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| DFTDemos.m rectm |+ ‘ ‘
il function[out]=rect (x) ‘ ‘
2 % rectangle function g | |
3= out=abs (x)<=1/2; ‘ ‘
4— end ‘ ‘
051 | | 1
DFTDemos.m  * | rectm + | |
1-  b=3.0; $rectangle width (mm) | |
2-  1=12.0; 3vector side length (mm) | |
3-  N=60; %number of samples 0 : OO
4—  Xs=L/N; %sample interval (m) -6 -4 -2 0 2 4 6
5 x(mm)
6-  x=-L/2:Xs:L/2-Xs; %coordinate vector
7= f=rect (x/b); %rect function at values x
8—  xi=-1/(2*Xs):1/(N*Xs) :1/ (2*Xs) -1/ (N*Xs) ; . .
9~ F=fft(f); Continuous Functions
10
11-  figure(l) X
12—  plot(x,f,'-0"); %plot f(x) = rect(x/b) f(x) =rect (—)
135 axis([-6 6 0 1.51); 3
14— xlabel ("x (mm) ") ; .
15— ylabel('f(x)"); F(f) = 3Sl1’lC(3f)

15
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Editor - C:\Users\jschw\Dropbox\Class\OPTI 512 Linear Systems, Fourier Transfors = ‘ ‘
| DFTDemos.m* | rectm + - | ‘
1-  b=3.0; %rectangle width (mm) o5 | ‘
2 L=12.0; S%vector > length (mm) ‘ ‘
= N=60; %number of samples ‘ ‘
A= Xs=L/N; %sample interval (m) “ ‘
= | |
6/ x=-L/2:Xs:L/2-Xs; %coordinate vector 5 " ) 0 2 4 6
U= f=rect (x/b); %rect function at values x X(mm)
(&= xi=-1/(2*Xs) :1/ (N*Xs) :1/ (2*Xs) -1/ (N*Xs) ;
20

10

o ST Unshifted f(x) e Shifted F(&)

11—  figure(l) 1 and scaling
2= plot(x,£f,'-0'); %plot f(x) = rect(x/b) .
13—  axis([-6 6 0 1.5]); incorrect
14— xlabel ("X (mm) ") ;
jL5= ylabel ("f(x)");
16
L7/ = figure (2)
18—  plot(xi,abs(F),'-o'); %plot F(xi) = b sinc(b*xi) s
19—  axis([-2.5 2.5 0 201); ar
20 xlabel ('xi(cyc/mm) ') ; 2 ‘\fQ
21— ylabel ("F(xi)'); WY FRA A
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) near Systel Tra ‘ |
DFTDemos.m |
| 0.5 ‘
1-  b=3.0; (mm) |
2-  1-12.0; or length (mm) | |
3—  N=60; Snumber of s | |
4—  Xs-L/N; %sample interval (m) | |
5 o 5 Il
6—  x=-L/2:Xs:L/2-Xs; % linate vector 6 4 2 0 2 4 6
7-  f=fftshift(rect(x/b)); %rect function at values x X(mm)
8- xi=-1/(2% (N*Xs) 11/ (2*Xs) =1/ (N*Xs) ;
9—  F=fft(f); 20
10 H H
. —— Shifted f(x) 18 Shifted F(&)
12~  plot(x,f,'-0"); %plot f(x) = rect (x/b) 16 and scaling
13- axis([-6 6 0 1.5]); .
14— xlabel ('x(mm)'); 147\? incorrect
15— ylabel ("f(x)'); _n
16 ;_5\10 A)
17—  figure(2) - |
18—  plot(xi,abs(F), '~0'); %plot F(xi) = b sinc(b*xi) 8 |
19— axis([-2.5 2.5 0 20]); 6f |
20— xlabel ('xi (cyc/mm) ') ; A0
21— ylabel (' |F(xi)|'); |
2
G5 T2 a5 4 05 0 05 1 15 2 25
xi(cyc/mm)
15
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E \ |
B4 Editor - C:\Users\jschw\Dropbox\Class\OPTI 512 Linear Systems, Fourier Transforms\Notes| ‘ |
| DFTDemosm | rectm | + o5 ‘ |
1-  b=3.0; %rectangle width (mm) ‘ |
2—  1-12.0; %vector side length (mm) |
3-  N=60; %number of samples | |
4-  Xs=L/N; %sample inte (m) | |
5 o | |
6—  x=-L/2:Xs:L/2-Xs; %coordinate vector e 4 2 0 2 4 6
7-  f=fftshift (rect(x/b)); %rect function at values x (mm)
8-  xi=-1/(2*x®T £Xs) 11/ (2#Xs) -1/ (N*Xs) ;
9—  F=fftshift (£ft(f)); 20
N e Sl Shifted f(x) .
11~ figure(1) . F(&) scaling
12— plot(x,f,'-0'); %plot f(x) xcct(x/b)Shlfted F(E_;) 16 .
13- axis([-6 6 0 1.5]); 1 A incorrect
14— xlabel('x(mm)'); i
15— ylabel ('f(x)'); 12
16 ;gwo
17— figure(2) =
18—  plot(xi,abs(F),'-0"); %plot F(xi) = b sinc (b*xi) 8
19~ axis([-2.5 2.5 0 20]); s
20~ xlabel ("xi(cyc/mm)'); b
21~ ylabel('|F(xi)|'); 4 %‘w‘
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P4 Editor - C:\User: w\Dropbox\Class\OPTI 512 Linear Systems, Fourier Transforms\N« ‘
DFTDemos.m rectm % | 4+ | 05 ‘
18 b=3.0; ‘ |
2-  1=12.0 (mm) |
3-  N=60; %number mples ‘ |
4—  Xs=L/N; %sample interval (m) \ |
5 0 A I\
6—  x=-L/2:Xs:L/2-Xs; $coc vector o 4 2 0 2 4 6
7 f=fftshift (rect (x/b)); function at values x X(mm)
8-  xi=-1/(2%Xs $Xs) 11/ (2%Xs) -1/ (W*Xs) ; 4
9—  F=Xs*fftshift (FFt(f))7 Shifted (x)
10 ifte X 35 H
|- . Ve F(€) scaling|correct
12—  plot(x,f,'-0'); %plot f(x) = rect(x/D Scaled and (#\
13— axis([-6 6 0 1.51); f i
25 [
14~  xlabel('x(mm)'); Shifted F(&) | \
15— ylabel(*f(x)'); T, |
16 = [
L= figure (2) 15 | \
18—  plot(xi,abs(F),'-0"); %plot F(xi) = b sinc(b*xi) | \‘
19—  axis([-2.5 2.5 0 4]); 1 $ o
20~ xlabel('xi(cyc/mm)'); | |
21— ylabel (' [F(xi)|'): 08 &Qg@@mw‘ “‘@Q\Q@b
I 17
RARARAY NAVETATATET
25 -2 -15 -1 -05 0 0.5 1 15 2 25
xi(cyc/mm)

