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Image Transform

Image transforms

- Fourier

- Cosine

- Wavelet

- Unique

- Sine

- Hartley

- Hadamard
- Harr

- Daubechies
- Karhunen-loeve
- Slant

- Hotelling
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Image Transform

Applications of the Fourier Transform

This section presents a few of the many image processing-related applications
of the Fourier transform.

Frequency Response of Linear Filters

Fast Convolution

A key property of the Fourier transform is that the multiplication of two
Fourier transforms corresponds to the convolution of the associated spatial
functions. This property, together with the fast Fourier transform, forms the
basis for a fast convolution algorithm.

Locating Image Features

The Fourier transform can also be used to perform correlation, which is closely
related to convolution. Correlation can be used to locate features within an
image; in this context correlation is often called template matching.

- Image Processing Toolbox, Matlab, page 8-3
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Fourier Transform

Introduction

- Fourier Transform (FT): an 1image 1s transformed to consider in the
frequency domain. One can use the FT 1n filtering image or others

- FT of two-dimensional (2D)
- Properties of Discrete Fourier Transform

- Applications
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Bottom row: On the left the filtered signal that can be obtained by
convolving the signal at the top with the filter in the middle. On the
right the Fourier transform of the filtered signal obtained by
multiplying the Fourier transform of the signal at the top, with the
Fourier transform (system function) of the filter in the middle
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Fourier Transform

Introduction and Overview

- Fourier Transform (FT): a signal in time transformed to consider it in frequency
domain.

- FTs of one-dimensional (1D) and two-dimensional (2D), and their applications

One-Dimensional Continuous Fourier Transform (1D FT)

One-Dimensional Fourier Transform (1D FT): Assume that a 1D continuous
signal in time g(¢). The FT of this continuous signal is defined as follows:

6(f)=FT{g(}= [sll a1

in which f is the frequency variable in units such as Hertz and j is an
imaginary number (j* = —1). One also presents a complex function
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Fourier Transform

One-Dimensional Continuous Fourier Transform (cont.)
G(f)= |G(f)‘eJZG(f) (2.2)

where |G( f )‘ is the amplitude of G( f ) and e’ £G(f) is the phase of G( f )

Calculate the signal in the time domain by the inverse FT

gO)=1FT{G(f)}= [G(r)e”™dr  (23)
Example 2.1: Consider an exponentially decaying signal

glt)=e", 120
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Fourier Transform

Example: Consider an exponentially decaying signal (cont.)

—+o0

G(f)= I g(t)e > dt Calculate the magnitude and
Zes phase of  G(f)

:+°° ~t o= i2 G = I 1

_([e e G(f) 27| 15 ) (2.5)

1 —(1+j2747‘)t}t:+oo

1T . € and

{ 1+ j2A o (2.4)
I - £G(f)=-£(+ j27f) =—tan”' 27f) (2.6)

1+ j27f
_ 1
1+ j27f
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Fourier Transform of Some Physical Function

Consider function O A (Z ) as shown 1n Figure 2.1

Energy of this signal is the duration

5,(t)

Fourier Transform

Ja

multiplied by the height of the pulse and —% % g
always 1 (A*1/A = 1)
. . . Fig. 2.1: The J, (¢) function
Define the impulse function as follows: 5(0) A
. A
S(r)=1limo, () @7)
A—0
This equation shows that the impulse function is t
nonzero only between 0~ and 07, its energy is still >
1 as the below equation
+oo 0"
jé‘(t)dt — J5(t)dl‘ =1 (2.8) Fig. 2.2: Visual representation of an
e o impulse function
10
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Fourier Transform

The sampling capability of the impulse function for any the signal (1)

+oo 0"
olt—1,)A

[()g(t)ar = [5()g(r)dr = g0)  (2.9) it
bl o

The shift property of an impulse function centered at

t, as follows:
+o0 t £y
j&(t—to)dtzjé(t—to)dtzl (2.10)
oo -

Fig. 2.3: Shifted

Using a shift function, one can sample to obtain at impulse function
any time t, as follows:

[ot-0 )= [8-1)elhr=gl) 210
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Example 2.2: Calculate the FT of the impulse function

FT{6(t)}= Td(t)e‘ﬂ”ﬁdt —e /0 =1  (2.12)

This unique property of the impulse function indicate us

know the frequency spectrum of an impulse is flat.

