
Fast and Memory-Efficient Algorithms for

Quadratic Time–Frequency Distributions

A collection of M-files to compute time–frequency distributions (TFDs) from
the quadratic class [1]. Memory and computational load is limited by control-
ling the level of over-sampling for the TFD. Oversampling in the TFD is propor-
tional to signal length and bandwidth of the Doppler–lag kernel. Algorithms
are optimised to four kernel types: nonseparable, separable, lag-independent,
and Doppler-independent kernels.

Also included are algorithms to compute decimated, or sub-sampled, TFDs.
Again, these algorithms are specific to the four kernel types but compute ap-
proximate TFDs by a process of decimatation.

Requires Matlab or Octave (programming environments). Latest version
available at http://otoolej.github.io/code/memeff_TFDs/.

1 Description

First, add paths using the load curdir function:

1 >> l o a d c u r d i r ;

There are two sets of TFD algorithms: one set computes oversampled TFDs
and the other set computes decimated (sub-sampled or undersampled) TFDs.
The first set, for computing oversampled TFDs, has four algorithms for specific
kernel types, namely the

• non-separable,
• separable,
• Doppler-independent (DI),
• lag-independent (LI) kernels.

1.1 Oversampled TFDs

The function to generate these oversampled TFDs is full tfd.m. The following
examples, using a test signal, illustrates usage:

1 % generate t e s t s i g n a l :
2 N=512;
3 x=gen LFM(N, 0 . 1 , 0 . 3 ) + gen LFM(N, 0 . 4 , 0 . 0 4 ) ;
4

5 % nonseparable ke rne l ( Choi−Will iams ke rne l ) :
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Figure 1: Examples of oversampled TFDs.

6 t f=f u l l t f d (x , ’ nonsep ’ ,{ ’ cw ’ ,10} ) ;
7 f i g u r e (1 ) ; c l f ; v t fd ( t f , x ) ;
8

9 % separab l e ke rne l :
10 t f=f u l l t f d (x , ’ sep ’ ,{{51 , ’ hann ’ } ,{101 , ’ hann ’ }} , 256 ,256) ;
11 f i g u r e (2 ) ; c l f ; v t fd ( t f , x ) ;
12

13 % Doppler−independent ke rne l :
14 t f=f u l l t f d (x , ’DI ’ ,{101 , ’ hann ’ } , 2 5 6 , [ ] ) ;
15 f i g u r e (3 ) ; c l f ; v t fd ( t f , x ) ;
16

17 % lag−independent ke rne l :
18 t f=f u l l t f d (x , ’ LI ’ ,{51 , ’ hann ’ } , [ ] , 2 5 6 ) ;
19 f i g u r e (4 ) ; c l f ; v t fd ( t f , x ) ;

Type help full tfd for more details.

1.2 Undersampled TFDs

Likewise, the algorithms for decimated TFDs are specific to the four kernel
types. The function dec tfd computes the decimated TFDs, as the following
examples show:

1 N=1024; Ntime=64; Nfreq =128;
2 a=2; b=2;
3 ni = [ 1 0 0 : 2 : 9 0 0 ] ; k i = [ 1 5 0 : 2 : 8 5 0 ] ;
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Figure 2: Examples of decimated TFDs.

4

5 x=gen LFM(N, 0 . 1 , 0 . 3 ) + gen LFM(N, 0 . 4 , 0 . 1 ) ;
6

7 % non−s epa rab l e ke rne l :
8 c=d e c t f d (x , ’ nonsep ’ ,{ ’ cw ’ ,100} ,N,N, a ∗4 ,b∗4) ;
9 f i g u r e (1 ) ; c l f ; v t fd ( c , x ) ;

10

11 % separab l e ke rne l :
12 c=d e c t f d (x , ’ sep ’ ,{{51 , ’ hann ’ } ,{101 , ’ hann ’ }} , Ntime , Nfreq ,

a , b ) ;
13 f i g u r e (2 ) ; c l f ; v t fd ( c , x ) ;
14

15 % Doppler−independent ke rne l :
16 c=d e c t f d (x , ’DI ’ ,{101 , ’ hann ’ } ,N, Nfreq , ni , b ) ;
17 f i g u r e (3 ) ; c l f ; v t fd ( c , x , 1 , n i ) ;
18

19 % lag−independent ke rne l :
20 c=d e c t f d (x , ’ LI ’ ,{51 , ’ hann ’ } , Ntime ,N, a , k i ) ;
21 f i g u r e (4 ) ; c l f ; v t fd ( c , x , 1 , [ ] , k i . / (N∗2) ) ;

Type help dec tfd for more details on this function.
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name type description

common dir. files to generate kernel functions
decimated TFDs dir. files to generate decimated TFD for the 4 kernel types
full TFDs dir. files to generate oversampled TFD for the 4 kernel types
utils dir. miscellaneous files
dec tfd.m file computes decimated TFDs
full tfd.m file computes oversampled TFDs
LICENCE.md file licence file
README.md file README file (markdown format)
README.pdf file this README file
load curdir.m file adds paths for Matlab/Octave

Table 1: Files and directories (dir.)

2 Files

All Matlab files (.m files) have a description and an example in the header. To
read this header, type help <filename.m> in Matlab. Directory structure is
in Table 1.

3 Requirements

Either Matlab (R2012 or newer, Mathworks website) or Octave (v3.6 or newer,
Octave website, with the ‘octave-signal’ add-on package).

4 Test Computer

• hardware: Intel(R) Xeon(R) CPU E5-1603 0 @ 2.80GHz; 8GB memory.
• operating system: Ubuntu GNU/Linux x86 64 distribution (Trusty Tahr,

14.04), with Linux kernel 3.13.0-27-generic
• software: Octave 3.8.1 (using Gnuplot 4.6 patchlevel 4), with ‘octave-

signal’ toolbox and Matlab (R2009b, R2012a, and R2013a)
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6 Contact

Name: John M. O’ Toole

Address: Neonatal Brain Research Group,
Irish Centre for Fetal and Neonatal Translational Research (INFANT),
Department of Paediatrics and Child Health,
University College Cork,
Western Gateway Building, Room 4.01L,
Cork, Ireland

email: j.otoole@ieee.org

web: http://otoolej.github.io/

7 Licence

Copyright c© 2014, John M. O’ Toole, University College Cork. All rights
reserved. Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

• Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

• Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

• Neither the name of the University College Cork nor the names of its
contributors may be used to endorse or promote products derived from
this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS
AND CONTRIBUTORS ”AS IS” AND ANY EXPRESS OR IMPLIED WAR-
RANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WAR-
RANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
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PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDI-
RECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAM-
AGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUB-
STITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THE-
ORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY
WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF
THE POSSIBILITY OF SUCH DAMAGE.
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