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INTRODUCTION

State of the art:
Lack of spatial regularity of the quantized imadéax, 60] [Lloyd, 82]
Proposed algorithm:

natorial optimization techniques.
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An optimization approach involving a novel two-step, iterative, flexib
joint quantization-regularization method featuring both convex andocom
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Original Lloyd-Max Proposed

p=2,1=Ild, ©1=400

Entropy = 0.84 bpp Entropy = 0.56 bpp

PROBLEM

Goal of algorithm:
e Find r - the set of) quantization values-, . .., ro.
¢ Assignr; to each image positiofn, m) in anoptimal way.

Notations:
e f - an original Image of sizé&/ x M
oD -apartitionof {1,..., N} x{1,..., M}, D = (Dy)1<k<0
eip - alabelimageip(n,m)=%k <& (n,m) e Dy
g, - aquantized image.

L loyd-Max quantizer:

mlnlmlze w(Qip,rv f)
1p,T

© - Some measure of data fidelity

Proposed quantizer:
o Cg, - a closed convex con€g = {(s1,...,sg) € RY | s <--- <50}

mlnlmlze QO(QiD,Ta f)
1p,T

p - a measure of smoothness, eagisotropic TV defined as:

plin) = p( 0 Say tllin(n +1,m) — ip(n,m)|) +
Yol S lin(nom + 1) —ip(n,m)))), 20
Evaluation criteria:

e SNR [dB]
e Shannon entropy of order (2,2) [bpp]
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ALGORITHM

Chose the number of quantization levéls

Initialize r" € Cg
Step 1: Find i, minimizing (q;, .+, ) + p(ip)
Step 2: Find 7' minimizing ¢(q; ,. f) s.t. 7 € Cq

Energy minimization achieved by repeating Steps 1 and 2 in the loop.
J

_ +00 if 1, =«
g C([@v UD — -
o(r; , f(nyg,my,)) otherwise

c(la, u]) = @(ra, fnu, ma))

C( u, t{u v}]) — w(hu — O‘D
Image above: ([tpupy, v]) = (o —10]) iy #4,
nodeu belongs to labet; c(la tuwy)) = Y(Jiu = d))
{v,w} belong to labek; c(lu,v]) = Y(|iy — al) if iy, :y
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Noisy

Original Proposed
Gaussian p=2,1=Ild, ©1=500
SNR=11.4dB SNR =16.3dB

Entropy = 0.68 bpp
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OPTIMIZATION
Step 1.

¢ ;p belongs to a nonconvex set of discrete valsesonconvex problem
= use ofcombinatorial optimization methods

e p anisotropic TV = graph-cuts : Ishikawa like frameworKlshikawa
et al., 99] or a-expansion algorithniBoykov et al., 01]

| shikawa-like framewor k for convex functionat):

e l|abels, take values froni to ¢

e capacity of data edge for node;: o(r,, f(n;, m;))
e capacity of penalty edgesg:

a-expansion for submodular functionap:

ip(ny, my,) for nodeu is denoted by,

Step 2: If (-, f) is convex, the determination of V) giveni'! is a conic
constrained convex optimization problem.

{y-norm: e € Argmind2 S0 mepl Wil e = f(n,m)P,p > 1
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Solution: proximal algorithms [Combettes and Pesquet, 201B] STA
[Beck and Teboulle, 09]




