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MDCT / TDAC 

signal compression system



O&S – Sect. 10.3 & 10.4











The ola function can be used to carry out the 

overlap-add reconstruction operation 



O&S

Sect. 10.3 & 10.4



O&S

Sect. 10.3 & 10.4



STFT signal processing system

uses different hop sizes Ra , Rs
for the analysis and synthesis parts, 

performs a modification operation on the 

input STFT, generating an output STFT,

from the ISTFT, it reconstructs the output 

time signal by overlap-add procedure





















simplified DCT

compression system



MDCT / TDAC 

data compression system
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DCT

IDCT





A = @(N) sqrt(2/N) * ... 

[ones(1,N)/sqrt(2); cos(pi*(1:N-1)'*((0:N-1)+1/2)/N)];

DCT

IDCT



FFT-based fast DCT



FFT-based fast DCT





L = 40; t = (0:L-1)/L;    % 

x = sin(10*t.^2) + 2*t;   % length L=40

N = 10;                   % frame length

X = buffer(x,N);          % 10x4 matrix of frames

D = dct(X);               % 10x4 matrix of DCT coefficients

X                                            D

---------------------------------------------------------------------------

0   1.0851   1.5985   0.8883         1.2623   4.9797   2.6349   6.5811

0.0562   1.2362   1.4259   1.2766        -0.9433  -0.7086   1.2451  -1.2616

0.1250   1.3833   1.2163   1.7165         0.1282  -0.3166   0.4891  -1.4116

0.2062   1.5205   0.9861   2.1495   DCT  -0.0959  -0.0124  -0.0916   0.1412

0.2998   1.6408   0.7575   2.5086   ==>   0.0286  -0.0736   0.1147  -0.2160

0.4056   1.7365   0.5577   2.7305        -0.0310  -0.0039  -0.0281   0.0275

0.5231   1.7996   0.4164   2.7699         0.0108  -0.0280   0.0432  -0.0768

0.6515   1.8224   0.3622   2.6134        -0.0125  -0.0016  -0.0111   0.0097

0.7894   1.7986   0.4175   2.2892         0.0041  -0.0106   0.0163  -0.0286

0.9349   1.7241   0.5943   1.8686        -0.0035  -0.0004  -0.0031   0.0026



M = size(D,2);                    % no. of frames

Nr = round(r*N);                  % no. of kept coefficients per frame

[~, Ir] = sort(abs(D),'descend'); % sort column-wise, descending order

Ir = Ir(1:Nr,:);                  % Ir = Nr x M matrix of sorting indices

C = zeros(size(D));               % initialize kept DCT coefficients

for m = 1:M                       % rebuild DCT from the kept coefficients

Dr(:,m) = D(Ir(:,m),m);       % Dr = Nr x M matrix, sorted coefficients

C(Ir(:,m),m) = Dr(:,m);       % C = new DCT coefficients

end



X                                            D

---------------------------------------------------------------------------

0   1.0851   1.5985   0.8883         1.2623   4.9797   2.6349   6.5811

0.0562   1.2362   1.4259   1.2766        -0.9433  -0.7086   1.2451  -1.2616

0.1250   1.3833   1.2163   1.7165         0.1282  -0.3166   0.4891  -1.4116

0.2062   1.5205   0.9861   2.1495   DCT  -0.0959  -0.0124  -0.0916   0.1412

0.2998   1.6408   0.7575   2.5086   ==>   0.0286  -0.0736   0.1147  -0.2160

0.4056   1.7365   0.5577   2.7305        -0.0310  -0.0039  -0.0281   0.0275

0.5231   1.7996   0.4164   2.7699         0.0108  -0.0280   0.0432  -0.0768

0.6515   1.8224   0.3622   2.6134        -0.0125  -0.0016  -0.0111   0.0097

0.7894   1.7986   0.4175   2.2892         0.0041  -0.0106   0.0163  -0.0286

0.9349   1.7241   0.5943   1.8686        -0.0035  -0.0004  -0.0031   0.0026

Ir |                   Dr

------------|--------------------------------------

1  1  1  1  |  1.2623    4.9797    2.6349    6.5811

2  2  2  3  | -0.9433   -0.7086    1.2451   -1.4116

3  3  3  2  |  0.1282   -0.3166    0.4891   -1.2616

4  5  5  5  | -0.0959   -0.0736    0.1147   -0.2160



Dthr = r_thr * max(max(abs(D)));   % DCT threshold

I = find(abs(D) < Dthr);           % indices of DCT coeffs to be zeroed

C = D;                             % initialize with C = D

C(I) = 0;                          % discard coefficients below Dthr

ra = 1-length(I)/(N*M);            % realized compression factor

% ra = length(find(C)) / prod(size(C));   % alternative calculation



method-1            C              | method-2           C

------------------------------------|-----------------------------------

1.2623   4.9797   2.6349   6.5811  |  1.2623   4.9797   2.6349   6.5811

