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Basic Problems

(b)

Figure 1: Plot of D2(ejw)
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Figure 2: Plot of D9(ejw)
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Advanced Problems

(f)

Here is a table of indices and their corresponding ω that I found to be the closest
to each of the touch-tone frequencies.

touch-tone context real ω closest ω closest index
ωrow(1) 0.5346 0.5338 175
ωrow(2) 0.5906 0.5921 194
ωrow(3) 0.6535 0.6535 214
ωrow(4) 0.7217 0.7210 236
ωcolumn(1) 0.9273 0.9265 303
ωcolumn(2) 1.0247 1.0247 335
ωcolumn(3) 1.1328 1.1321 370

(g)

Here is a list of values of |D8(ejwk)|2 for each value of wk that I determined in
part (f).

touch-tone context |D8(ejwk)|2
ωrow(1) 3.9811 · 100

ωrow(2) 1.6592 · 102

ωrow(3) 2.5049 · 105

ωrow(4) 5.2769 · 101

ωcolumn(1) 4.8526 · 101

ωcolumn(2) 2.5022 · 105

ωcolumn(3) 9.0996 · 100

We observe that two frequencies (ωrow(3) and ωcolumn(2)) have larger en-
ergy values by at least 3 order of magnitudes. Not surprisingly, these are the
frequencies that are actually present in the signal for digit 8.

(h-i)

I decoded the provided signals into the following phone numbers:
signal phone number
x1 968-7335
x2 324-0716
hardx1 968-7335
hardx2 324-0716
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MATLAB Code

ttdecode.m

function [ phone number ] = ttdecode ( phone s igna l , verbose )
% TTDECODE
% [ phone number ] = t t decode ( phone s i gna l , verbose )
%
% This f unc t i on s decodes a touch−tone s i g n a l i n t o a phone number .
% I t assumes the s i g n a l i s format ted as a vary ing number o f
% samples o f touch−tone f o r each d i g i t s epara ted by a vary ing
% number o f samples o f t o t a l s i l e n c e .
%
% As de f ined in Sec t ion 5.2 (93 −96) o f Buck , Danie l and Singer
% the touch−tone f r e qu en c i e s are
%
% w row w column
% index ( rad ) index ( rad )
% 1 0.5346 1 0.9273
% 2 0.5906 2 1.0247
% 3 0.6535 3 1.1328
% 4 0.7217
%
% and the d i g i t s are coded as a sum of two s ines , one wi th a row
% frequency and one wi th a column frequency :
%
% | column index
%−−−−−−−−−−−−−−−−−−−−−−−−−
% row index | 1 2 3
%−−−−−−−−−−−−−−−−−−−−−−−−−
% 1 1 2 3
% 2 4 5 6
% 3 7 8 9
% 4 0
%
% Inputs :
% phone s i gna l −− The s i g n a l to decode .
% verbose −− Whether the func t i on p r i n t s debugg ing in format ion
% ( op t iona l , f a l s e by d e f a u l t ) .
%
% Outputs :
% phone number −− The decoded phone number , as a vec to r o f d i g i t s .
% −1 i s used in p l ace o f a d i g i t when the tone
% cannot be decoded .
%
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i f ˜ exist ( ’ v e rbose ’ )
verbose = 0 ;

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Create a l i s t o f the f requency i nd i c e s t ha t correspond to a
% touch−tone f requency .
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

w row = [ 0 . 5 3 4 6 0 . 5 9 0 6 0 . 6 5 3 5 0 . 7 2 1 7 ] ;
w co l = [ 0 . 9 2 7 3 1 . 0 2 4 7 1 . 1 3 2 8 ] ;
s i g ws = [ w row w col ] ;

s i g k s = f i nd i nd ex ( s i g ws ) ;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Id e n t i f y the reg ions in the samples t ha t r ep re s en t a tone .
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

