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Joint Source-Channel Coding Bit Rate Allocation
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Joint Source-Channel Coding Bit Rate Allocation

i End-to-end distortion D
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and use or not of cooperation to

@ Want to find best choice of Rg,T

minimize end-to-end distortion .«

W Dbits per
transmission period.

Criteria used to obtain best end-to-

. end performance in conversational

multimedia systems.
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Joint Source-Channel Coding with User Cooperation
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Joint Source-Channel Coding with User Cooperation
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Interdependencies in Joint Source-Channel Coding
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Interdependencies in Joint_Source-Channel-Cooperation
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The Source-Channel-Cooperation Tradeoff Problem

Assumption: Signal is conversational; i.e. there is an strict delay
constraint that prevents use of ARQ. Packets with errors need to be
dropped.

Assumption: Each call uses a channel that delivers W bits per
transmission period (constant number of bits).

Assumption: Low mobility scenario, the channel is quasi-static fading.

Assumption: Perfect knowledge of the channels (based on quasi-static
channel assumption and also as study approach to decouple channel
estimation errors from results).

System setup overview:

i End-to-end distortion D
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| Source Channel ) Front End Receiver —
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Coding rate Rg Rate 7° cooperation
(adaptable) (adaptable) VW bits per

transmission period.
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Encodes source: guantization and compression.
Coding rate: Rg (bits/sample)

- adaptable

Distortion: Added by compression
- measured as mean-squared error

- f

requently modeled as:

Dg(Rg) =1 D—c2ftg,

This function can be used to approximate or
bound many practical, well-designed codecs.



Dizstortion
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(5 For a generic source:

Assume that the input samples are memoryless,
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Speech Codec
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Video Codec
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Channel Codec
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Problem Setup

Source Channel Radio -
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Adds redundancy to combat channel impairments
Rate: 7" (adaptable)
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Probability of a decoding error: Pe(d"‘)/) — 5 erfc\/d_fy

Number of bits with errors

Probability of having a source frame with errors after channel decoding :

P(y) <1-—
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1— ) (a(d)Pe(dly)

N R

Number of error events with Hamming distance d

Free distance: smallest Hamming distance between two different

codewords.



Analysis of Source-Channel-Cooperation Performance
Approach:
First characterize the end-to-end distortion as a function
of SNR: the D-SNR curve.
Use D-SNR curve to compare the performance of
different schemes.

End-to-end distortion is formed by:
Source encoder distortion: depends on the source
encoding rate)
Channel-induced distortion: depends on the channel
SNR, use of cooperation, channel coding rate and error
concealment operations.

Best adaptation to the known channels SNRs is achieved by
jointly setting both the source and channel coding rates so as

to minimize the end-to-end distortion (while not exceeding W).



Operating Mode

Define Operating Mode:
Tnplet & = {Rg, r, cooperation yes/no}

Since % — Vs (with cooperation)
T

w = VEs (without cooperation)
-

Operating mode can be specified as

2; = {r,cooperation yes/no}

; = {Rg,cooperation yes/no}



Problem Setup
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The D-SNR function for AF cooperation is the solutions to:
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Problem Setup - AF Cooperation
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The D-SNR Curve

@ Next: want to find a closed form expression for the D-
SNR curve.

@ Using Information Theory is not the best way if we
want to consider delay constraint and limited

processing power.



The D-SNR Curve - AF Cooperation (WLOG)

@ Examining the problem in more detail:
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The D-SNR Curve
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The D-SNR Curve

@ Examining the problem in more detail:
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Characterizing the D-SNR Curve

@ Approach — Focus on selected set of points:

a
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@ Mathematically:
D= (14 A)Dg($2) = DpParg (Yar) + Ds(€2)(1 = Parg, (var))
A
= PArg, (Var) = —p;
Dg(€2;)

1



Characterizing the D-SNR Curve - RCPC Codes Case
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Characterizing the D-SNR Curve - RCPC Codes Case

A
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Probability of an error event with Hamming distance d

Number of error events with Hamming distance d

Free distance: smallest Hamming distance between two different
codewords.




