VECTOR QUANTIZATION (VQ)

Introduction

Consider an arbitrary fixed-rate lossy source code that operates independently on
blocks (vectors) of k real-valued samples: k samples into encoder, L bits out

samples bits reproductions

X1...Xk 21..2| Y1...Yk
) )

e source coder = encoder + decoder

» encoder and decoder are described by functions called encoding rule and decoding
rule, respectively

* the sets of all possible encoder outputs and all possible decoder outputs play
important roles

* the patrtition induced on space of k-dimensional input vectors plays an important role

 alossy source code that operates independently on fixed-length blocks, producing
fixed-length blocks of bits is called a

fixed-rate (memoryless) vector quantizer (VQ)

« fixed-rate VQ is a very general paradigm that includes many lossy source codes as
special cases, e.g. fixed-rate transform coding. Since it is quite generable and also
analyzable, it provides an excellent framework for studying lossy source codes.

» JPEG has variable, not fixed, rate. Except for the encoding of dc coefficients, it
operates independently on bocks of 64 pixels. (It's a variable-rate VQ with memory.)

1
samples bits reproductions
X1...Xk Z1..2 Y1...Yk
L a2
KEY CHARACTERISTICS (high-level, input-output)
Dimension: k (Quantization) Codebook:
Encoding rule: e: RC . {0,1}" C = {d(ci1),d(c2), ..., d(cm)}
Z1...Z2L = e(X1...XK), = {wi1, wo,...,wm}
Zi+1...221 = e(Xk+1...X2k), where w;j = (wi1,...,Wik) = ith codevector
ZoL+1...Z3L = e(X2k+1...X3K), ... (code/reproduction, vector/point)
Binary codebook: Quantization rule: Q: Rk - Rk
Cp={e(x): xO Rl} = {c1, C2, ..., Cm} Q(x) = d(e(x)) = reproduction produced

by decoder for x
(Quantizing) Partition: S = {S1,S2,...,Swm}
where Sj = {x [ R: e(x) = ci}
X OR Q) =wj}
ith (quantizing) cell

where ¢j = (ci1, Ci2, ..., CiL)
= ith binary codeword
Size of code: M
Decoding rule d: Cp - R
Y1...Yk=d(Z1...2)),

_ A partition of R"is a collection of disjoint
Yi+1... Yok = d(ZL+1...Z21), ( L

et Y2k = A(ZLr- . Z21) subsets of R“whose union is R The
Y2kt1... Y3k = d(Zat+1...Z3L), - elements of the collection are called cells.)
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