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We Do NOT Need Source-Channel Matching

. . . or so says Shannon in Information Theory

• Source and channel coders can be optimized separately
without loss of overall performance.

• Shannon’s Separation theorem has certain prerequisites.

– System with infinite delay.

– Point-to-point transmission.

• Practical situations involve finite-length codewords, multi-
path fading, broadcasting environment, etc.



Joint Source-Channel Matching

Source Rate
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• Increasing source rate leads to less compression and re-
duces decoding distortion.

• Increasing the amount of channel protection reduces error
and decreases expected distortion.

• Limited channel capacity introduces a trade-off between
the source rate and the amount of channel protection.



Joint Source-Channel Matching
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• Fixed-parameter systems (p1, p2, p3) perform poorly un-

der unfavorable channel situations.

• Adapting to the varying channel situation, JSCM jointly

allocates source rate and channel protection.

• JSCM will always yield the optimal coding parameters,

which are located on the convex hull of those curves.



Existing JSCM Methods

• There are many JSCM methods for image transmission,

but not for video transmission. Video transmission intro-

duces considerably more challenges.

• Most existing JSCM methods work only for specific source

and channel coder pairs because:

– They require detailed a priori knowledge about the

coders, which might not be available.

– They achieve performance gain by making extensive

low-level modification to the coders.

• We need a more general JSCM method which can be

applied to many coder pairs, requires minimal knowledge

and least amount of coder modification.



Our JSCM Method: Quick Overview

• Applies to a wide range of source-channel coder

pairs, including standardized ones.

• Achieves generality by estimating the coder charac-

teristics in real time.

• Has low computational complexity and fast conver-

gence speed of below 5 iterations.

• Yields significant performance gain over fixed-parameter

systems and is online implementable.



JSCM for Video: Difficulties

• Significantly higher data rates.

• Additional temporal dimension.

• Much more complex coders.

• Finite decoding buffer size: Rate Control.

• Constant video playback requirements.

• No authoritative quality criteria.



Rate Control: The Intuition

• Delay Constraint: in video transmission, only a small,

finite amount of delay is allowed.

• Rate Control: finite decoding buffer size and a constant
playback rate requirement.

Finite-size decoding buffer

Source Symbols Protection Symbols

Buffer Vacancy

Next Frame

Current Frame

Constant
Decode Flow

Constant-rate Playback
Leftover from previous frame

Buffer Occupancy



Rate Control: The Math

bi = max(bi−1 + s(i, qi) + Pi − R,0), i = 1,2, . . . , N,

bi ≤ bmax, i = 1,2, . . . , N,

• bi denotes the buffer occupancy for frame i, bmax denotes

the finite decoding buffer size.

• s(i, qi) denotes the encoded source stream length for frame

i, Pi denotes the amount of channel protection.

• R denotes the constant decoding flow. N is the video

group-of-picture (GOP) size.

• Neither overflow nor underflow is allowed. Underflow is

prevented by bit-stuffing.

• Rate control requirement determines that our optimiza-
tion algorithm will be constrained.



Quality Criteria for Video

• Average frame mean square error: trackable but perhaps
not the best criterion.

• Minimax frame mean square error: better matched to the
Human Visual System.

• Frame sequence mean square error variance: users prefer
to see a constant playback quality.

• Use mean absolute error (MAE) instead of mean square
error (MSE).



Quality Criteria: Expected Distortion

• Encoded video bit-stream usually has complex syntax in-

cluding important marker bits/bytes.

• A bit-error in a random location in the bit-stream often

can cause total frame loss.

• Recovering at least part of the video frame requires de-
tailed information of the source coder.

• We define performance using expected distortion.

d = Pffail × dloss + Pfsucc × dsucc



Distortion Concealment

• Transmission errors may cause significant distortion to
large areas of frames or total frame loss.

• Distortion Concealment techniques are usually used.

– replaying the previous frame when we lose a frame.

– use the information from the previous frame for heavily

distorted frame area.

• Complex video coders such as H.263 have built-in distor-
tion concealment.



