod idmod nyerr
clear cterr baerr fix wpert wr wll wlm wlr wl zetarud wrud acnom actele
 
echo on
pause % Strike a key to continue
clc
 
%
%   Design of H-infinity controller: 
%      mixed sensitivity of(Nominal Performance & Actuator Effort)
%
 
echo off
 
olic_h =olic(10:23,10:17);
k_h = hinfsyn(olic_h,5,2,'Display','on');
 
echo on
pause % Strike a key to continue
clc
 
%
%   Design H2/Hinf controller: 
%
% [K,CL,NORMZ,INFO] = H2HINFSYN(P,NMEAS,NCON,NZ2,WZ,key1,value1,...)
%
% Here the actuator effort vector has 6 components nmeas=5 & ncont=2
% We are optimizing the infinity norm while keeping h2 norm bounded
 
nmeas=5;
ncon =2;
nz2  =6;
h2max=10;
alpha=1;
beta =0;
wz=[alpha beta];    % alpha = 1; beta = 0  cost:= alpha* inf_norm + beta* 2-norm
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[k_mix,g_x,normz_x,info_x]=h2hinfsyn(ss(olic_h),nmeas,ncon,nz2,wz,...
                    'Display','off','h2max',h2max,'hinfmax',inf);
 
                
pause % Strike a key to continue
clc
 
%
%   load the mu controller and another trade off controller
%
 
load shutcont;
k_mu=mat2lti(k_mu);
k_x=ss(k_mix);
 
echo on
%
%   Plotting Sample Sigma plots for closed loop systems
%
 
echo off
 
omega   = logspace(-2,3,50);
 
clp_h   = lft(olic,k_h,2,5);
clp_x   = lft(olic,k_x,2,5);
clp_mu  = lft(olic,k_mu,2,5);
 
np_hg  = clp_h(10:18,10:15);
np_xg  = clp_x(10:18,10:15);
np_mug = clp_mu(10:18,10:15);
 
sigma(np_hg(1,1),'-', np_xg(1,1),'r--', np_mug(1,1),'g-.');
grid; title('Nominal Performancs: All three controllers')
legend('hinf','h2/hinf','Mu')
 
echo on
% Strike a key to continue 
 
pause 
%
%   Analysing the robust stability
%
echo off
 
%   First generate uncertain models
 
del1=ucomplex('del1',0);
del2=ucomplex('del2',0);
del3=ucomplex('del3',0);
del4=ucomplex('del4',0);
del5=ucomplex('del5',0);
del6=ucomplex('del6',0);
del7=ucomplex('del7',0);
del8=ucomplex('del8',0);
del9=ucomplex('del9',0);
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delta=blkdiag(del1,del2,del3,del4,del5,del6,del7,del8,del9);
clear del1 del2 del3 del4 del5 del6 del7 del8 del9 
 
echo on
%
%   Use lft to combine uncertainty to the closed loop model
%
echo off
pclp_h   = lft(delta,clp_h);
pclp_x   = lft(delta,clp_x);
pclp_mu  = lft(delta,clp_mu);
echo on
%
%   Use robuststab to analyse robust stability
%
 
[stm1,stmu1,rep1,inf1] = robuststab(pclp_h);
%
% The robust stability analysis report of hinfinity controller
%
rep1
[stm2,stmu2,rep2,inf2] = robuststab(pclp_x);
%
% The robust stability analysis report of h2/hinf controller
%
rep2
%
%   Warning: This task will take a few minutes to accomplish ...
%
[stm3,stmu3,rep3,inf3] = robuststab(pclp_mu);
%
% The robust stability analysis report of mu-synthesis controller
%
rep3
echo off
semilogx(inf1.MussvBnds(:,1),'b',inf2.MussvBnds(:,1),':r',...
    inf3.MussvBnds(:,1),'-.g')
xlabel('Frequency (rad/sec)');
ylabel('Mu upper/lower bounds');
title('Robust Stability Mu Plot');
legend('hinf','h2/hinf','Mu')
echo on
%
%   This completes this example
%
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 % Copyright Dr. Hamid D. Taghirad  2005
 
clear all
clc
 echo on
%
% This program is genreated to illustrate h-infinity controller 
% design and d-k iteration used for highly manuverable aircraft HiMAT
%
%% Model of NASA's HiMAT aircraft
% For illustration purposes, let's use a four-state model of the 
% longitudinal dynamics of the HiMAT aircraft.
%
% This model has two control inputs:
%
% * Elevon deflection
% * Canard deflection
%
% It also has two measured outputs:
%
% * Angle of attack alpha
% * Pitch angle theta
%
 
