Zpracovani obrazu

Honza Cernocky, UPGM
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Obrazky

« 2D — sedotonovy obrazek (grayscale)
* Nékolikrat 2D — barevne foto

« 3D - |ékarské zobrazovani, vektorova
grafika, point-clouds (hloubkova mapa,
Kinect)

* Video — dalSi dimenze je Cas
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Representace vzorku
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Operace nad pixely — jas plus

ylk,l] = x|k, 1] + const.
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Operace nad pixely — jas minus

ylk,l] = x|k, 1] + const.
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Kontrast plus

ylk,l] = x|k, 1] x const.
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Kontrast minus

ylk,l] = x|k, 1] x const.
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Co se spatnymi hodnotami ?

X[k,] <0 nebo x[k,l] > 1
* Nechat ...
 Klipovat:

ylk,l]] =0, pokud ylk,l] <0

ylk,l] =1, pokud yl[k,I] > 1
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Vyuziti statistik hodnot

« Histogram
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Ekvalizace histogramu
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Filtrace

signal filtr signal

Ukol ?

Ziskat novy signal s pozadovanymi
vlastnostmi.
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Filtrace — opakovani 1D

x(n)
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Filtrace — opakovani 1D
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Filtrace ...
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Okraj ? Treba nuly ...
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Koeficienty h[k,l]

Rikame jim

« Koeficienty

* Maska

« Konvolucni jadro ...

Chceme po nich
* Aby mely nejaky smysil ...
* Aby nemenily dynamiku signalu

SN Ik =1
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Bk, 1]
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Detektor vertikalnich hran
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Co se zapornymi vzorky ?

* MUzeme nechat tak pro dalsi vypocty ...

* Nebo vymyslet, jak je prevest do [0...1]
pro zobrazovani — napfr. absolutni hodnota
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Detektor horizontalnich hran
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Oboji dohromady ...
ylk A = lyo k. 1] + lyn k. 1]
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Odsumovani ...

* Maska 9x9, hodnoty 1/81 ... zoom
noise_low_pass.png

50

100

150

200
250

300

350

400

450

500 fi 500

100 200 300

300

400

500

27



OdsSumovani |l — medianovy filtr

y[kl} _— mediank:_lr?mf;lq [_J—l.__%ﬂf[k‘?jﬂ

* ZOOM noise_median.png
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Spektralni analyza

» Ukol:

Zjistit, co je v signalu na jakych frekvencich
* ProcC ?

— Vizualisace,

— Vypocet parametru (think of Facebook)

— Filtrace (prevod do spektralni oblasti a
nasobeni tam muze byt efektivnéjsi)

— Kodovani (think of JPEG)
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Opakovani — 1D

'U.H
0¥

« Cojevnem?

c= Z_: x[n)a[n]

n=>0
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Opakovani — 1D cosinoveé baze
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Problém s fazi — ,vina“ signalu muze zacinat

jinde nez v nule ...
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Tady dobre ...
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Tady take dobre ...
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« Jak to Zze nula, kdyz

sin(x) = cos(x — g)
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Komplexni exponencialy ...
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x[n]







X [A]

1D ultimate result - DFT

N-1
. k
— Z r[n)e”?* ™ " k=0...N—1

n=>0
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Ted konecne 2D

» Korelace = urCovani podobnosti =
projekce do bazi ...

 To uz jsme jednou videli, je to furt to
samy ... ANO, JE!
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Analyzacnl S|gnal =d.c. alkil=1
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Analyzacni signal — horizontalni
cosinusovka
k. 0] = cos(2m——|
alk. 1) = cos(2m 1)
* Meni se pouze v jednom smerul.

 Budeme potrebovat zobrazovat i zaporné
hodnoty
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Geeks: jak se toto dela v Matlabu ??
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Analyza pro
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2 X ryChlejél’ a{k[} — 005(271'1[)
. P 100
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1

| = cos(2m——
alk,l] = cos( ™00
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LI " A 4

2 X rychlejsi )
vertikalni cos
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Mix obou smeéru ...

3 7
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Zobecneni

—1L—-1

X|m,n] ZZT]{ZCOSPYTA

k=0 (=0

e M/K — svisla frekvence
 n/L — vodorovna frekvence

1
k+ —1
+L)
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Rozumne rozsahy frekvenci ?

 M/K an/L
0...% =>0K

> 15 => hm...

A

X[K, ]

Oa

K12V

X[k, ]

>
L/2
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Jesté o frekvencich ...

e 1D
1 #samples fskut k
Hz = g Fs — p fnorwz — QT"U f.sku.t — NFQ
e 2D
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Faze — opét problem ®
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ReSeni — komplexni
exponenciély (opét)

—1L-1

X[m,n] ZZ’zkl j|2m (R k+20)]

k=0 [=

Opakovani, co je co ...