-0.9433  -0.7086   1.2451  -1.2616  | -0.9433  -0.7086   1.2451  -1.2616

0.1282  -0.3166   0.4891  -1.4116  |  0.1282  -0.3166   0.4891  -1.4116

-0.0959        0        0        0  | -0.0959        0        0   0.1412

0  -0.0736   0.1147  -0.2160  |       0        0   0.1147  -0.2160

0        0        0        0  |       0        0        0        0

0        0        0        0  |       0        0        0        0

0        0        0        0  |       0        0        0        0

0        0        0        0  |       0        0        0        0

0        0        0        0  |       0        0        0        0



Y = idct(C);    % IDCT of all frames

y = Y(:);       % concatenate frames

y = y(1:L);     % make x,y lengths equal (in case buffer had extended X)

plot(t,x,'r-', t,y,'b.');      % plot original and compressed signals



X = imread('cameraman.tif');        % read image, 256x256 matrix

D = dct2(X);                        % compute its 2D-DCT     

Dmax = max(max(abs(D)));            % Dmax = 30393.4687

Dth = 10;                           % select a threshold 

rth = Dth/Dmax;                     % with threshold factor, 

% rth = 3.2902e-04

C = D;                

C(abs(D )< Dth) = 0;                % compressed DCT

ra = length(find(C))/prod(size(C))  % actual compression ratio,  

% ra = 26617/65536 = 0.4061

Y = idct2(C);                       % inverse 2D-DCT

figure; imshowpair(X,Y,'montage')   % display images side by side





Summary – Simplified DCT compression system

[y,ra] = dctcompr(x,N,r,method);

% x = signal to be compressed

% N = frame length

% r = compression ratio or threshold factor (r<1)

% method = 1,2, compression method, default is 1

%

% y = compressed signal, same length as x

% ra = actual compression ratio achieved



To clarify the overall sequence of computational steps, we list below the 

explicit steps for methods 1 & 2 for the previous example



L = 40; 

t = (0:L-1)/L;

x = sin(10*t.^2) + 2*t;      % sampled signal

N=10; r=0.4;                 % pick N and r - method 1

X = buffer(x,N);             % NxM matrix of frames

D = dct(X);                  % DCT of each column of X

M = size(D,2);               % here, M=4

Nr = round(r*N);             % number of kept coefficients per frame

ra = Nr/N;                   % actual compression ratio

[~, Ir] = sort(abs(D), 'descend');   % sort D in descending order

Ir = Ir(1:Nr,:);                     % keep Nr coefficients per frame

C = zeros(size(D));          % kept DCT coefficients

for m = 1:M                  % rebuild DCT from the kept coefficients

Dr(:,m) = D(Ir(:,m),m);  % Nr x M matrix of sorted coefficients

C(Ir(:,m),m) = Dr(:,m);  % C = new DCT coefficients

end

Y = idct(C);    % invert compressed DCT

y = Y(:);       % concatenate columns

y = y(1:L);     % compressed signal

method 1



L = 40; 

t = (0:L-1)/L;

x = sin(10*t.^2) + 2*t;      % sampled signal

N=10; r=0.014;               % pick N and r - method 2

X = buffer(x,N);             % NxM matrix of frames

D = dct(X);                  % DCT of each column of X

M = size(D,2);               % here, M=4

Dthr = r * max(max(abs(D)));      % DCT threshold

I = find(abs(D) < Dthr);          % indices of DCT coeffs to be zeroed

C = D;                            % initialize with C = D

C(I) = 0;                         % discard coefficients below Dthr

ra = length(find(C)) / prod(size(C));   % realized compression factor

Y = idct(C);    % invert compressed DCT

y = Y(:);       % concatenate columns

y = y(1:L);     % compressed signal

method 2



MDCT / TDAC 

data compression system



MDCT / TDAC 

data compression system













these matrix forms may be 

used in project-7



















% MATLAB code for constructing such windows

f = ...                        % choose f(k), n=0,1,...,N

% length-(N+1) column vector

w = sqrt(2*cumsum(f)/sum(f));  % left-half of window, w(n)

w = w(1:end-1);                % keep only, w(n), n=0,1,...,N-1

w = [w; flip(w)];              % add right-half, symmetrically



Summary –MDCT compression system

[y,ra] = mdctcompr(x,N,rth,win,beta); 

% x = signal to be compressed

% N = MDCT length, frame length = 2*N  

% rth = compression threshold, rth<1, (rth=0 for no compression)