JSCM System
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Source Model Estimation

• Regardless of complexity, it is usually possible to adjust
the rate of source/channel coders.

• A separate feedback channel exists to provide an accurate
estimate of the current channel SNR.

• Source model estimation is optional.



JSCM System: Generation I
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• The above general structure applies regardless of the
source and channel coders being used.

• Practical coders use integer parameters to adjust rate, so
our optimization is discrete.



Source Model Estimation

• Assume source rate-distortion curves are continuous, smooth,
monotonous curves.

• Perform source coding at several “anchor points” and

calculate the distortion.

• Use cubic-spline interpolation techniques to obtain the
entire curve over its useful range.

• Experiments show that at most five points are needed to
obtain satisfactory approximation accuracy.

• This is a general procedure which can be performed on
any type of source coder.



JPEG Coder: Quick Overview
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DCT Based JPEG Coder

• Popular image compression method; its underlying DCT
transform often used in individual video frame coding.

• Rate controlled by quality factor, q, which is a scaling

factor for the quantization matrix.



Motion-JPEG (M-JPEG)

• The simplest video coder, codes each frame in JPEG
format and transmits the frames sequentially.

• Simple, has constant frame quality, able to start decoding
at random location, no frame-to-frame error propagation.

• For each frame there is a quality factor, q, which adjusts

the compression rate.



Conditional Block Replenishment (CBR)

• Compute block-wise differences between frames, only those
with a difference higher than a certain threshold are then

encoded and sent.

• Blocks can be encoded in several ways, usually DCT cod-
ing followed by quantization and entropy coding.

• For each frame there is a threshold, t, which adjusts the

compression rate.

• Suitable for video conferencing applications where the

frame contains mostly background and limited motion.



Source Coder Estimation: Motion-JPEG
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• Rate-Distortion curves for each frame in the same frame
sequences are sufficiently close to each other.

• We can use the same parameters for all the frames in the
same GOP if there is no scene change.



Source Coder Estimation: CBR
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• Distortion vs. threshold curves are no longer frame-

independent.

• However, distortion vs. number-of-blocks-to-send, Nb, is

still frame-independent.



Reed-Solomon Channel Coder

• Block codes suitable for correcting channel burst errors.
defined by (n, k, t), can correct t errors.

• We employ a packet-based approach, assuming AWGN
noise, BSC channels, equal protection for each packet:

Pfsucc =
M∏

n=1

Ppsucc

Ppsucc =
p/2∑
k=0

(L
k

)
Pes

kPss
L−k

Pss = 1− (1− Peb)
m

Peb = Q

(√
2Eb

N0

)



Problem Formulation

• Situation: groups of N video frames need to be source

and channel coded, and then transmitted.

• Goal: minimize pre-defined cost function with respect to
source and channel rate parameters.

• Constraint: avoid decoding buffer overflow while main-

taining a constant decoding rate.

• Strategy: constrained nonlinear optimization, solved us-
ing gradient descent algorithm with penalty function.



The Optimization Problem

D = (D1, D2, . . . , DN)

Di = Pfsucc(i, pi)× d(i, qi) + Pffail(i, pi)×
dconceal(i, qi−1), i = 1, . . . , N

M(qi, pi) =

⌈
s(i, qi)

L − pi

⌉

Pfsucc(i, pi) =
M(qi,pi)∏

n=1

Ppsucc(i, pi)

Pi = M(qi, pi)× pi

bi = max(bi−1 + s(i, qi) + Pi − R,0)

bi ≤ bmax, i = 1,2, . . . , N



Implementing Rate-Control Constraint

• We are only interested in numerical results; methods

other than Lagrange Multipliers can be used.

• The Penalty Function approach:

J ′(D) = J(D) + C ×
N∑

i=1

max(0, bi − bmax)

where J(D) is determined by chosen distortion criteria.

• When C goes to infinity, the solution converges to the

optimal solution of the constrained problem.



System Details

• We estimate source coder characteristic curves by evalu-
ating control points followed by interpolation.

• Our system satisfies the real-time delay constraints, rate-

control and constant-rate video playback requirements.

