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function [SysZ,SysW,CompZ,CompW] = DiscreteCAD(Plant,Sensor,Comp,Z) 

%Function for calculating discrete-time MIMO systems 

global Ts Z_W % Z_W = 1 - z-transform, else (Z-W = 0) w-transform  

N = size(Plant,1); 

Sys = minreal(Plant*Sensor); 

SysZ = zpk(zeros(N)); SysW = []; CompW = []; 

if Z 

    SysZ = Sys; 

    CompZ = Comp; 

end 

 SysCont = zpk(zeros(N)); 

 for i = 1:N 

    for l = 1:N 

               if ~Z 

            SysZ(i,l) = c2d(Sys(i,l),Ts); 

        else 

             SysZ(i,l) = Sys(i,l); 

        end 

        [z,p,k] = zpkdata(SysZ(i,l),'v'); 

        SysCont(i,l) = zpk(z,p,k); 

    end 

end 

if ~Z 

    CompZ = c2d(Comp,Ts); 

end 

[z,p,k] = zpkdata(CompZ,'v'); 

CompCont = zpk(z,p,k); 

  

if ~Z_W 

    for i = 1:N 

        for l = 1:N 

            [z,p,k] = zpkdata(SysZ(i,l),'v'); 

            [wz,wp,kWpure] = Disc_z2w(z,p,k,Ts/2); 

            SysCont(i,l) = zpk(wz,wp,kWpure); 

        end 

    end 

    SysW = SysCont; 

    [z,p,k] = zpkdata(CompZ,'v'); 
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    [wz,wp,kWpure] = Disc_z2w(z,p,k,Ts/2); 

    CompCont = zpk(wz,wp,kWpure); 

end 

% SysCont = balreal(SysCont); 

ControlSysCAD_Discrete(1,SysCont,zpk(eye(N)),CompCont) 

end 

 function [wz,wp,kWpure] = Disc_z2w(z,p,k,T2)  % T2 = T/2,  

% Transform from Z-plane to W-plane (modified and simple (if T2 = 1) bilinear transform) 

[NumW,DenW,AA] = deal(1); 

m = length(z); 

n = length(p); 

[wz, wp] = deal(zeros(1,n)); 

wz(1:m) = -(1 - z)./((1 + z).*T2); 

wz(m+1:n) = 1/T2;  % positive zeros at 2/T  

wp = -(1 - p)./((1 + p).*T2); 

kWpure = k*((-1)^(n-m))*prod(1 + z)/prod(1 + p);  % for W = kWpure*prod(w - zw)/prod(w - pw)  

end 

function 

[indA,WSysMat,LmSysMat,WComp,LmComp,WSys,LmSys,Fei,Foi,NormmaxEr,NormmaxOut,NormminE

r, NormminOut,FsepEr,FsepOut,Normal,QAuxMat,condNum] = 

GeneralSysFreqChar(handles,N,Switch,FreqBase,Angle,Shift,NumSysMat,DenSysMat,NumComp,DenCom

p,TimeDelaySysMat,TimeDelayComp,Imp,WSysMatTest) 

% Function for evaluating all frequency characteristics 

global Ts Z_W 

[Normal,FeedbackSign,dAng] = deal(0,handles.FeedbackSign,handles.dAngFr); 

nFr = length(FreqBase); 

if ~Z_W 

    sw = Shift + FreqBase.*exp(1i*Angle); 

else 

    sw = exp(1i*Ts*FreqBase);% 

end  

NumCompFr = polLoc(NumComp,sw); 

DenCompFr = polLoc(DenComp,sw); 
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WComp = (NumCompFr./DenCompFr).*exp(-TimeDelayComp.*sw); 

LmComp = 20*log10(abs(WComp)); 

if Switch && nFr >= 3  

    argWComp = (180/pi)*unwrapLoc(angle(WComp)); 

end 

QAuxMat = cell(1,nFr); % without Comp 

[WSysMat,LmSysMat,WSys,LmSys,Fei,Foi] = deal(zeros(N,nFr));  

[FsepEr,FsepOut] = deal(cell(N)); 

[FsepEr{:}] = deal(zeros(1,nFr)); 

[FsepOut{:}] = deal(zeros(1,nFr)); 

[condNum,NormmaxEr,NormmaxOut,NormminEr,NormminOut] = deal(zeros(1,nFr)); 

if N == 1 % if we treat SISO system as a General Type MIMO system ! 

