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. Gortnti Isleme ve Orlintii
Tanima: Matematiksel Temeller

Frank Y. Shih’in Yaklasimiyla Dontisiim Tekniklerine
Derinlemesine Bir Bakis

Laplace « Fourier « Z-Donustimu « DCT « Wavelet



[ki Diinya Arasindaki Koprii: Uzamsal ve Frekans Alanlari

Uzamsal Alan Frekans Alani
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Goz Plksellerinden Bir Kesit ; B
» Uzamsal Alan (Spatial Domain): Goruntuiyu olusturan pikseller toplulugu.

» Frekans Alani (Frequency Domain): Degisim oranlari.

Latin Modern Cyant Kenar Pikselleri > Yiksek Frekans
Latin Modern Math —— Nesne I¢ Bﬁ]geleri > Dﬁ$ﬁk Frekans
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Surekli Zaman Sistemlerinin Analizi: Laplace Donusumii

X(a) = /0 " a()e

» Karmasik Degisken:
S=0+ jw

e Lineerlik (Linearity)
e Zaman/Frekans Kaydirma

e Evrisim (Convolution) — Carpim

s-Plane
Imaginary jw

CEL
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Spektral Analizin Temeli: Surekli Fourier Donusumi

X(w) = / z(t)e i@t ds

0.9

e 7% = cos(wt) — jsin(wt)

Temel frekans bilesenlerinin toplami ile sinyal
temsili. Karmasik ustel fonksiyon (complex

exponential) baz fonksiyonudur.

Uzamsal vs. Frekans Alani
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Uzamsal Alan Frekans Alani (Magnitude)

Lineer Filtrelemenin Temeli: Evrisim (Convolution)
fxh<+< F(w)H(w)

Zaman alaninda evrisim, frekans alaninda ¢arpima

karsilik gelir. (Convolution in time domain

corresponds to multiplication in frequency domain.)
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Dijital Diinyaya Gecis: Ayrik Fourier Dontusimu (DFT)

1D Definition
Bilgisayarlar surekliligi isleyemez.
Ornekleme (Sampling) sarttir. ‘ \
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Algoritmik Optimizasyon: Hizli Fourier Donusumu (FFT)

DFT: O(N?)

Yuksek hesaplama maliyeti.

FFT: O(N log, N)
Bol ve Yonet (Divide and Conquer).

"OAO

Gergcek zamanl gorunti
islemenin motoru.
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Ayrik Sistemlerin Kararliligi: Z-Dontisimi

| Unit Circle
2| =1

X(z) = i z(t)z 71"

- Dijital filtrelerin kararhlik analizi.

. 2z = 32/ oldugunda
Z-Donusumu — Fourier Dontusumu.




Goriintii Slklgtlrma, Standard::
Ayrik Kosiniis Dontigimii (DCT)

Enerji Sikistirma
(Energy Compaction)

Original Image | DCT spectrum

e JPEG sikistirmanin temeli.
e Sadece REEL (Gergel) sayilar kullantlir.
e Yiuksek frekans detaylari (sag alt kose) atilarak sikistirma saglanir.




DCT’nin Matris Gosterimi ve Blok Isleme

F=MfMT

e £:8 x 8 piksel blogu
o M:Donlusim Matrisi
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Uygulama: JPEG, MPEG, JVT Standartlari.
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Fourier’in Smirlarma Asmak:
Dalgacik (Wavelet) Dontistimii

Fourier: Sonsuz Sire (Zaman bilgisi yok)

/\ﬁ ;\/“«b \ g (Y ) " \ \J f\dﬂ \/\j

| Wavelet: Yerellestirilmis
(Zaman ve Frekans)
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e Sorun: Fourier 'ne’ oldugunu soyler, ‘nerede’ oldugunu sdylemez.
» GOzUm: Uzay-Frekans Ayristirmasi. |
e s (Dilation): Olgekleme. t (Translation): Oteleme.
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En Basit Dalgacik: Haar Ayrik
Dalgacik Donusumu (DWT)

>

e Alcak Geciren (Low-Pass):
Ortalama (Yaklasim)

> >

 Yuksek Geciren (High-Pass):
Fark (Detay/Kenar)

Ortogonal, simetrik ve kenar algilamada etKili.




Uygulama Ornegi: 4x4 Haar DWT Hesaplamasi

al

a2

ad

a4

— .

—_—

aod

ab

a’l

ad

b1

b2

b3

b4

a9

alO

all

al2

b5

b6

b7

b8

al3

ald

ald

al6

b9

b10

b11

b12

Original image

b13

bl4

b15

b16

Calculation on rows

bl = (al +a2)/2
02— (a3 +ad) 72
b3 = (al — a2) /2
bd = (a3 —ad) /2
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Calculation on col

UITIS

cl = (bl +b5) /2

c5 = (b9 + b13) /2
c9 = (bl — b5) /2
cl3 = (b9 —b13) /2
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Karsilastirmali Ozet: Hangi Doniisiim
Nerede Kullanilir?

Laplace / Z- Sistem Kararliligi & Analog/Dijital
Donusumu Filtre Tasarimi Devreler
Fourier (DFT) Spektral Analiz EL ol liiE G

(Zaman bilgisi yok)

JPEG, MPEG

DICT Enerji Sikistirma (Reel Sayilar)

Coklu Cozunurluk — JPEG2000,

Wavelet (DWT) (Multi-resolution)  Kenar Algilama




