EE 4211 Computer Vision

Lecture 3A: Image enhancement (Frequency)

Semester B, 2021-2022



Schedules

Week |Date Topics
1 Jan. 11 (face to face) | Introduction/Imaging
Jan. 18 (online) Image enhancement in spatial domain
3 Jan. 25 (online) Image enhancement in frequency domain (HW1 out) publish online on Jan.
26 noon.
4 Feb. 8 Morphological processing
5 Feb. 15 Image restoration (HW1 due)
6 Feb. 22 Midterm (no tutorials this week)
7 Mar. 1 Edge detection (HW2 out)
8 Mar. 8 Image segmentation
9 Mar. 15 Face recognition with PCA, LDA (tutorial on segmentation)
(HW2 due)
10 Mar. 22 Face recognition based on deep learning
Image segmentation based on deep learning (tutorial on detection)
11 Mar. 29 Object detection with traditional methods (Quiz)
Object detection based on deep learning
13 Apr. 12 Invited project presentation and Summary




Project information

" Topics: Image segmentation and object detection

" Four students form a group (file sharing, finalized before Mar. 8)

https://docs.google.com/spreadsheets/d/1b9LiFO4XwFJCpn-
eZOOUU18IEQRobP4cRclid1JtZIl/edit?usp=sharing

" Images: will be provided through Kaggle and Kaggle link will be published
Mar. 8

®  Codes:

= Basic codes including the traditional ones and deep learning ones will be provided.
= Please modify these codes to achieve better performance

" Submission and Evaluation:
= Codes and reports should be submitted
= Report writing(will illustrate the writing in tutorial session), results

= Excellent ones will be invited to present their work in the last lecture and get extra bonus for
the marks


https://docs.google.com/spreadsheets/d/1b9LiFO4XwFJCpn-eZOOUU18IEQRobP4cRcJid1JtZlI/edit?usp=sharing

Spatial Domain vs. Frequency Domain

® Spatial Domain (image plane)

= Techniques are based on direct manipulation of pixels in an image

" Frequency Domain

= Techniques are based on modifying the spectral transform (in our
course, we'll use Fourier transform) of an image

" There are some enhancement techniques based on various
combinations of methods from these 2 domains



Spatial Domain Topics

" Point processing — Gray values change without any
knowledge of its surroundings (Part 1)
» Log (spectrum), power-law, linear (choose suitable transforms)
* Histogram Equalization (pdf->cdf->transformation) (calculation)
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Spatial Domain Topics

" Neighborhood processing — Gray values change depending
on the gray values in a small neighborhood of pixels around
the given pixel (Part Il)

= Smoothing filters
= Median filters
= Sharpening
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Spatial Domain Topics

01010 01110 0]1-1]10 Has clear physical meaning:
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Spatial Domain Topics
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What is a Transform?
" Transforms are decompositions of a function f(x) into some
basis functions ®(x,u)

" Fourier's Idea in 1807: Periodic functions could be
represented as a weighted sum of sines and cosines
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The right one can be represented by a weighted sum of the left ones



1D Fourier Transform

® Forward Transform

F(u) = /_O:O f(z)e "™ dg

® |nverse Transform

flx) = /_0:0 F(u)e’™ du
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Discrete Fourier Transform (DFT)

" The Fourier Transform of a discrete function (DFT) of one
variable, f(x), x=0,1,...M-1, is given by

F ) = — X e—L,f2JZ?fx,-"_-M"
() =— ;f (x)

® The Inverse DFT is
M—1

f‘(x) — ZF(H)QLJZEWLH

=0
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Discrete Fourier Transform (DFT)

® The Euler's formula:

9 .
e’ =cosf+ jsinf Fay=-L 3 fx)erm
M x=0

® By substituting the Euler formula, we can write the DFT as:

M-
F(u) = L‘L{ Z f(olcosRrux/M)— jsin(2rux/M)]

" The domain of values of u is the frequency domain
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® Reminder transform pair — definition

F(u) = /_O:o f(z)e %™ dg
f(z)

" Example

1, |z < %,
f(m)_ {0’ |:L‘| b %

Example: 1D FT
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Example: 1D FT

)= {

1, |z| < —%,
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2-D Fourier Transform

1-D Fourier Transform

f(:b‘) =

=/
/_

o0

f —327ru:r dr

F (u)e’ 2T g

® Forward Transform

o0 o0 .
Fluv)= [ [ flz,y)e =) dg dy

® |nhverse Transform

)= [T

(u,v) 672“ uz+vy) day doy
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Important Fourier Transform Pairs

rectangle centred at origin
with sides of length X and Y

When X is larger than Y, then the
value

F(u,v) :fff(a:,y)e_ﬂ“{““’+""y)d:cdy, f(x,y) |F(M,V)|
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= J_xp® dﬂff_y,.ze dy, separability

e—jlz’.rr-rm: X/2 e—j‘zm.-'y Y/2
N [—ijJ [—j?wv] ’

Y2

—X/2
= 1 [e—qu o equ} 1 [e—ji:y o ejf,.'Y]?
—72mu —727v
sin(mXu)| |sin(2rYv)
= XY
mXu ] [ Y v

