6.300: Signal Processing

2D Fourier Transforms

2D DFT: Analysis and Synthesis Equations
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Separability: f[r, c] = fr[r] fclc] <= Frlk:|Fclke]

The 2D DFT of a vertical bar is a horizontal bar —
and vice versa. The 2D DFT of an impulse train is
an impulse train with inversely-proportional spacing.
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Agdgenda for Recitation

e Two-dimensional discrete Fourier transform (2D DFT)

[ What questions do you have from lecture? ]




2D Discrete Fourier Transform

fl [7’7 C]

0 8 16 24
column ¢

Consider the 2D signal fi[r, ¢] shown above. Assume
that black corresponds to a value of zero and white
corresponds to a value of one. Determine an expres-
sion for Filk., k.|, the 2D DFT of fi[r,c].




2D Discrete Fourier Transform

Determine an expression for fi[r, ¢] first.
fi[r, c] = d[c — §]
Express fi[r, ¢] as the product of fz[r] and fe[c].
frlr] =1 < Frlk:] = d[k]
feld = dle— 8] <= Felk] = gse e

The transform Fy[k,, k. is the product of Fg[k,] and Fe[k,).
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2D Discrete Fourier Transform

filr, d] |[E [, B
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column ¢ column k.

The transform of a vertical bar is a horizontal bar.
e Could you change fi[r, c] so that Fi[k,, k] = 550[k]?
e Could you change fi[r,c] so that |Fi[k, k.|| = 556[k, — 8]7



2D Discrete Fourier Transform

f2 [7’7 C]
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Consider the 2D signal f[r, ¢] shown above. Assume
that black corresponds to a value of zero and white
corresponds to a value of one. Determine an expres-
sion for Fylk., k.|, the 2D DFT of f[r, ¢].




2D Discrete Fourier Transform

Determine an expression for fy[r, ¢] first.
folr, c] = d[c] + d]c — 16]
Express fo[r, ¢|] as the product of fr[r] and fe[c].

rlr] =1 < Frlk] = (k]

_ L1 pomyg 14 (=D
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The transform Fylk,, k.| is the product of Fr[k.] and F¢lk.].

Polky, ko] = 8[ky]
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2D Discrete Fourier Transform

folr,d] | Folker, ke
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The transform of an impulse train is an impulse train
with inversely-proportional spacing.



2D Discrete Fourier Transform

f3[T7 C]
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Consider the 2D signal f3[r, ¢] shown above. Assume
that black corresponds to a value of zero and white
corresponds to a value of one. Determine an expres-
sion for Fslk., k.|, the 2D DFT of f3[r, c].




2D Discrete Fourier Transform

Determine an expression for f3[r, ¢] first.
Blr, ¢l = 0[c] + d[c — 8] + d[c — 16] 4 d[c — 24]
Express f3[r, ¢] as the product of fz[r] and fe[c].
frlr]=1 < Frlk] = 0[k]
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The transform Fslk,, k.] is the product of Frlk,] and Felk.].

L+ (=) + (=D +j*
32

B % k=0 and k.mod4 =0

|0 k-#0 or k,mod4 0

Fg[km k(;} = 5[k7"]



2D Discrete Fourier Transform

fslr,d | Fs[ker, ke
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The transform of an impulse train is an impulse train
with inversely-proportional spacing.



2D Discrete Fourier Transform

f4[T7 C]
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Consider the 2D signal fi[r, ¢] shown above. Assume
that black corresponds to a value of zero and white
corresponds to a value of one. Determine an expres-
sion for Fylk., k.|, the 2D DFT of fy[r, c].




2D Discrete Fourier Transform

Determine an expression for f[r, ¢] first.

7
= Z d[c —4m]
m=0

Express fi[r, ¢] as the product of fz[r] and fe[c].
7 1

d[c —4m] <— Fclk 4

fele Z ] clke] = {0
The transform Fylk,, k.| is the product of Fr[k.] and F¢lk.].
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2D Discrete Fourier Transform

falr,d] | Fulkr, k]|
'Q
2
&4
0 8 16 24 —-16 -8 0 8
column ¢ column k.

The transform of an impulse train is an impulse train
with inversely-proportional spacing.



Plane Waves

®o [7“ ) C]

The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

Determine a waveform with angle ¢y. ]




Plane Waves

oolr, ]

o[, ]

The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

. . ;2
Determine a waveform with angle ¢g. e/ =" ]




Plane Waves

®o [7“ ) C]

The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

Determine a waveform with angle ¢;. ]




Plane Waves

oolr, ]

o[, ]

The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

Determine a waveform with angle ¢;. e/c*
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Plane Waves

®o [7“ ) C]

The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

Determine a waveform with angle ¢s. ]




Plane Waves

oolr, ]

o[, ]

The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

Determine a waveform with angle ¢,. /(7770 ]




Plane Waves

®o [7“ ) C]

The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

Determine a waveform with angle ¢s. ]




Plane Waves

oolr, ]

o[, ]

The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

. . (2, 2T
Determine a waveform with angle ¢5. /(7779 ]




Plane Waves

®o [7“ ) C]

The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

Determine a waveform with angle ¢,. ]




Plane Waves

oolr, ]

o[, ]

The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

Determine a waveform with angle ¢4. e/ =" ]




Plane Waves

®o [7“ ) C]

The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

Determine a waveform with angle ¢s. ]




Plane Waves

oolr, ]

o[, ]

The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

Determine a waveform with angle ¢5. e/ =" ]




Plane Waves

®o [7“ ) C]

The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

Determine a waveform with angle ¢s. ]




Plane Waves

oo[r, c]

The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

Determine a waveform with angle ¢g. cos(%5r) ]




Plane Waves

®o [7“ ) C]

The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

Determine a waveform with angle ¢r5. ]




Plane Waves

oo[r, c]

The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

Determine a waveform with angle ¢r5. 005(41"5 )




Plane Waves

®o [7“ ) C]

The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

Determine a waveform with angle ¢s. ]




Plane Waves
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The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

[ Determine a waveform with angle ¢g. cos(nr) = (—1)" ]




Plane Waves

®o [7“ ) C]

The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

Determine a waveform with angle ¢y. ]




Plane Waves

oo[r, c]

The origin (0,0) lies at the center of each R x C panel.
Blue denotes —m, white denotes zero, and red denotes .

Determine a waveform with angle ¢y. sin(%5r) ]




Question of the Day
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Determine the 2D DFT of g[r, ¢/ — not the QR code! J