echo off
ag =[
   -0.0226  -36.6000  -18.9000  -32.1000
         0   -1.9000    0.9830         0
    0.0123  -11.7000   -2.6300         0
         0         0    1.0000         0 ];
bg = [ 0         0
   -0.4140         0
  -77.8000   22.4000
         0         0];
cg = [0   57.3000         0         0
         0         0         0   57.3000];
dg = [0     0;
      0     0];
G=ss(ag,bg,cg,dg);
G.InputName = {'elevon','canard'};
G.OutputName = {'alpha','theta'};
 
clf
step(G), title('Open-loop step response of HIMAT aircraft')
 
echo on
pause % press a key to continue
clc
 
 
% Creating an interconnection for plant model and
% specifying performance weighting function. 
 
s=zpk('s'); % Laplace variable s
WDEL1 = 50*(s+100)/(s+1e4);
WP1   = 0.5*(s+3)/(s+0.03);
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WDEL = append(WDEL1,WDEL1);
WP   = [WP1 0;0 WP1];
 
echo off
systemnames = 'G WDEL WP';
inputvar = '[pert(2); dist(2); control(2)]';
outputvar = '[ WDEL ; WP; G + dist ]';
input_to_G = '[ control + pert ]';
input_to_WDEL = '[ control ]';
input_to_WP = '[ G + dist ]';
sysoutname = 'himat_ic';
cleanupsysic = 'yes';
sysic
 
echo on
pause % press a key to continue
clc
 
%
% The next step is to design an H-infinity control law for PLANT
%
% In this example, the system interconnection structure is 
%  himat_ic,  with 2 measurements, 2 controls.
 
[k1,clp1,gamma1,info1]=hinfsyn(himat_ic,2,2,'Display','on');
 
echo on
pause % press a key to continue
clc
%
% The closed loop system is neither robust stable nor robustly 
% performed. This can be visualized using robuststab and robustperf
% functions as in previous example. We like to use mu-synthesis to design a
% controller which is robust in performance.
%
% First generate the uncertain system structure.
 
delta = ultidyn('delta',[2 2]);
himat_pert=lft(delta,himat_ic);
clpm1=lft(himat_pert,k1);
 
% Next, we perform a mu-synthesis to see if the specs can be met 
% robustly when taking into account the modeling errors (uncertainty
% "delta"). We use the command "dksyn" to perform the synthesis and set 
% the frequency grid used for mu-analysis and the number of D-K 
% iterations with "dkitopts".
 
fmu = logspace(-2,4,60);
opt = dkitopt('FrequencyVector',fmu,'NumberofAutoIterations',5,...
    'DisplayWhileAutoIter','on');
[kmu,clpmu,bnd,dkinfo] = dksyn(himat_pert,2,2,opt);
 
%   
%   The order of controller is high, use a balance realization
%   and a truncation to make it small.
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[kmu13,info_kmu13] = reduce(kmu,13);
clpmu13=lft(himat_pert,kmu13);
 
%
%   Analyse the robust performance
%
 
[perfmarg1,perfmargunc1,rep1,inf1] = robustperf(clpm1);
[perfmarg2,perfmargunc2,rep2,inf2] = robustperf(clpmu);
[perfmarg3,perfmargunc3,rep3,inf3] = robustperf(clpmu13);
 
semilogx(inf1.MussvBnds(:,1),'b',inf2.MussvBnds(:,1),':r',...
    inf3.MussvBnds(:,1),'--g')
xlabel('Frequency (rad/sec)');
ylabel('Mu upper/lower bounds');
title('Robust Performance Mu Plot');
legend('hinf', 'mu' , 'mu reduced')
 
pause % press a key to continue
clc
%
% For the final case compare the time response of three controllers
% with model uncertainty. Only disturbace rejection in channel 2 is
% displayed in this simulations.
 
P1   = usample(clpm1,5);    % 5 random samples of the plant
P2   = usample(clpmu,5);    % 5 random samples of the plant
P3   = usample(clpmu13,5);  % 5 random samples of the plant
 
subplot(311)
impulse(P1(2,2),0.1)
xlabel('')
legend('hinf')
subplot(312)
impulse(P2(2,2),':r',0.1)
xlabel('')
legend('mu synthesis')
subplot(313)
impulse(P3(2,2),'--g',0.1)
legend('mu reduced')
                                   
%
%   This concludes this example 
%   
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