Example 2.3: Consider the unit pulse #(r)

shown in Figure 2.4

Calculate the FT of this unit pulse function

i T (=T
Pu(f)= jpn (t)e 727" dr = IAe‘fszfdf - {_% ejzzzfr}
e 0 J t=0
= A | oA Jpiar it |
J2nf j2nf
) ﬁjﬂ ;_jw }W = 2 sin(gfT)e " (2.13)
J
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Fourier Transform

Properties of One-Dimensional Fourier Transforms
Signal Shift

If a signal 1s shifted in time, the amplitude of the FT remains the same (for all
frequencies)

FT{g(t~1,)}=¢""G(f) (2.14)
From Eq. 2.1

Convolution

The FT creates an alternative method of calculating the convolution that is much
less computationally intensive.

g% 8,0)= [0, —2Mz = [g,6-De,()ar (2.1

13
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Fourier Transform

Properties of One-Dimensional Fourier Transforms
Linear Systems Analysis

In order to see the impact of the FT on linear systems, one can describe
relationship between the input plt) and output q(t)and the internal characteristics of
a linear system 4(t). The output is nothing, but the convolution between the input
and the internal characteristics of the model, one has as follows:

q(t)= p(t)*h(t) (2.16)

Convolution is a rather complicated process, but the FT can be used easily
calculate the output of linear system, we have:

o(f)=r(f)-H(f) (2.17)

Equation (2.17) is rewritten as follows:

H(f):@ (2.18)

P?f)
Assume that the input is an impulse P\ )= 6t ), then Equation is rewritten:

1 (r)=2Y) _ o(5) @19 14
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Fourier Transform

Properties of One-Dimensional Fourier Transforms

Scaling Property

An extremely useful property of the FT is the way, in which time and frequency
domains are inversely scales. Its Equation is written as follows:

Assume that a signal defined as & (@) witha >1 | we can calculate the FT using G(f)
as follows:

FT{g,(t)}=G/,(f)= lG[ij (2.20)

a a

This equation means that a function is compressed in time, the function in the
frequency domain expands with the same rate. This shows that once the width of a

signal in the time domain approaches zero, its width in the frequency domain
approaches infinity.

15
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One-Dimensional Discrete Fourier Transform

Fourier Transform

Need to sample a continuous signal to preserve all information in it to describe the
discrete equivalent of the continuous FT, called the discrete FT (DFT) and defined

das.
N—l1 _j27dch
Glk)=>Y gln)e ¥ , k=0,.,N-1
n=0

The inverse of this transform 1s as:

ZG , n=0,...

Its properties of the DFT are similar to the continuous FT.

Nguyen Thanh Hai, PhD.
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x(m) = [1,2,3, 4]

Properties of the DFT ,
E'-_ x(m) =112 3,4%_1,2,3,4, 1,23, 4}
: 'Y .: . - _
-2y ={.1,23412341234.]
: I o

e e and Ony =341, 2 '
® N ] L ® n .
T J 1 T
° ° o
I r I : I Examples
; : s * SHLF'l‘lflL (0, 0. O]j = [[L 1.0, []] (an impulse delayed one sample).
* | ® . * '
] .I
- ; s SHIFT) I:[L 2,3, 4]:] = [.;L 1.2, 3] (a circular shift example).
[ I E [ [ E I I I X o SHIFT o([1,0,0,0]) = [0,0,1,0] (another circular shift example).
- - =
| ®
II Fig. 2.5b: Circular shift of a
e ————— ———————— > i -

0 ¥ I signal g(n-2) -
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Fourier Transform

Properties of the DFT

Fig. 2.6 shows the stretch operation. The signal will be stretched by inserting zeros
between consecutive time points.

g(n)4 ¢

‘ ‘ “‘ Stretch, g(n) ‘ ‘ | ‘ | ‘
| 0 I

Fig. 2.6: Stretch of a signal
A stretch by factor L is defined by

_ A | x(m/L), m/L an integer
STRETCHL mi(T) = _ ‘
0 m/ L. non-mteger.