    NumSysMatFr = polLoc(NumSysMat,sw); 

    DenSysMatFr = polLoc(DenSysMat,sw); 

    WSysMat = -FeedbackSign*(NumSysMatFr./DenSysMatFr).*exp(-TimeDelaySysMat.*sw); 

    LmSysMat = 20*log10(abs(WSysMat)); 

    WSys = WSysMat.*WComp; 

    LmSys = LmSysMat + LmComp;     

    Fei = 1./(1 + WSys); 

    Foi = 1 - Fei; 

    NormmaxEr = abs(Fei); 

    NormminEr = NormmaxEr; 

    NormmaxOut = abs(Foi); 

    NormminOut = NormmaxOut;     

else 

    if nFr > 50 

        hwait = waitbar(0,'Frequency-Domain Calculations (General Type MIMO System). Please wait ...'); 

    end 

    for in = 1:nFr 

        if nFr > 50 
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            waitbar(in/nFr)  

        end 

        [QAuxMat{in},QAuxSys,condNum(in),WSysMat(:,in)] = CalculateQAux(N,NumSysMat,... 

            DenSysMat,TimeDelaySysMat,FeedbackSign,WComp(in),sw(in));             

        if Switch && Imp && in == 1 && ~isempty(WSysMatTest) % if Shift ~= 0 & Angle ~= 0 

            WSysMat(:,in) = CADmatchlsq(WSysMatTest,WSysMat(:,in),i); 

        elseif Switch && Imp && in > 1 

            WSysMat(:,in) = CADmatchlsq(WSysMat(:,in-1),WSysMat(:,in),i); 

         elseif ~Switch % for inserted values 

            WSysMat(:,in) = CADmatchlsq(WSysMatTest(:,in),WSysMat(:,in),i); 

        end               

        WSys(:,in) = WComp(in)*WSysMat(:,in); 

        LmSysMat(:,in) = 20*log10(abs(WSysMat(:,in)));   

        LmSys(:,in) = 20*log10(abs(WSys(:,in)));  

        Fei(:,in) = 1./(1 + WSys(:,in)); 

        Foi(:,in) = 1 - Fei(:,in); 

        FsepErA = inv(eye(N) + QAuxSys); 

        FsepOutA = eye(N) - FsepErA;    

        if handles.FreqModeClosedLoop 

            for r = 1:N 

                for m = 1:N 

                    FsepEr{r,m}(in) = FsepErA(r,m); 

                    FsepOut{r,m}(in) = FsepOutA(r,m); 

                end 

            end     

        end  

        if abs(1 - condNum(in)) < eps % if normal  

            NormmaxEr(in) = max(abs(Fei(:,in))); 

            NormminEr(in) = min(abs(Fei(:,in))); 

            NormmaxOut(in) = max(abs(Foi(:,in))); 
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            NormminOut(in) = min(abs(Foi(:,in)));    

        else 

            [NormminEr(in),NormmaxEr(in),NormminOut(in),NormmaxOut(in)] = ... 

                SVDCalcul(QAuxSys,N); 

        end 

    end     

end 

if all(abs(1 - condNum) < 1e6*eps) 

    Normal = 1; 

end 

argWSysMat = unwrapLoc(angle(WSysMat)); 

argWSys = unwrapLoc(angle(WSys));  

function [QAux,QAuxSys,condNum,WSysMat] = CalculateQAux(N,NumSysMat,DenSysMat,... 

    TimeDelaySysMat,FeedbackSign,WComp,swi) 

% Finding system matrix for given ferquency  

QAux = CADFindWSysOpen(N,NumSysMat,DenSysMat,TimeDelaySysMat,FeedbackSign,swi); 

QAuxSys = WComp*QAux; 

[Cmod,GainLMat] = eig(QAux); 

WSysMat = diag(GainLMat);          

condNum = cond(Cmod);         

 


