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A.1:  f_zp_inv.m

function [invSS, D] = f_zp_inv (SS)
%F_ZP_INV Zero-phase inversion.
%
%   [invSS, D]=F_ZP_INV(SS) returns zero phase inversion (times z^D
%   to make causal) invSS of discrete time system SS and sample steps D.
%   When invoked without left arguments, F_ZP_INV(SS) plots the bode
%   plots of SS*invSS and z^(-D). The phase of the two should overlap and
%   magnitude of z^(-D) is unit one and that of SS*invSS should be low
%   pass.
%
%   Assume SS is strictly stable.
%
%           K*Bc(1/z)*Buc(1/z)
%   SS = ------------------------  where Buc(1/z) contains uncancellable zeros,
%               A(1/z)                 Bc(1/z) contains cancellable zeros.
%
%             A(1/z)*Buc(z)                          Buc(1/z)*Buc(z)
%   invSS = ------------------    so that invSS*SS = ---------------
%           K*Buc(1)^2*Bc(1/z)                         Buc(1)^2
%
%   Effects of Bc(z) as a numerator component:
%   Buc(1/z) = (z-Zuc) => Buc(z) = (1/z-Zuc) = (1-Zuc*z)/z = -Zuc(z-1/Zuc)/z
%   Buc(1)^2 = (1-Zuc)^2
%   Introduced zero: 1/Zuc  Introduced pole: 0  Introduced gain: -Ze/(1-Zuc)^2
%
%   See also SC_DOB.

% erorr handling
if nargin == 0
   help f_tf2nd
   return
end

% --- get Zeros, Poles, Gain matrix and Sampling time.
[Z P k Ts] = zpkdata(SS);
z = Z{1};
p = P{1};

% --- find Uncancellable zeros index
I_uc = find (abs(z) > 0.99999999);

% --- find Uncancellable zeros index
I_c = find (abs(z) <= 0.99999999);

% Initial zeros, poles and gain of invSS
z_inv = p;
p_inv = z(I_c);
k_inv = 1/k;

%
if ~isempty(I_uc)
   for idx = 1:length(I_uc)

% Effects of Bc(z) as a numerator component:
% Buc(1/z) = (z-Zuc) => Buc(z) = (1/z-Zuc) = (1-Zuc*z)/z = -Zuc(z-

1/Zuc)/z
% Buc(1)^2 = (1-Zuc)^2

      Zuc = z(I_uc(idx));
      % Introduced gain: -Ze/(1-Zuc)^2



k_inv = k_inv*(-Zuc)/(1-Zuc)^2;
      % Introduced zero: 1/Zuc

z_inv = [z_inv; 1/Zuc];
      % Introduced pole: 0

% But find zeros in z_inv first:
      I_z = find(z_inv==0);
      if ~isempty(I_z)
         % remove the first zero to cancel the introduced zero pole
         z_inv(I_z(1))=[];
      else
         p_inv = [p_inv; 0];
      end
   end
end

% return zero phase inversion
invSS_true = zpk (z_inv, p_inv, k_inv, Ts);

% steps d
d = length(z_inv) - length(p_inv);

% zero phase inversion with delay D to make it causal
invss = zpk(z_inv, [p_inv; 0*ones(d,1)], k_inv, Ts);

if nargout == 0
   % one sample delay
   d1 = ss(tf(1, [1 0], SS.Ts));
   bode (ss(invss)*SS, d1^d);
else
   D = d;
   invSS = invss;
end

% end of f_zp_inv.m



A.2:  fsig2rro.m

function [decoupled_sig, sig_matrix] = fsig2rro (sig, n_sectors)
%FSIG2RRO  Decouple signals into repetitive and non-repetitive portions
%
%   [DS, SM] = FSIG2RRO (SIG, NS) retuens decoupled signals DS and
%   signal matrix SM. The first column of DS is its repetitive components
%   of original signal SIG to be decoupled; the second column is its
%   non-reperitive components. (complete revolutons)x(sectors) signal
%   matrix SM is the  matrix representation of SIG. e.g. sig_matrix (2,14)
%   contains signal at the Rev 2, and Sector 14. (All index start from 1)
%   NS is the number of sectors per track.
%
%   Example:
%     % Load PES data.
%     load ('J:\Transfer\lyi\pes_data\e400nzvd\t1h2id00', 'PE');
%     % Millennium drive spec.
%     S = m_mill;
%     % Decouple NRRO and RRO in micro-inch.
%     fsig2rro(PE/1024/S.TPI*1e6, S.Sector);
%
%   See also SPSNOISE.

% Log:
%
% 99-07-01 Li Yi, creation, from Lin Guo's M files.

% error handling
if nargin ~=2
   help fsig2rro
   return
end

% check PES format
if min(size (sig)) ~= 1
   disp ('pes data must be in one column');
   return
end

% data length
length_sig = length (sig);

% Get number of complete revolutions of the PES data
n_revs = floor (length_sig/n_sectors);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Save pes to (n_revs)x(n_sectors) matrix (rxs)
%

% loop from 1 to the end of the PES data
for idx=1:length_sig
   % the current rev id (from 1, not 0)
   rev_id = floor (idx/n_sectors) + 1;
   % current sector id (starting from 1 to ns)
   sector_id = rem(idx,n_sectors) + 1;
   % only store the complete revs
   if (rev_id <= n_revs)
      % distribute the signal data to matrix
      rxs(rev_id, sector_id) = sig(idx);
   end
end