L=2; STRETCH,([4,7,5,2,4,3,5]); N 1s a length of signal, after stretching, the
length of signal is M=LN; STRETCH,([4,7,5,2,4,3,5])=[4,0,7,0,5,0,...]

Nguyen Thanh Hai, PhD.
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Fourier Transform

Properties of the DFT

The repeat operation is the repeating of a signal over an entire period as in Fig. 2.7.

g(n)4 1

\|m \|mm mn

Fig. 2.7: Repeat of signal

L=2; STRETCH,([4,7,5,2,4,3,5]); N 1s a length of signal, after stretching, the
length of signal is M=LN; STRETCH,([4,7,5,2,4,3,5])=[4,7,5,2,4,3,5,
4,7,5,2,4,3,5,...]

19
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Fourier Transform

Properties of the DFT

A definition of the circular convolution for discrete signals g; (n) and g, (n) as

281 gzn m 2_81(’7_’”)*82("7) (2.23)

m=0

In this equation, &, (n—m)and g,(n—m) represent the m-point circular shift of &, (n)
and gz(n).

According to the Fourier theory, the circular convolution is loosely equivalent to the
linear convolution for continuous signals. To see this more clearly, one describes an
important property of DFT as follows:

DFT{g,(n)* g,(n)}= DFT{g,(n)}- DFT{g,(n)}=G,(k)- G,(k) (2-24)

One of the most important property of the circular convolution can be defined as:

DFT{STRETCH {g(n)}}= REPEAT{DFT{g(n)}}= REPEAT{G(k)} (2.25)

DFT

STRETCH {g(n)}<> REPEAT{G(k)}  (2.26) o

Nguyen Thanh Hai, PhD.
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Example : Consider the time signal shown in Fig. 2.1. The
DFT of this signal is shown in Fig. 2.2.

Tin hieu Pho cua tin hieu
5 T T T T T 1
4r - 0.9+
3 0.8
0.7+
0.6+
8 [
S c 0.5
g g
0.4+
0.3-
3f 0.2
4 0.1
_5 [ [ | [ [
0 0.005 0.01 0.015 0.02 0.025 0.03 0

| | | | L L | | |
0 50 100 150 200 250 300 350 400 450 500

Thoi gian (s
gian (s) Tan so (Hz)

Fig. 2.1: Signal x, defined Fig. 2.2: Magnitude of
in the time domain the DFT of signal x
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Two-Dimensional Discrete Fourier Transform

The 2D FT 1s a rather straightforward extension of the 1D transform.
Mathematically, the 2D DFT is defined as:

IN— _.27[(ux) _.27r(vy)
Gluw)=Y 3 gley)e ™ e’ 8.1)
x=0 y=0

where u=0,1,...,M-1 and v=0,1,...,N-1 are the frequency axes, in
which G(u,v) 1s described as a Fourier image.

22
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Two-Dimensional Discrete Fourier Transform

The inverse transformation, the 2D IDFT is denoted as:

p—a
2
p—k
(\O)
5
—~
Ny
=
N—
(\O)
3
=
<
~~—

, N "G v N (3.2)
g(x,y)= oD (u,v)e” ¥ e

Il
)

where x=0,1,...,M-1 and y=0,1,...,N-1 and g(x,y) i1s an image after
inverse transform.

