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Remind that ...

• T δ →
2 / T

• Tp →
2 / Tp δ
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x = [0:16];
lx = [0:160];
x10 = [0:10:160];

for n = 0:15
fc = cos( 2*pi*x*n/16 );
fs = sin( 2*pi*x*n/16 );
lc = cos( 2*pi*lx*n/160 );
ls = sin( 2*pi*lx*n/160 );
subplot(16, 2, 2*n+1);
stem(x10, fc,'.' );
hold on;
plot(lx, lc, 'r');
hold off;
axis off;
axis( [0 160 -1 1] );
subplot(16, 2, 2*n+2);
stem(x10, fs,'.' );
hold on;
plot(lx, ls, 'r');
hold off;
axis off;
axis( [0 160 -1 1] );
end
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N = 16 k = 8
• cf. 

WN
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k > N/2 |k N| < N/2
N/2

→ N = 16 k > 8 
k 16 k 16

x = [0:16];
lx = [0:160];
x10 = [0:10:160];
for n = 0:15
fc = cos( 2*pi*x*n/16 );
fs = sin( 2*pi*x*n/16 );
if n > 8 
nn = n-16;
else
nn = n;
end
lc = cos( 2*pi*lx*nn/160 );
ls = sin( 2*pi*lx*nn/160 );
subplot(16, 2, 2*n+1);
stem(x10, fc,'.' );
hold on;
plot(lx, lc, 'r');
hold off;
axis off;
axis( [0 160 -1 1] );
subplot(16, 2, 2*n+2);
stem(x10, fs,'.' );
hold on;
plot(lx, ls, 'r');
hold off;
axis off;
axis( [0 160 -1 1] );
end
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rect([1:32]) = 0;
rect([1:6]) = 1;
stem( rect, '.' ); axis( [1, 32, -2, 2 ] ); grid;
fr = fft(rect);
stem( real(fr), '.' ); axis( [1, 32, -5, 10 ] ); grid;
stem( imag(fr), '.' ); axis( [1, 32, -5, 10 ] ); grid;

rect

Re[DFT(rect)]

Im[DFT(rect)]

DFT
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stem( abs(fr), '.' ); axis( [1, 32, -5, 10 ] ); grid;
stem( angle(fr), '.' ); axis( [1, 32, -4, 4 ] ); grid;

rect

|DFT(rect)|

arg[DFT(rect)]

DFT
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stem( rect, '.' ); axis( [1, 32, -2, 2 ] ); grid;
fra = [fr([17:32]),fr([1:16])];
x32 = [-16:15];
stem( x32, abs(fftshift(fr)), '.' ); 
axis( [-16, 15, -5, 10 ] ); grid;
stem( x32, abs(fra), '.' ); 
axis( [-16, 15, -5, 10 ] ); grid;

rect

|fra|

fftshift
(|DFT(rect)|)

DFT

|DFT(rect)|
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DFT
ring = wavread('ring.wav');
ri = ring([1:128]);
plot( ri ); axis( [1, 128, -1, 1 ] ); grid;
stem( ri, '.' ); axis( [1, 128, -1, 1 ] ); grid;
fri = fft(ri);
stem( abs(fri), '.' ); axis( [1, 128, 0, 15 ] ); grid;
plot( 20*log10(abs(fri)) ); axis( [1, 128, -50, 30 ] ); grid;

x(n)

|DFT[ x(n) ]|
= |X(k)|

20log10|X(k)|
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DFT x = [-64:63];
stem( x, fftshift(abs(fri)), '.' ); 
axis( [-64, 63, 0, 15 ] ); grid;

x(n)

|X(k)|

fftshift|X(k)|
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DFT >> angle( fri(16) )
ans =

2.7592
>> c16a = cos( 2 * pi * 15 / 128 * [1:128] + 2.7592 ) * 0.5;
>> plot(c16a, 'r' );
>> hold on;
>> stem( ri, '.' ); axis( [1, 128, -1, 1 ] ); grid;
>> hold off;
>> angle( fri(20) )
ans =

1.1151
>> c20a = cos( 2 * pi * 19 / 128 * [1:128] + 1.1151 ) * 0.5;
>> plot(c20a, 'r' );
>> hold on;
>> stem( ri, '.' ); axis( [1, 128, -1, 1 ] ); grid;
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ri80 = ri([1:80]);
stem( ri80, '.' ); axis( [1, 128, -1, 1 ] ); grid;
ri80([81:128]) = 0;
stem( ri80, '.' ); axis( [1, 128, -1, 1 ] ); grid;
fri80 = fft(ri80);
stem( abs(fri80), '.' ); axis( [1, 128, 0, 15 ] ); grid;

x(n)
n = 1 ... 80

|X(k)|

x(n) 0
→ x'(n)
n = 1 ... 128

|X'(k)|

DFT
0
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xi = [0:127] * 79 / 127 + 1;
ipr = interp1( ri80([1:80]), xi );
stem( ipr, '.' ); axis( [1, 128, -1, 1 ] ); grid;
axis( [1, 80, 0, 15] );

x(n) n = 1 ... 80

128 x''(n)

x(n)
n = 1 ... 80

DFT
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fipr = fft( ipr );
stem(abs(fipr), '.' ); axis( [1, 128, 0, 15] ); grid;
axis( [1, 80, 0, 15] );
fri80 = fft(ri80([1:80]));
stem( abs(fri80), '.'); axis( [1, 80, 0, 15] ); grid;

128 DFT
| DFT{ x''(n) }|

= | X''(k) |
k = 1 ... 128

| X''(k) |
k = 1 ... 80

| X(k) |

80 DFT
| DFT{ x(n) }|
k = 1 ... 80

DFT



25

x(n)

n

x(n m)N

n

m

n

N0

DFT x(n + m)N = WN
-km DFT{ x(n) }

26

x1(n)

n

n

n

x2(n)

x1p(n)

x2p(n)

x1(n)  *(N) x2(n) x1p(n) * x2p(n)

27

• N x1(n) x2(n) 

•

→ DFT DFT

)()()()(*)()( 21

1

0
2)(1 nPlnxlxnxnxny Npp

N

l
N

otherwise0
01

)(
Nn

nPN

)}({)}({)}(*)({)}({ 212)(1 nxDFTnxDFTnxnxDFTnyDFT N

28

• N x1(n) x2(n) DFT

Xqp(k) Xq(k) D
q = 1, 2 

→ DFT DFT
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• T
• N
• p

→
Tp

Tp = N T
f(n) = f( nT )

F(k) = F( k p )

p = 2 / Tp

fp = 1/Tp = 1 / (NT)
N/2 

(N/2) (1/Tp)= 1/(2T) Hz   cf. 
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N = 1000, T = 10 ms 
Tp = 10 s

1/T = 100Hz

p = 2 / 10 rad/s

F(k) 0.2 k [rad/s] 
0.1 k [Hz] 

k = N/2 50Hz 

= 100 Hz

= 50 Hz

t
DFT

= 50 Hz

1000 

1000 
= 10 s

= 0.1 Hz