N = length ( phone s i gna l ) ;

nz i = find (abs ( phone s i gna l ) >0);
gaps = find ( d i f f ( nz i ) >1);
e nd i nd i c e s = nz i ( gaps ) ;
s t a r t i n d i c e s = [ 1 end ind i c e s ] ;
e nd i nd i c e s = [ end i nd i c e s N ] ;
n d i g i t s = length ( end i nd i c e s ) ;

i f verbose
fpr intf ( 1 , ’%d d i g i t s \n ’ , n d i g i t s ) ;
fpr intf ( 1 , ’ s t a r t i n d i c i e s : ’ ) ;
fpr intf ( 1 , ’%d ’ , s t a r t i n d i c e s ) ;
fpr intf ( 1 , ’\n ’ ) ;
fpr intf ( 1 , ’ end i n d i c i e s : ’ ) ;
fpr intf ( 1 , ’%d ’ , e nd i nd i c e s ) ;
fpr intf ( 1 , ’\n ’ ) ;

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Decode each tone in t o a d i g i t .
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
phone number = zeros (1 , n d i g i t s ) ;
for i =1: n d i g i t s ,

d = phone s i gna l ( [ s t a r t i n d i c e s ( i ) : e nd i nd i c e s ( i ) ] ) ;
D = f f t (d , 2 0 4 8 ) ;
Dabs = abs (D) ;
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Dsq = Dabs .∗Dabs ;
Den = Dsq( s i g k s ) ;
max2 = sort (Den , 2 , ’ descend ’ ) ;
s = find ( (max2(1)==Den ) | ( max2(2)==Den ) ) ;
v = −1;
switch s ( 1 ) ,

case 1 ,
switch s ( 2 ) ,

case 5 ,
v = 1 ;

case 6 ,
v = 2 ;

case 7 ,
v = 3 ;

end
case 2 ,

switch s ( 2 ) ,
case 5 ,

v = 4 ;
case 6 ,

v = 5 ;
case 7 ,

v = 6 ;
end

case 3 ,
switch s ( 2 ) ,

case 5 ,
v = 7 ;

case 6 ,
v = 8 ;

case 7 ,
v = 9 ;

end
case 4 ,

switch s ( 2 ) ,
case 6 ,

v = 0 ;
end

end
i f v==−1

warning ( sprintf ( ’ cou ld not decode d i g i t a t p o s i t i o n %d ’ , i ) ) ;
end
phone number ( i ) = v ;

end
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find index.m

function [ k ] = f i nd i nd ex (w 0 )
% FIND INDEX
%
% [ k ] = f i n d i n d e x (w 0 )
%
% This f unc t i on s f i n d s an index , in a 2048− samples FT, which i s
% c l o s e s t to the g iven f requency .
%
% Inputs :
% w 0 −− The frequency to f i nd
%
% Outputs :
% k −− An index , between 1 and 2048 , such t ha t 2∗ p i ∗( k−1)/2048
% i s one o f the c l o s e s t f r e q u en c i e s to w 0 .
%
k = round ((2048∗w 0 )/(2∗ pi ))+1;

Script for Basic Problems

% ( a)
n from = 0;
n to = 999 ;

n = [ n from : n to ] ;

w co l = [ 0 . 9 2 7 3 1 . 0 2 4 7 1 . 1 3 2 8 ] ;
w row = [ 0 . 5 3 4 6 0 . 5 9 0 6 0 . 6 5 3 5 0 . 7 2 1 7 ] ;