23
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Example of Fourier transform

G(u,v) 1s the Fourier transformation of an image g(x,y)
G=U"*g*V

Where U, V are the matrices:

_J2mxu

Uxu)=e " ;x,u=0:M —1

Jj2myv

V(y,v)ze_ Mooy, v=0:N-1

Nguyen Thanh Hai, PhD

(3.3)

(3.4)

(3.5)
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Example of Fourier transform

If U(x,u)=U(u,x) ==> U'=U, one can re-write as follows:

G=U*g*V (3.6)
g(x,y) 1s the inverse Fourrier transform of G(u,v)

g=U"*G*V" (3.7)

where

G=U"*g*V < U") *G*V"'=({U")'U *g*V*V"

=g=U")*G*v"

25
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Example: Find the Fourier transform of the following 4x4 image

Solution:
- One has the row, M=4 ; the column, N=4
- Transform matrix U(x,u) using the formula:

Using the formula of Euler, we have ¢’ =cos®@ — jsin®@

— JX2xwx0x0
e 4

— JX2X7XIX0
e 4

— JX2X7Xx2X0

e 4

— JX2X7x3x0

e 4

Nguyen Thanh Hai, PhD

_ J2mu

Uxu)=e " ;x,u=0:M —1

— JX2xx0x1
e 4

— PX2X7XIX1
e 4

— X2xx2x1

e 4

— JX2Xx7x3x1

e 4
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Image Transforms

— JX2XX0X2
4

— JX2X7XIX2
4

— JX2XTTX2X2
4

— JX2X7X3X2
4

— JX2X7X0x3
e 4

— JX2X7TXIX3
e 4

— JX2X7TX2X3
e 4

— JX2X7TX3x3

e 4

g(x,y)=

https://fb.com/tailieudientucntt
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Image Transforms
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—j2771x0 —j27lxl —j27lx2 —i271x3
4 4 4 4
e € e e
—i272x0 —j272x1 —i272x2 —i272x3
e et et e’
—i273x0 —i273x1 —i273x2 —i273x3
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1 1
=)
Similarly, one has the matrix, V V= 1 1
b
1 1 1 1][0 0 0 O] 1
1 —j =1 j|l]l0o 1 1 0|1
G=U*g*V = * *
1 -1 1 —-1]1]0 1 1 O] |1
1 j -1 -j] 10 0 0 O] |1
4 —2—-j2 0 —-2+;2
—-2—-j2 2 0 2
G= / g
0 0 0 0
242 2 0 —j2

Nguyen Thanh Hai, PhD

Image Transforms

1 1
-1
| |
1 —j
1 1 1 ]
-J -1 J
-1 1 -1
J -1 —-J
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DFT image

The kernel of DFT is a complex function = these images are complex:
» Real parts
» Imaginary parts

Display the DFT of an image
» Coefficients of the high frequency are small.

» Logarithmic function
d (u,v) =log(1+ |G(u,v)|)

29
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DFT image
|F(u,v)| = [R*(u,v) + I* (u, v)]¥*z (3.22)c
G:i::-Ehg-cﬁa-cﬁa-biéﬂ-dériﬂw@cﬂéc-dinh-ﬂhlr-sau:']
I{u, v)
#(u, v) = tan™? [R ]:r: 2
(u,v) = tan (o v) (3.23)

Hai-ham-nay-c6-thé -duoc-st-dung-dé-bicu-didén-F(u, v)-dwdi-dang-
hétoa-doc-crc-thong throng -cho -m:’_f-t-siai-lm_:rﬂg:i'{
F(u,v) = |F(u,v)|e i#lvig (3.24)c
Phé cong-suat-duoc-dinh nehia-nhir-13 -binh-phrong-coa-do-16nT

P(u,v) = |F(u, v)|*+

R*(u,v) + I*(u,v)u (3.25)c

30
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DFT image
Cho-ma tran-a-cokichthwoc-4 x 4-van-cac -gi;i-tri--:u-ﬂlé-sau:'l
0O 0 0 0
_J10 1 1 0
a=15 1 1 of
0 0 0 0

Bién-ddi-Fouriercia-a véiviéc tinh-todn ting-gid-tri-cu-thé taiting-

vitri,-ching -han nhevéiu = 2vav = 1.