Characterizing the D-SNR Curve - RCPC Codes Case
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Characterizing the D-SNR Curve - AF Cooperation
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Characterizing the D-SNR Curve - DF Cooperation

D-SNR Curve given by:

Doprp = Qngsi?n(p) {PrPpr, (7pr) + 2—2hsc(1 - Ppr, (7DF))}

Pprg, (\pr) = Po,(ypr|V)Po,(V) + Po,(vpr|WV) Pq,(W)

Py, (Ysa + ¥ra) (1 = P, (vs1) ) + Py, (vsa) Pe, (vsr)

Three cases to analyze:
a. “Good” source-relay channel the source frame error
probability.
b. “Bad” source-relay channel the source frame error probability.
c. Channel states are such that there is no solution

Ppro, (Y\DF) = —p




Characterizing the D-SNR Curve - DF Cooperation

“Good” source-relay channel the source frame error probability:
Ppro (YDF) & Po,(Ysa + vra) for most operating modes.

D= (14 A)Ds($2;) = DpPq,(vsa + ¥ra) + Ds(S2:)(1 — P, (Vsa + rd))

[ Dopr = (Ge(vgq + ’Yrd))_lomc J

“Bad” source-relay channel the source frame error probability:
Ppr,, (7pr) ~ Po,(7s4) for most operating modes.

[ Depr = (Geygg) 10 }




Characterizing the D-SNR Curve - DF Cooperation

Channel states are such that there are no solutions to:
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Characterizing the D-SNR Curve - NoCooperation

Channel states are such that there are no solutions to:

A
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DS(QZ)
| B Dp _ah—1
’Y!cllnlo Porg,(0r) = A(DS(Qz‘) Y
- — N
D, ~ 2 2isc
1 A

R = — 109 1+ = |
- SC T TR ( 1—[1-— %erfc(\/ﬁ: exp ( — %ﬁ)%d)]NRSC)/




Characterizing the D-SNR Curve - No Cooperation

+ Total Transmit Bit Rate >
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Characterizing the D-SNR Curve

Channel encoder:
RCPC: Memory 4, puncturing
period 8, mother code rate %a.
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Characterizing the D-SNR Curve
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Effects of Cooperation on the D-SNR Curve
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Effects of Cooperation on the D-SNR Curve

Also:;:

—1/(10my, 21og(4)R
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Effects of Cooperation on the D-SNR Curve
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@Thereis arange of values of 7sd for which it is better not to use
cooperation and arange of values for which it is better to use
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Effects of Cooperation on the D-SNR Curve

4 mN/mc%2 GCdB>GNdB A

@Thereis arange of values of 754 for which itis better not to use

cooperation and arange of values for which it is better to use
\_ cooperation. )
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Effect of Source Codec Efficiency

Ds(Rs) = 2_2(1_)\)R5 — Q_XRS 5\ = 2(1 — )\)

@ my and ™¢c change with A approximately in a linear
fashion.

101 T T T T T ; T 101
Mamory-dcodas .......................................... .;_...._._ 2
................... Increasingy . | . . e ]
'.'c_l : = - DU SRUSRIN
= - 110°
Q‘ ngsenrians ann s snnr L AN N RN R R E R R R R R
T~ I I e R e I I
Oy oo circle = AF - Sy
Q o2 , . . . cross — DE g , , , , | __cross= DF
2 -8 -6 -4 -2 0 2 4 6 -8B -6 -4 -2 0 2 4 ]
I Source—Destination SNR, y__ [dB] , Source-Destination SNR, v_, [dB]
= 0 T T T = T 10 :::::::::::':::::::::::':::::::::::!:::::::::::':::::::::::':E5:E::_.'::Z:"l.'_—_-cﬁ'?'f':::::f
2 B
S
o
(]

10_2 ........... e S e S o & FOE,S ~DE 1 L LA , , , , , CI'C‘ISS — DF
-8 -6 -4 -2 0 2 4 B D-a -6 -4 -2 0 2 4 6
Source—Destination SNR, y_, [dB] Source-Destination SNR, v__, [dB]
Good source- Bad source-

relay channel relay channel