% 1 2 3
%1 1 2 3
%2 4 5 6
%3 7 8 9
%4 0
w0 = [ w row ( 4 ) w col ( 2 ) ] ;
w1 = [ w row ( 1 ) w col ( 1 ) ] ;
w2 = [ w row ( 1 ) w col ( 2 ) ] ;
w3 = [ w row ( 1 ) w col ( 3 ) ] ;
w4 = [ w row ( 2 ) w col ( 1 ) ] ;
w5 = [ w row ( 2 ) w col ( 2 ) ] ;
w6 = [ w row ( 2 ) w col ( 3 ) ] ;
w7 = [ w row ( 3 ) w col ( 1 ) ] ;
w8 = [ w row ( 3 ) w col ( 2 ) ] ;
w9 = [ w row ( 3 ) w col ( 3 ) ] ;
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d0 = sin (n∗w0(1 ) ) + sin (n∗w0 ( 2 ) ) ;
d1 = sin (n∗w1(1 ) ) + sin (n∗w1 ( 2 ) ) ;
d2 = sin (n∗w2(1 ) ) + sin (n∗w2 ( 2 ) ) ;
d3 = sin (n∗w3(1 ) ) + sin (n∗w3 ( 2 ) ) ;
d4 = sin (n∗w4(1 ) ) + sin (n∗w4 ( 2 ) ) ;
d5 = sin (n∗w5(1 ) ) + sin (n∗w5 ( 2 ) ) ;
d6 = sin (n∗w6(1 ) ) + sin (n∗w6 ( 2 ) ) ;
d7 = sin (n∗w7(1 ) ) + sin (n∗w7 ( 2 ) ) ;
d8 = sin (n∗w8(1 ) ) + sin (n∗w8 ( 2 ) ) ;
d9 = sin (n∗w9(1 ) ) + sin (n∗w9 ( 2 ) ) ;

% ( b )
D2 = f f t ( d2 , 2 0 4 8 ) ;
D9 = f f t ( d9 , 2 0 4 8 ) ;
k = [ 0 : 2 0 4 7 ] ;
omega = 2∗pi∗k/2048 ;
f igure ;
plot ( omega , abs (D2 ) ) ;
xlabel ( ’w ’ ) ; ylabel ( ’D2 ’ ) ;
axis ( [ 0 . 5 1 . 2 5 0 6 0 0 ] ) ;
% peaks are at 0 . 5 5 and 1 .05
f igure ;
plot ( omega , abs (D9 ) ) ;
xlabel ( ’w ’ ) ; ylabel ( ’D9 ’ ) ;
axis ( [ 0 . 5 1 . 2 5 0 6 0 0 ] ) ;
% peaks are at 0 . 6 5 and 1 .15

% ( c )
space = zeros ( 1 , 5 0 0 ) ;
% my phone i s 225−7326
phone = [ d2 space d2 space d5 space d7 space d3 space d2 space d6 ] ;

Script for Advanced Problems

% ( f )
k row = f i nd i nd ex (w row ) ;
k c o l = f i nd i nd ex ( w col ) ;
wk row = omega ( k row ) ;
wk col = omega ( k c o l ) ;

% ( g )
a l l k s = [ k row k co l ] ;
D8 = f f t ( d8 , 2 0 4 8 ) ;
D8abs = abs (D8 ) ;
D8sq = D8abs . ∗ D8abs ;
D8en = D8sq ( a l l k s ) ;
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% ( h−i )
dphone = ttdecode ( phone ) ;
load touch ;
dx1 = ttdecode ( x1 ) ;
dx2 = ttdecode ( x2 ) ;
dhardx1 = ttdecode ( hardx1 ) ;
dhardx2 = ttdecode ( hardx2 ) ;

fpr intf ( 1 , ’My phone numberis ’ ) ;
fpr intf ( 1 , ’%d%d%d−%d%d%d%d ’ , dphone ) ;
fpr intf ( 1 , ’\nphone number o f x1 i s ’ ) ;
fpr intf ( 1 , ’%d%d%d−%d%d%d%d ’ , dx1 ) ;
fpr intf ( 1 , ’\nphone number o f x2 i s ’ ) ;
fpr intf ( 1 , ’%d%d%d−%d%d%d%d ’ , dx2 ) ;
fpr intf ( 1 , ’\nphone number o f hardx1 i s ’ ) ;
fpr intf ( 1 , ’%d%d%d−%d%d%d%d ’ , dhardx1 ) ;
fpr intf ( 1 , ’\nphone number o f hardx2 i s ’ ) ;
fpr intf ( 1 , ’%d%d%d−%d%d%d%d ’ , dhardx2 ) ;
fpr intf ( ’\n ’ ) ;

%My phone numberis 225−7326
%phone number o f x1 i s 968−7335
%phone number o f x2 i s 324−0716
%phone number o f hardx1 i s 968−7335
%phone number o f hardx2 i s 324−0716