% win = 0,1,2,3, for rectangular, sine, vorbis, KBD windows

% beta = Kaiser shape parameter when win = 3

% 

% y = compressed signal, same size as x

% ra = actual compression ratio achieved



method-2



N = 20; M = 4; L = N*M + N;

t = (0:L-1)'/L;

x = sin(10*t.^2) + 2*t;

beta = 15;

rthr = 0.005;       % try also, rthr = 0.05

[y,ra] = mdctcompr(x,N,rthr,3,beta);

figure; plot(t,x,'r--', t,y,'b-');

example



To clarify the overall sequence of computational steps, we list below the 

explicit steps for the same example, such steps can be the basis of 

constructing the function, mdctcompr

N = 20; M = 4; L = N*M + N;

t = (0:L-1)'/L;

x = sin(10*t.^2) + 2*t;

beta = 15;

rthr = 0.005;           % try also, rthr = 0.05

example



w = pbwin(N,3,beta);             % KBD window

X = buffer(x,2*N,N,'nodelay’);   % 50% overlapping segments

M = size(X,2);                   % no. of segments

W = repmat(w,1,M);               % replicate window M times

D = mdct(W.*X);                  % MDCT of all windowed frames

Dmax = max(max(abs(D)));         % max MDCT coefficient

Dthr = rthr * Dmax;              % MDCT threshold

D(abs(D) < Dthr)=0;                  % discard all |D| < Dthr

ra = length(find(D))/prod(size(D));  % actual compression ratio

Y = W.*imdct(D);                 % IMDCT following by windowing

y = ola(Y,N);                    % OLA with hop-size N

y = y(1:length(x));              % make lengths equal

figure; plot(t,x,'r--', t,y,'b-');



N = 4; M = 6; L = N*M + N

x = (1:L)';

w = pbwin(N,3,6);        % KBD, with beta=6

W = sparse(diag(w));     % sparsify when N is large

X = W * buffer(x,2*N,N,'nodelay'); 

D = mdct(X);

Y = W * imdct(D);

y = ola(Y,N);            % OLA with hop size N

Ym = zeros(N*M+N,M);     % list frames separately

for m=1:M,

Ym((m-1)*N + (1:2*N), m) = Y(:,m);

end

num2str([x, Ym, y], '% 8.2f')

To display more clearly the TDAC mechanism, we compute and list the 

output frames separately, for a simple signal and KBD window, assuming 

no compression so that TDAC will be exact.



x     y1      y2      y3      y4      y5      y6      y

-----------------------------------------------------------

1   -0.34    0.00    0.00    0.00    0.00    0.00   -0.34

2   -0.80    0.00    0.00    0.00    0.00    0.00   -0.80

3    1.39    0.00    0.00    0.00    0.00    0.00    1.39

4    3.88    0.00    0.00    0.00    0.00    0.00    3.88

5    5.65   -0.65    0.00    0.00    0.00    0.00    5.00

6    7.53   -1.53    0.00    0.00    0.00    0.00    6.00

7    4.34    2.66    0.00    0.00    0.00    0.00    7.00

8    0.49    7.51    0.00    0.00    0.00    0.00    8.00

9    0.00    9.97   -0.97    0.00    0.00    0.00    9.00

10    0.00   12.27   -2.27    0.00    0.00    0.00   10.00

11    0.00    7.07    3.93    0.00    0.00    0.00   11.00

12    0.00    0.86   11.14    0.00    0.00    0.00   12.00

13    0.00    0.00   14.28   -1.28    0.00    0.00   13.00

14    0.00    0.00   17.00   -3.00    0.00    0.00   14.00

15    0.00    0.00    9.80    5.20    0.00    0.00   15.00

16    0.00    0.00    1.24   14.76    0.00    0.00   16.00

17    0.00    0.00    0.00   18.59   -1.59    0.00   17.00

18    0.00    0.00    0.00   21.73   -3.73    0.00   18.00

19    0.00    0.00    0.00   12.53    6.47    0.00   19.00

20    0.00    0.00    0.00    1.61   18.39    0.00   20.00

21    0.00    0.00    0.00    0.00   22.91   -1.91   21.00

22    0.00    0.00    0.00    0.00   26.46   -4.46   22.00

23    0.00    0.00    0.00    0.00   15.26    7.74   23.00

24    0.00    0.00    0.00    0.00    1.99   22.01   24.00

25    0.00    0.00    0.00    0.00    0.00   27.22   27.22

26    0.00    0.00    0.00    0.00    0.00   31.20   31.20

27    0.00    0.00    0.00    0.00    0.00   17.99   17.99

28    0.00    0.00    0.00    0.00    0.00    2.36    2.36