DFT Examples

Comparing the discrete and
continuous answers shows some
small discrepancies near the edges.

[F(xi)]

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
xi(cyc/mm)
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Phase of Transform
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At first glance, the effect of the
shift on the object might not
be obvious. Here, when the
object is centered.

The modulus looks correct for
both centered and decentered
objects, but the phase only
looks correct when the object
is shifted as well.

25 5 ]
. . H
: |
E1s =3
) : f
1 2 W‘ ‘T
Il
" ' il
o . sarfRRAVLL LUV \RRRARas
-6 0 2 - 2 4 0 1 2 3
X(mm) xi(cyc/mm)
3 6 W
25 5 I
2 4 Il
Z1s =S ‘ ‘
7 ¢ b
1 2 I
I
|
05 1
||
a g
o A&
6 o 2 2 4 0 1 2 3
X(mm) Xi(cyc/mm)

Small values for high frequencies
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Discontinuities at Edges

Since the DFT inherently replicates the
object, any discontinuities across the
boundaries of this replication causes
high frequency values in the transform
which leads to aliasing.

This issue can be reduced by creating
an object that is mirrored about its
horizontal and vertical edges. This leads
to a smoother transition at the
boundaries, lower frequency values and
less aliasing.

Convolution

Convolution tends to smooth out
high frequency and lead to a

" " “ resulting function that has a
* ! = “width” equal to the sum of the
0 x 0 * 0 x widths of the two functions being
convolved.

htx)

Ald p o

x 0 x [) x |

] x 1 ] x
— b, — B ——]
: by P——— by \
fx) h(x) £tx)
A * N AN £t = [0
0 x x ‘ x
Six)y filx) K(0)
1 I
= —l
* = / re——b, = by *b; 4
0 * (] 0 r Figure 6-6 Convolution of two functions with compact support.

Figure 6-5 Smoothing effects of convolution.
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Convolution & Correlation

In general, when calculating convolution & correlation, the size of the array should be at
least the size of the sum of the two functions being convolved (correlated). Here a cyl()
function is shown along with its autocorrelation. The array needs to be twice the diameter of
the cylinder to avoid aliasing. This is sometimes referred to as “padding” the array.
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