L. Yaroslavsky. Course 0510.7211 “Digital | mage Processing: Applications’
Lect. 7. Discreterepresentation of imaging transfor mations
The conformity principle between continuous and discrete signal transformations

Digital filtersb={b }=H-a= {z hk,nak} . Shift-inv. DF: b, =Y a,h,_, =Y h.a._,
Continuous and discrete impul se response and frequency response of digital filters:
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Boundary effects and methods for signal extension.
Discrete Fourier Transform as a discrete representation of the Fourier integral:
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Basic properties:
Cyclicity: e, = &(r)mod N 18 = &(k)mod N Symmetries: {iaN—k }c> {iaN—s} ; {ak =tay_ }c> {ar =tan }

Shift and convolution theorems: &, p)moan < @ exp(-i2arp/ N); {Z anb(—n)mod N } oVNa, B,
Sampling theorem: %a(,)mod N © 2 (ko bk = Lky + ky;
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Multidimensional DFTS: separability. 2-D DFT =fNZ_MZ a, expli2z(kr +1s)/NM).
Shifted DFTSs: ot =LN“§a Y explizak(r +v)/ N)exp(i2zmu/ N)
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Discrete cosine transform: DCT= SDFT,,, 0(ak = aZN_l_k); a = Z_ {” (k +'t/ 2)r j
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Discrete Sine Transform: DST= SDFT,, (a, =-ayy ,;a, =0): Nzla [ ik—ﬂmj
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Other orthogonal transforms. waish transform: «, _i exp[Zm ng KMo N 1om /2]
N k 0 m=0

Haar Transform: a, = Z(R""QN):2__;:::1k exp(27iK oy _rr 1 26(K]: ® F[2); R is index of the nonzero most

significant bit in the binary representation of r ; [k]., ][« are a binary numbers composed of R most
and least significant bits of the binary representation of k and r , respectively.

Problems for self-testing

1. Explain the conformity principle between analogue and digital signal transformations.

2. Derivethe general formulaof digital filtering in signal domain. What are continuous and discrete
impulse and frequency responses of digital filters.

3. From the Fourier integral, derive basic formula of DFT and demonstrate similarities and
dissimilarities between DFT and integral Fourier Transform.

4. Explain discrete sampling theorem and the optimality of signal discrete sinc-interpolation.

5. Derive and explain Shifted Discrete Fourier Transform and itsrelation to DFT.

6. Describe other orthogonal transforms and their relationships with DFT and its modifications.
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The conformity principle between analogue and digital signal transfor mations
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Typesof the DFT spectra symmetry for one and two-dimensional real-valued
signals



Centering DFT spectrum representation
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Discrete sampling theorem:

Discrete sinc-inter polation as a gold standard for convolution based discrete

iscrete sional

signal interpolation
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I mage spectrain different bases

fftshift(DFT spectrum) DCT spectrum

Walsh spectrum Haar spectrum




Comparison of image ener gy compaction capability of different transforms

Reconstruction error; Std_inpimg/std_err=31db

; A
DCT: Residual fraction of image spectrum 0.075

Reconstruction error; Std_inpimg/std_err=31 db

Walsh: Residual fraction of image spectrum 0.136

Haar: Residua fraction of image spectrum 0.125

Reconstruction error; Std inpimg/std_err=31 db

Reconstruction error; Std_inpimg/std_err=31 db




Comparison of image local spectrain different bases

Input image Image fragment

Image fragment spectra

DFT spectrum DCT spectrum

Walsh spectrum

Haar spectrum

CumsumSpectrum,DFT(0.038);DCT(0.02);W alsh(0.051);Haar(0.04CumsumSpectrum;DCT(0.02);W alsh(0.051);Haar(0.047)
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