= XYsinc(mXu)sinc(mYv). ‘F(U,V)| 16



Important Fourier Transform Pairs

1/X

J(x.y) F(u,v)]

1/Y
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Important Fourier Transform Pairs

fz,y) = d(z,y) = 0(z)d(y)

F(u,v) //5(:1:, y)e_ﬂ?‘_(um+w) dxdy

= 1
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2-D Discrete Fourier Transform

" The Fourier Transform of a discrete function (DFT) of two
variables, f(x, y), an image of size MxN, where x=0,1,...M-1
and y=0,1,...N-1 is given by

1 M—-1N-

1
F'(Hj V) —_— Z f(x, v)e—_f2??(::.\2="M+17.-.-" N)
| MN

x=0 y=0

® The Inverse 2-D DFT is

M-1IN-1

f("C 1;,,) — ZZ F(H V)ej2}:!'{Hx..-"'ﬂ»f+1_T..-"'N]

u=0 v=0
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2-D Discrete Fourier Transform

F(U,V) — R(u, V) ‘|‘j](7/l,V) — ‘F(M,V)‘ej¢(Ll’v)

" Fourier Spectrum

|F )| =[ R @)+ P

® Phase

d(u,v)=tan™ [M}

R(u,v)

" Power Spectrum

P(u,v)= |F(u,v)|2 =R*(u,v)+ 17 (u,v)
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2D DFT Example (1)

® Calculation

co

H(u,v): Z Z h(x’y)e-jzn(xu+yv)

X=—0co y=—00

= h(0,0) + h(—1,0)e/2™ + h(1,0)e /2™ + h(0, —1)e/2™

+ h(0,1)e /2™ by
1/6
:1+1€jznu+1€—jznu+1€j2nv _l_ie—jzn:v .
300 6 6 6 /6 |13 16

1 1 1 1/6
:§+E- 2cos2mu +E- 2cos2mv .

1
=3 (1 + cos2mu + cos2nv)

21



2D DFT Example (2)

0.075 0.124 0.075
h(x,y) =0.124 0.204 0.124
0.075 0.124 0.075.

H(u,v) = 0204 +0.124 - 2 -
cos2ntu + 0.124 - 2 - cos2mv + 0.075-
2 -cos(2mu + 2mv) + + 0.075- 2 -
cos(2mu — 2mv)



Example of Fourier Transform Spectrum

" |In Matlab, the relevant functions for 2-D DFT are
= fft2: take the DFT of a 2-D matrix
= fft2: take the inverse DFT of a 2-D matrix
= fftshift: shift a transform to place the coefficient in the center

Rectangle Fourier Spectrum

%% phase and magnitute

clc;

clear;

close all;
Il=imread('rectangle.tif'");
Fl=£fft2 (I1):

F2=fftshift (F1);

Sl=abs (Fl) s
S2=abs (F2) ;

Centered Spectrum Enhance Spectrum 53= log(l+ abs(F2)):

subplot (2,2,1);imshow(Il);title ('Rectangle’);

subplot (2,2, 2);imshow(S1, []);title('Fourier Spectrum'):;
subplot (2,2, 3);imshow(S2, []):title('Centered Spectrum'):
subplot(2,2,4); imshow(S3,[]); title('Enhance Spectrum'):




Example of Fourier Transform Spectrum

Edges and shape transitions in gray values in an image contribute
significantly to high-frequency content of its Fourier transform

The boundary of spectrum represents high frequency information

Regions of relatively uniform gray values in an image contribute to low
frequency content of its Fourier transform

The center of spectrum represents low frequency information
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Example of Fourier Transform Spectrum

" Translation will not change spectrum, but change the phase
" Rotation will change spectrum and the phase

" The zero crossing of the spectrum is closer in the vertical direction
because the rectangle is longer in that direction

%% translation and reotation
Il=imread('rectangle.tif');

rectangle rectangle translate rectangle rotate 90 degree rectangle rotate 45 degree  figure;

subplot(3,4,1);imsheow (I1) ;title('rectangle');

12=FFt2(I1);
spectrum =fftshift (12);
/ temp= log(l+ abs(spectrum) );
phase=angle (I2);
subplot (3,4,5);imshow (temp, []);title('FFT");
subplot (3,4, 9);imshow (phase, []);title('phase’);

se=translate(strel(l), [300 300]):
Tl=imdilate (I1,se);
subplot(3,4,2);imshow(T1) ;title('rectangle translate');

I2=fft2(T1);

spectrum =fftshift (I2);

e ¥ temp= log(l+ abs(spectrum) );

phase=angle (I2);

subplot (3, 4, 6) ; imshow (temp, []) ;title ('FFT') ;
subplot(3,4,10);imshow (phase, []1);title ("phase');

5 R1 = imrotate(Il,-90, 'bilinear', 'crop'):
R1 = imrotate(Il1,-90);

I2=fft2(R1):

spectrum =fftshift(12);

temp= log(l+ abs (spectrum) ):
phase=angle (12);

subplot(3,4,7); imshow(temp, []);title('FFT')
subplot(3,4,11); imshow(phase, []) ;title('phase');