A1,0) E_;JE_H,E}_JZ it&} el 4 el
—2— 21

4470 —2—j2 040 —24 2]
-2—=j2 042 040 240
040 0470 040 040
—24j2 0+j0 040 0-—j2 |
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Exercise

Compute the DFT of the following image

o

I
o O oD
= 0 O O
—

Solution

o e [ e Y S

= OO =

s e Blan
-

Nguyen Thanh Hai, PhD

oo O O

32


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

University of Technology and Education

Faculty of Electrical & Electronic Engineering I m ag e Tra n Sfo r m S

F=fft2(f)
Ham nay sé tra vé bién ddi Fourier cling v&i kich thwée M x N ¢cé di liéu
dwoc sap xép nhu trong hinh 3.2(a), khi dé, goc toa dé nam & goc trén bén
trai cua ma tran va chu ky két thuc tai trung tam cua hinh chir nhat tan so.

| I
, _ N/2 N-1I

| Bén chu ky lién k&
| it nhan tai diém
: nay

I

I

I
-l _ ¥ __

M

- R I
|| Chuky cva bién 8éi 2-D DFT |
I
|

[] Ma trin MxN cia F(u,v) i
Hinh 3.2. (a) Ph6 Fourier cé kich thuéc M x N va chi ra bén géc tw cua
cac chu ky tiép gidp nhau trong phé. (b) Phé cé dwoc bang cach nhén
ham f(x,y) v&i (=1)**Y trurée khi tinh bién déi Fourier. Khi dé tron ven 1
chu ky dugc xem xét bang cdch thurc hién bién déi Fourier théng thuong
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Image Transforms

v&i cac gia tri bang khéng khi st dung bién dbi Fourier dé loc anh. Trong
tredng hep nay, cu phap dwgc cho nhw sau:

F=fft2(f,P.Q)

V&i cu phép nay, fft2 mé rong ngd vao véi so lwong gid tri khdng cho
phép sao cho ham két qua co kich thwéc P x Q.

Phd bién do Fourier dat dwoc bang cach str dung ham abs:

S=abs(F)

Ham abs tinh bién dé (can bac hai cta tong binh phwong phan thuwe va
40) cua tirng phan t&r trong mang. Hinh 3.3(b) trinh bay phd Fourier, trong
do, cac diém sang tai cac goc co bién dd Ion nhat twong rng voi 4 goc
phan tw cta 4 chu ky tiép giap nhau.

Hinh 3.3. Bién déi Fourier cho énh va phé ctia né:
(a). Anh goc; (b) Phé Fourier; (c) Phé dworc dinh vi tri trung tam

(d) Phé duoc tang cuong dé hién thi bang bién déi log 34
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Phan tich phé bang cach biéu dién né nhw mét anh ddc 1ap dwoc xem 1a
mot khia canh quan trong trong mién tan s6. Ham fftshift trong Toolbox
dwoc str dung dé chuyén goc toa dd clia bién ddi dén trung tdm cda hinh
chir nhat hay néi dung hon thi n6 thwe hién chirc nang twong tw viéc
nhan (—1)**Y. CU phap cua ham fftshift dwoc dwa ra nhw sau:
Fe=fftshift(F)

v&i F 14 bién déi Fourier da dworce tinh todn bang ham fft2 va Fc 1a bién
doi trung tam. Ham fftshift thwe hién hoan déi céac goc phan tw ctia F
nhw trong hinh 3.3(c), khi do, viéc tai sap xép cac géc phan tw nay lam
cho cac diém sang déu dwoc dat tai vi tri trung tdm va cho phép hién thi
tron ven mét chu ky hoan chinh. Hinh 3.3(d) biéu dién phd nhw hinh
3.3(c) nhwng dwoc tang cwdng bang bién ddi log