 Kk,l jsou pocitadla pixelu (vstup)

* m,n jsou pocitadla frekvenci (vysledek)
 m/K je normalizovana vertikalni frekvence

* n/L je normalizovana horizontalni
frekvence
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Jak si to predstavit |.

—1L—-1

ZZTk e i2r(gh+1h)]
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Jak si to predstavit |I.

—1L—1

ZZT]{Z i2m(Fk+2D)] _

k=0 [=
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Zmena v obou
smerech...X[7,3]
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Zmena v obou
smerech...X[7,3]
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2D DFT pomoci 2 x 1D DFT

—1L—-1

X|m,n] ZZJ‘kZ T

k=0 [=0

K—1 L—1
9 mk — i nl
= E e I2T E x[k,lle 7™, ... nebo naopak
k=0 1=0

e takze
2DDFT{x[k, 1]} =
= 1DDFTsioupce {1 DDFT qaryx|k,l]} ... mnebo naopak
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2D DFT pro skutecny signal
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Neco s vice vyssimi
frekvencemi ...
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DFT produkuje K x L bodu !

X[K, ] X[k, ]




ely vysledek k=0...K-1, I=0...L-1
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http://www-personal.umich.edu/~hyunjinp/notes/n-dft.pdf

Preskladani ...

* Nizkeé frekvence uprostred
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x|k, l] =

1
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Y y‘ X[TTI-. ?’1}64—}'277( T?xfb 4 ?E! )
- v ;

m=0 n=0
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Hrani s frekvencemi ...
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DCT

ProC ?
« Komplexni koeficienty jsou otravne
* Symetrie v obrazku jsou otravné

* Pro obrazek K x L chceme K x L realnych
cisel.
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1D DCT
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2D DCT baze
on= 3 (B me[ (48] o+

fatel m 1 m 1
Z Z Try ny COS [ﬁ (nl + E) kll Cos [ﬁ (’.ﬂ-g + E) fs:g] :
n1=0 n2=0 1 2

. 5 u
= ” H
5] [s

s o
= =
&l -1
5 3
5 £
-
w T
|8
D E rm
= =
3 __
e

Zdroj:
https://en.wikipedia.org/wiki/Di
screte cosine transform#Mult
Idimensional DCTs
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https://en.wikipedia.org/wiki/Discrete_cosine_transform#Multidimensional_DCTs

Filtrovani v DCT
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Discrete

Cosine
Transform
(DCT)
RGB Y Cr Cb Conversion 2x8 Pixel Blocks ! !
f'MV
o3 Quantization
[_L,ﬁ.u.;j.L_A_i_i_f
DC and AC Separation Zig-zag Scan
¢ Huffman
DPCM  Run-Length .
. - Arithmetic Stant End
Gading Coding ‘:> Coding E> of Frame st of Frame

JFIF File Creation

o Zdroj: http://www.eetimes.com/document.asp?doc _1d=1225736
« Vice v grafickych pfedmeétech a 2. cvicCeni.



http://www.eetimes.com/document.asp?doc_id=1225736

SUMMARY

» Obraz je 2D signal
* Filtrace

— Konvoluce, analogie s 1D FIR filtry
— IR v obrazcich nepotkate

» Jezdim s maskou po obrazku, co pod ni
padne, vynasobim s koeficienty a sCitam.
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SUMMARY IlI.

* Frekvencni analyza 2D
— Stejné jako u 1D — projekce do bazi
— Obrazové frekvence maji svuj vyznam.
— Cos baze jsou dobre cvicCeni, ale nestaci

« 2D DFT

— Projekce/podobnost/korelace s komplexnimi
exponencialami

— Koeficienty jsou komplexni, modul a argument
— Ve vysledné DFT matici je spousta symetrii
— Ve spektru se da filtrovat.

79



SUMMARY lII.

e DCT
— 2X ,pomalejsi* baze nez DFT

7 u L aLD a4

— Produkuje realné koeficienty, nizkeé frekvence
(Jen!) na zacCatku
— VWyuziti v JPEG
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TO BE DONE

UrCeni frekvencCni charakteristiky 2D filtru
Jak je to presne se symetriemi 2D DFT ?

Jak je presné definovana 1D a 2D DCT a
proc je tam ten pulvzorkovy posuv ?

Jak je to s barvami (barevné modely, atd).

Jak funguje rozpoznavani xichtu na FB ?

— Hint:
https://research.facebook.com/researchers/68
4639631606527/yann-lecun/
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The END