• A gradient descent algorithm with aid of penalty function

is used to solve the constrained optimization problem.

• Our system has a fast convergence speed of below five

iterations and is online implementable.



System Complexity

• Optimization algorithm usually requires no more than a

few iterations to converge.

• Many of the required parameters such as channel charac-
teristics can be pre-computed offline.

• Source model estimation needs to be performed only once
per scene change.

• Thus, computation is inexpensive when averaged over the
entire sequence.



Simulation Parameters

• The football sequence, size 352× 240.

• Reed-Solomon packet size 256 8-bit symbols.

• Decoding buffer size 21,120 bits.

• Constant decode flow of 15,840 bits.

• GOP size 20.



Simulation Results (MJPEG-PSNR)

2 3 4 5 6 7 8 9 10
14

16

18

20

22

24

26

28

30

32

Eb/N0

A
ve

ra
ge

 P
S

N
R

Motion−JPEG and RS coder, Football Sequence, GOP size 20

Optimal Protection           
Little Fixed Protection      
Medium Fixed Protection      
Overabundant Fixed Protection



Simulation Results (CBR-PSNR)
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Simulation Results (CBR-VAR)
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JSCM System: Generation II

Joint End-to-End
Distortion Optimization

Source Coding Channel CodingRaw Video
Frames

To Transmission
Scene Change

Detection

Adjust Channel
Protection

Adjust Source
Rate

Resyncronization

• The above general structure applies to situations where
we could not perform source parameter estimation.

• The system adjusts the source and channel rate in the

direction of decreasing distortion.



H.263 Coder

• Based on advanced motion-compensation techniques, much
more complex than previously used coders.

• Adjusts rate on a macroblock basis using MQUANT pa-

rameter and uniform quantizer.

• Uses online instead of offline rate-control methods; has
built-in distortion concealment procedure.

• Targets low-rate applications such as videoconferencing
and videophone, where amount of motion is limited.



Rate-Compatible Punctured Convolutional Coder

• RCPC punctures a low-rate 1/N code with period P to

obtain codes with rate P/(P + l).

• Rate-compatibility restriction allows transmission of in-
cremental redundancy and continuous rate variation.

• Good for source-channel matching because the basic codec
structure remains the same as coding rate changes.

• The encoded packet length and packet error probability
follow an approximate log-affine relationship.

• Needs inner error-checking code (such as CRC) to detect
the presence of errors.



JSCM System: H.263 and RCPC

Raw Video
Frames

H.263 Encoder
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Coded Inter Frame
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Coder
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Channel BER Feedback
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• The system modifies MQUANT and RCPC puncture rate

on a macroblock level.

• Channel situation is estimated using accumulated packet
error probability Ppe.



CAVEAT: NOT “Joint” Matching!

• Truly “joint” source-channel matching would dynamically
adjust the Ppe threshold as well.

• Simulations show that a fixed 2% Ppe threshold already

gives near-optimal performance.

• The system can be thus further simplified.



Simulation Parameters

• The Claire color sequence, size 144×176 QCIF format.

• Rate 1/3 RCPC coder with 9 configuration points.

• Source packet size 32 bytes, CRC-16 inner coder.

• Decoding buffer size 264 bytes.

• Constant decode flow of 200 bits.

• Resynchronization interval 132 frames (H.261 standard).



Simulation Results (H.263-PSNR)
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System Complexity

• The source model estimation step is eliminated, the com-
plexity further reduced.

• It is not an iterative procedure.

• Essentially no extra computation added compared to a
fixed-parameter system.

• Practical and online implementable.



Generality Of Our System

• Inexpensive parametric-model based approach for charac-
terizing source-coder performance.

• Model parameters can be optionally estimated online; no
detailed knowledge about source coders required.

• Applicable to many coders, including standard ones.



Conclusions

• JSCM provides high-level source/channel coder integra-

tion by jointly optimizing end-to-end performance.

• Our method is truly general because of the parametric-
model-based approach.

• Our method has low computational complexity and can

be implemented online.

• In future work, we will test our scheme on other types of
channels such as fading/broadcasting/network channels.