35
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Vi du 3.2: Thyc hién bién dbi Fourier

cho anh va tinh phd cta n6
clear all;

close all;
f=imread('TestDFT.tif');
F=fft2(f);

S=abs(F);

Fe=fftshift(F);

Sc=abs(Fc);
S2=log(1+abs(Fc));

figure;
subplot(2,2,1);imshow(f);
subplot(2,2,2);imshow(S, []);
subplot(2,2,3);imshow(Sc,[]);
subplot(2,2,4);imshow(S2,[]);

Nguyen Thanh Hai, PhD

Image Transforms

Nguwoc voi ham fftshift la ham ifftshift sé
chuyén céc goc phan tw vé vi tri ban
dau, ham nay cé cu phap nhw sau:
F=ifftshift(Fc)

bién dbéi Fourier ngwoc, ham ifft dwoc
sr dung vo&i cu phap nhuw sau:

f=iffto(F)

V@i F 1a bién dbi Fourier sau khi da
chuyén céc goc phan tw vé vi tri ban
dau, f 14 anh trén mién khong gian. Néu
ngd vao tinh toan F 12 sé thuc thi twong
(’ng ngd ra ciing 1a dang sé thwe. Tuy
nhién, trong thwc té, ham ifft2 thwdng
cé mot vai thanh phan o rat nhd 13 két
qud ttr viéc 1am tron von 1a dac trung
trong tinh toan dau cham déng. Do do,
tot nhat 1a ta sé 1ay phan thwc va dung
ham nhw sau:

f=real(ifft2(F)) 36
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Image Transforms

Do viéc tinh FFT trong MATLAB gia dinh gbc toa dé cia ham truyén tai vj tri
goc trai phia trén cda hinh chi¥ nhat tan so, vi vay, viéc tinh toan khoang
céach can phai cha y. Trong trwéng hop nay, goc toa dd can phai dwoc sap
xép lai sao cho gdc nam ngay tai trung tdm bang céach st dung ham fftshift
nhw da trinh bay trwdc d6. Bé cung cap mot so dd lwdi dung tinh toan
khodng céch va cho cac rng dung twong tw, ham dftuv dwoc viét nhw sau:
function [U,V]=dftuv(m,n)

u=0:(m-1);

v=0:(n-1);

idx=find(u>m/2);

u(idx)=u(idx)-m;

idy=find(v>n/2);

v(idy)=v(idy)-n;

[V,U]=meshgrid(v,u);

End;

37
Nguyen Thanh Hai, PhD


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

University of Technology and Education

Faculty of Electrical & Electronic Engineering I m ag e Tra n Sfo rm S

. S Gid tri khodng céch bang khong tai
be minh hoa, ta tinh binh phuong g4 trén bén trai va cac gia tri I6n nhat

khoang cach tir moi diém trong tai trung tam clia hinh chi nhat dwoc
hinh ch@ nhat co kich thuwdc 8 X5 giaj thich nhw & hinh 3.2 (a). Hién
den goc: nhién, ta c6 thé dung ham fftshift dé
[U,V]=dftuv(8,5); dat dwoc cac gia tri khodng cach voi
D=U.A2+V.A2

mdi lién hé dén trung tdm cda hinh
chi* nhat dung bieu dién tan sé

D =
(frequency retangle).
0 1 4 4 1 fftshift(D)
1 2 5 5 2 ans —
4 5 8 8 O 20 17 16 17 20
9 10 13 13 10 13 10 9 10 13
16 17 20 20 17 8 5 4 5 8
9 10 13 13 10 5 o 1 o &
4 5 8 8 5 4 1 0 1 4
T2 5 5 2 5 2 1 2 5
8 5 4 5 8
10 9 10 13 38
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Exercise