Rl = imrotate(Il,-45,'bilinear', 'crop');

subplot(3,4,4);imshow(R1l) ;title('rectangle rotate 45 degree');

subplot (3,4, 3):imshow (R1l) :title('rectangle rotate %0 degree'):
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Example of Fourier Transform Spectrum

‘woman

rectangle

%% FFT

clcy

clear;

close all;

Il=imread('woman.tif");

subplot (2,2,1);imshow(I1);title ('woman');

I2=fft2(I11);:

spectrum =fftshift (I12):

temp= log(l+ abs(spectrum) ):

subplot (2,2, 2);imshow(temp, []);title('FFT");

Il=imread('rectangle.tif'):
subplot (2,2, 3) ;imshow (Il);title('rectangle');

I2=fft2(I1);

spectrum =fftshift (I2);

temp= log(l+ abs(spectrum) ):
subplot(2,2,4); imshow(temp, []);title('FEFT")
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Example of Fourier Transform Spectrum

" High frequencies correspond to small image detail, shape edges.
" A shape edge will result in high energy perpendicular to the edge.

square1 square2 circle1 circle2

Spectrum of square1

%% square and circle
Il=zeros(256,256) ;
11(78:178,78:178)=1;

I2=zeros (256,256) 7
12(118:138,118:138)=1;

[x,y]=meshgrid(-128:127,-128:127);
z=sqgrt (x.72+y."2)+

13=(z<45);
14=(2z<15);
figure

Spectrum of square2 Spectrum of circle1 Spectrum of circle2 subplot (2, 4,1), imshow (I1, [
subplot (2, 4,2), imshow (12, [
subplot (2, 4, 3), imshow (I3, [

[

subplot (2,4,4), imshow (14,

1), title('squa
1), title

subplot (2, 4, 5), imshow (log (abs (f‘ftshift(fftZ (I1)))+1),[1),title('Sp
subplot (2, 4, 6) , imshow (1og (abs (£ftshift (££t2(12)))+1),[]),title ('
subplot (2, 4,7), imshow (log (abs (fftshift (F£t2(I3)))+1), [1),title ("¢
subplot (2, 4, 8), imshow (abs (fftshift (££t2(I4))), []), title ('Spec

- -
TTTII (LI0
-
-

L
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Example of Fourier Transform Spectrum

" The longitudinal periodic changes in the spatial domain are reflected
on the X-axis of the spectrum

" The periodic change across horizon in the spatial domain is reflected
on the Y-axis of the spectrum

image image image image

%% direction
blacksv 2
Isize
Iblackwhite = zeros(Isize):
Iblackwhite(l:Isize/2,:) = 1:
figure;
st (2,4,1) ;imshow (Iblackwhite); title('image');
5 (2,4,5);imshow (log(abs (fftshift (fft2 (Iblackwhite)})+1));title('spectrum');
Iwhiteblack = zeros(Isize);
whiteblack(:,Isize/2:e il
g e c

+4,2) ;imshow (Iw

u o

su t(2,4,6) ;imshow (log(abs (fftshift (£ft2 (Iwhiteblack))})+1));title('spect Bk
—__> lackewhite triangle

Hanning = hann(Isize)*hann(Isize)':

ItriangleUpper = triu(ones(Isize),0);:

r.*Hanning;
leUpper); title('image'):
hift (fft2 (ItriangleUpper)))+1));title("'spectrum’

Y

spectrum

(2,4,7);imshow (log (abs (£

spectrum spectrum spectrum

the L t ¢ 1trix
ItriangleUpperMirror = fliplr(triu(ones(Isize),0));
ItriangleUpperMirror = ItriangleUpperMirror.*Hanning;
je (2,4,4);imshow (I gleUpperMirror); title('image');
s ot (2,4,8) ;imshow (log (abs (fftshift (£ft2 (ItriangleUpperMirror)))+1)) ;title( spectru
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Example of Fourier Transform Spectrum

" The closer in the center of the spectrum, the lower the frequency in spatial domain
(slower changes in the spatial domain)

"  The farther in the center of the spectrum, the higher the frequency
"  The changes of gray values are faster, then the spectrum are higher

Med-freq. sinewave Hig-freq. sinewave
%% specturm and frequency
Leng f signal
.
FsL 00; FsHigh = 1000;
Ind ow, L) ;
Ind id,L);
Ind High, L) ;
b
Sin W) ;
Sin d) ;
sin igh) ;

Spectrum of Low-freq. sinewave Spectrum of Med-freq. sinewave Spectrum of Hig-freq. sinewave f:‘

repm W, [T, 11) 7
repm d, [L,11) 7
si 11)
Win
5 ow
dow
Wind
)
M, )
sub by
suby ))+1
subplot(2,3,5),imshow (log (abs (fft t (fft2 (SinewaveMwindowed)) )+

Low-freq. sinewave

29



Practice question 1

7

(a) (b) (c)
o
o
o ®
®
(e) (f) (9)

a-h b-e cg d-f



Practice question 2

Match the spatial domain image to the Fourier magnitude
image
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