Optimal Mappings for Joint Source Channel Coding

source encoder V. @ j} :decoder ;recons}ructlon

noise
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X : m-dimensional source

y . k-dimensional channel symbol

n . k-dimensional noise, independent of X

g(-) : R™ — Rk  h(.) : Rk — R™

Aim: Minimize MSE ( E(|x — X|?)) subject to average
power constraint P(g) < P over g and h.

k > m — bandwidth expansion

k < m — bandwidth compression

Suboptimal Example Mappings
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Figure: Example mappings for Gaussian source-channel

Shannon 1949, Kotelnikov 1959, Chung 2000, Hekland
2005, Floor 2009

Solution

For a fixed encoder g(-) , optimal decoder in terms of

Known quantities, is
[ % fie(x) fu[§ — g(x)] dx

h(y) = -
[ (X)) — g(x)] dx
For a fixed decoder, the optimal encoder minimizes

J(g9) = D(g9) + AM{P(g) — P}

over the mapping g(-). Necessary condition: VJ(g) = 0

Emrah Akyol, Kenneth Rose, Tor Ramstad

Main Result

For any given communication scheme to be optimal, the
following conditions should be satisfied by encoder ana
decoder

9(x)= £ [ W(90)-+m)lx—h(g(x)+n)]fu(m)dn

- x#x(x) in[y — g(x)] dx
") =T ) fnly — 9(x)] dx

__ 0D(g)
where \ = 9P(q)

P(g)=P

Algorithm

lterate encoder-decoder updates till convergence
Encoder equation is not in closed form
gradient descent search :

di+1(X) = gi(x) — uVJ(9)
Jinit(+): previously proposed suboptimal mappings

Example Scalar mapping

Consider the Gat(Jsg)izan mixturze source with distribution

) : :
fu(x) = 2\}27.{(9 2 2} and unit variance
Gaussian noise.

As intuitively expected, the encoder and decoder pairs are

close to locally linear.

Figure: Example mappings for GMM source, Gaussian channel

Results-Scalar mapping

We compare the performance of the proposed mappings
to the linear encoder and optimized decoder

Cormnparative Results for 1:1 Mapping, GMM source, Gaussian channel

Figure: Comparative results for 1:1 (scalar) mappings, GMM source,
Gaussian channel
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Figure: Comparative results for 2:1 mappings, Gaussian source,
Gaussian channel

Results 1:2 mapping

1 1
—— Prior work [spiral)
—+— OnlyDecoder optimized spiral
——— EncoderDecoder Optimized (Proposed) ||
—+—OPTA

25

Figure: Comparative results for 1:2 mappings, Gaussian source,
Gaussian channel