Verity the relationship of the DFTs of the following images

0 0 1 0 0O 0 0 0

0 0 1 0 0O 0 0 O

0O 0 1 0 1 1 1 1

0O 0 1 0 0O 0 0 0
A B

39
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Exercise

Find the DFT of the following image

o O O O
S N N
— A A
o O O O

40
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Exercise

Solution

8.0000 + 0.0000i
0.0000 + 0.0000i
0.0000 + 0.0000i
0.0000 + 0.0000

-4,0000 - 4,0000
0.0000 + 0.0000:
0.0000 + 0.0000:
0.0000 + 0.0000

CuuDuongThanCong.com

0.0000 + 0.0000
0.0000 + 0.0000:
0.0000 + 0.0000:
0.0000 + 0.0000

Image Transforms

-4,0000 + 4,0000i
0.0000 + 0.0000:
0.0000 + 0.0000:
0.0000 + 0.0000

https://fb.com/tailieudientucntt
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Image Transforms

Creat the function fft2_new.m to calculate Fourier transform of an

image

function G=fft2_new(g)
% G 1s fourier tranform of g

% Get size of matrix
M=size(g,1); % get number of rows

N=s1ze(g,2) ; % get number of
columns

9ocreate matrix U
%U (x,u)=exp(-1*2*p1*x*u/M)
% x, u run from 0 to M-1
U=[ |;
for x=0:M-1
for u=0:M-1
U(x+1,u+1)=exp(-
7 2*pr*x*u/M);
end
end

Nguyen Thanh Hai, PhD
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Creat the function fft2_new.m to calculate Fourier transform of an
image

%=================== %:::::::::::::::::::
% create matrix V % Fourier transform

%V (y,v)=exp(-j*2*pi *y*1/N) G=U*g*V;

% vy, v run from 0 to N-1

v=[;
for y=0:N-1
for v=0:N-1
V(y+1,v+1)=exp(-
J7*2*pry*v/N);
end
end

43
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Image Transforms

Creat the inverse function ifft2_new.m to calculate inverse Fourier
transform of an 1mage

function f=ifft2_new(F)

%f 1s invert fourier tranform of F

Vi =

%Get size of matrix F

M=size(F,1); % get number of rows
N=size(F,2) ; % get number of columns
Vi =

9ocreate matrix U
%U(m,p)=exp(-j*2*p1*m*p/M)

% m, p run from 0 to M-1

U=[ [;
for m=0:M-1
for p=0:M-1

U(m+1,p+1)=exp(-j*2*pi*m*p/M);
end
end

Vi =
Jocreate matrix V
PV (n,q)=exp(-j*2*pi*n*q/N)
%n, q run from O to N-1
V=[]
for n=0:N-1
for g=0:N-1
V(n+1,g+1)=exp(-}*2*p1*n*q/N);
end
end
Vi =
JFourier transform
f=1nv(U)*f*inv(V);

Nguyen Thanh Hai, PhD
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Test and compare two results on Matlab ff2 and ifft2

% Test and compare together G1 and G2, gl va g2
g=[0000;0110;0110;0000]

G1=f1t2(g)

G2=fft2_new(g)

gl=1f1t2(G1)

g2=11ft2_new(G1)

- MAGNITUDE(G) = SQRT( REAL(G)"2+IMAGINARY(G)"2)

*PHASE(F) = ATAN( IMAGINARY(G)/REAL(G) )

45
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Example 3.6: Consider the image g(x,y) shown in Fig. 3.3.
Calculate the 2D DFT of this image.

50 -
100+
150 -

> 2000

250

300+

350

Fig. 3.3: Image in the Fig. 3.4: Magnitude of
time domain the DFT of image
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Example:

E——
good - l
| SRR

o

Ao
300

Fig. 3.5: Image and Magnitude of the DFT
of image 1n 3D display
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Problems?
- Using Matlab

- Calculate
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The End
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