% mean of PES at servo sectors
sig_sector_mean = mean (rxs);
% standard deviation of PES at servo sectors
sig_sector_std = std (rxs);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% re-generate Repetitive and non-Repetitive portion of the signal
for idx=1:length_sig
   % the current rev id (from 1, not 0)
   rev_id = floor (idx/n_sectors) + 1;
   % current sector id (starting from 1 to ns)
   sector_id = rem(idx,n_sectors) + 1;
   % save to temp variable ro
   ro(idx, 1) = sig_sector_mean(sector_id);
   ro(idx, 2) = sig(idx) - sig_sector_mean(sector_id);
end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% if there is no left argument, plot time trace of pes
if nargout == 0

clf
   subplot (411)
   plot (rxs');
   grid
   title ('Signals over consecutive periods')
   subplot (412)
   sector_index = 1:1:n_sectors;
   plot (sector_index,sig_sector_mean, '-', ...
      sector_index, sig_sector_mean+sig_sector_std, '--',...
      sector_index, sig_sector_mean-sig_sector_std, '--')
   grid
   title ('Mean and standard deviation of repetitive signals over consecutive
periods')
   subplot (413)
   plot ((rxs-ones(n_revs,1)*mean(rxs))');
   grid
   title ('Non-Repetitive signals over consecutive periods')

   subplot (414)
   plot (sector_index, mean(rxs-ones(n_revs,1)*mean(rxs)), '-', ...
    sector_index, mean(rxs-ones(n_revs,1)*mean(rxs))+std(rxs-
ones(n_revs,1)*mean(rxs)), '--',...
    sector_index, mean(rxs-ones(n_revs,1)*mean(rxs))-std(rxs-
ones(n_revs,1)*mean(rxs)), '--');
   grid
   title ('Mean and standard deviation of non-repetitive signals over
consecutive periods')
   xlabel ('Servo Sectors')
else
   sig_matrix = rxs;
   decoupled_sig = ro;
end

% end of file fsig2rro



A.3:  f_qfilter.m

function [SS, BW] = f_Qfilter (TAU, Ts)
%F_QFILTER Q filter for Disturbance Observer.
%
%   [SS, BW] = F_QFILTER (TAU, TS) returns discrete Q filter for Disturbance
%   Observer and its bandwidth BW. If Ts is omitted, then it returns the
%   continous time domain Q filter. When invoked without left arguement,
%   F_QFILTER plots bode plots of the Q and 1-Q.
%
%   Continous time domain Q filter:
%                        3*TAU*s + 1
%   Q(s) = -------------------------------------
%          (TAU*s)^3 + 3*TAU^2*s^2 + 3*TAU*s + 1
%
%   See also SC_DOB.

% error handling
if nargin < 1
   help f_qfilter
   return
end

% Continous time domain Q filter
Q = tf([3*TAU 1], [TAU^3 3*TAU^2 3*TAU 1]);

% Frequency points Hz
f = logspace (0, 3, 100);
% Frequency points Radian
w = 2*pi*f;

% Obtain magnitude response mQ
if exist('Ts')
   % Discrete time Q filter
   Q = c2d (Q, Ts, 'tustin');

[mQ pQ wQ] = dbode (Q.num, Q.den, Ts, w);
else

% Continous time domain Q filter Bandwidth
mQ = bode (Q, w);

end

% Process mQ to obtain Bandwidth
I = find (mQ <= 0.5);
if ~isempty(I)

f_bw = f(I(1));
bw = num2str(f_bw);

else
bw = '>3K';

end

Qi = 1 - Q;

if nargout >= 1
   % Return outputs
   SS = Q;
   BW = bw;
else
   % Plot Bode
   if exist ('Ts')

   [mQi pQi wQi] = dbode (Qi.num, Qi.den, Ts, w);
      loglog (f, mQ, f, mQi)



      title (['Q filter Tau: ' num2str(TAU) ' Ts: ' num2str(Ts*1e3) ...
            'ms, Bandwidth:' bw 'Hz']);
   else
      bode (Q, 1-Q);
      title (['Q filter Tau: ' num2str(TAU) ' Bandwidth:' bw 'Hz']);
   end
end

% end of f_qfilter.m



A.4:  f_zoh_td.m

function SS_Td = f_zoh_Td (SS, Ts, Td)
%F_ZOH_TD Discrete time system with input delay.
%
%   SS_TD = F_ZOH_TD (SS, TD) returns the discrete time domain
%   SS data SS_TD of the zero order hold (ZOH) model of continous
%   time system SS using sampling time Ts and with a ZOH delay of
%   Td.
%
%   See Page 49 of <<Computer-Controlled Systems>> 2nd edition,
%   by Karl J. Astrom. For linear discrete time with ZOH delay:
%
%   x(k+1) = Ax(k) + B0*u(k) + B1*u(k-1)
%    B0 = integral(0->Ts-Td) {exp(As)*ds*B}
%    B1 = exp(A(Ts-Td))*integral(0->Td) {exp(As)*ds*B}
%
%   See also M_LIGHT

% error handling
if nargin ~= 3
   help f_zoh_td
   return
end

% Get the A, B, C, D of continous time system SS
[A B C D] = ssdata (ss(SS));

% Zoh model for sampling time Ts-Td
[A0 B0 C0 D0] = c2dm(A, B, C, D, Ts-Td, 'zoh');

% Zoh model for sampling time Td
[A1 B1 C1 D1] = c2dm(A, B, C, D, Td, 'zoh');

% Zoh model for sampling time Td
SS_D = c2d (ss(SS), Ts, 'zoh');
[A_D B_D C_D D_D] = ssdata(SS_D);

B1 = expm(A*(Ts-Td))*B1;

ss_td = ss([A_D B1; zeros(1, length(A_D)) 0], [B0; 1], [C_D 0], D_D, Ts);

if nargout == 0
   bode (ss_td, ss(SS));
else
   SS_Td = ss_td;
end

% end of f_zoh_td


