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APPLICATION OF UNEQUAL ERROR PROTECTION CODES
ON COMBINED SOURCE-CHANNEL CODING OF IMAGES

K. FAZEL - J.J. LHUILLIER

LABORATOIRES D'ELECTRONIQUE PHILIPS
3, avenue Descartes, 94450 Limeil-Brévannes, France

ABSTRACT

This paper investigates a combined
source-channel encoding of images with a small
amount of redundancy. The source encoder under
study is based on the Discrete-Cosine-Transform
(DCT), edsptive quantization end variable length
encoding (VLC) ; while the channel encoder is
based on the unequal error protection (UEP)
principle. To measure the importance of each bit
in the trensmitted frame after the VLC, a factor
of sensitivity for each bit to channel errors is
defined. By utilizing the factor of sensitivity,
the optimel error rate allowed for each bit in the
frame, that minimizes the effects of channel
noise, is estimated. The performance of two UEP
codes constructed by the Blokh-Zyablov code
construction method, are evaluated for two
sequences of images.

INTRODUCTION

To reduce the redundency of digital TV
images, different coding algorithms have been
studied. The performence of such an algorithm
depends mainly on its compression factor and the
signal to noise power raetio (SNR) at the decoder
side. The higher the compression factor at the
source, the greater is the significence of the
transmitted information, and hence the greater the
effects of channel errors. The visibility of
channel errors depends strongly on the source
encoding algorithms. As an example the minimum bit
error rate (BER) for which errors are just notice-
able at the display is 10-7 for a simple DPCM
algorithm (fixed length codewords) ; whereas it
fells down to 10-10 when this algorithm is follow-
ed by variable-length-encoding (VLC) [1 ]

As a result, for noisy channels applicetions,
it is necessary to correct the channel errors or
to devise methods for reducing the effect of
errors (techniques of error-concealment). In the
field of error control many coding techniques have
been studied. These techniques consist of coding
the images without teking into account their
characteristics, or, on the contrary, combining
the source and channel coding by utilizing the
properties of images. In this last case many tech-
niques have been investigated [2-3]. Modestino et
al [2] use the principle of finding a trade-off
between source and channel coding, when the source
encoder under study is based on the discrete-
cosine~-transform (UCT), and & fixed number of bits
allocated to each transformed block (no VLC).
applying convolutional end block codes (all with
low coding rate), they consider three different

selective protection options (information bits
which sere related to the DCT coefficients are
coded in three different ways) for a large set of
encoder and decoder pairs. Using the same
principle, Gomstock and Gibson [3] by estimating
the more important bits of the DCT blocks to be
protected, evaluate the performence of some
Hemming codes. Since these techniques consume a
part of the available bit rate as parity check
bits for the more important coefficients of the
DCT block, s performance degradation is expected.
However this performance degradation 1is much
smaller than the one expected if no protection is
performed (when errors occur).

The purpose of this paper is to investi-
gate combined source-channel encoding with a small
amount of extra redundancy ( % 11 %), where the
source encoder is based on the DCT, adaptive
quantization and variable length encoding. The
channel encoder is based on the unequal-error-
protection (U.E.P) codes, where only one encoder-
decoder is required to achieve different levels of
protection in the transmission message word. The
main important functions of the source encoder
under study, the influence of channel errors on
the picture quality end the error sensitivity
factor of each bit (i.e.the measure of importance
of each bit) in the varisble length coded frames
(i.e. DCT block coefficients coded in VLC), are
described in section II. The optimal bit error
rates (i.e. the optimel error-protection levels)
required for each bit in the transmitted frame is
discussed in section Il1l. In section IV by review-
ing briefly the U.EIP. codes and an interesting
way of constructing them, Blokh-Zyablov (BZ) code
construction, we bring-out some constraints
imposed by the characteristics of the source
encoder frames (i.e. frames with variable length,
and good synchronization properties). Finally
examples and numericel results are given and
discussed in section V. Particular sattention is
paid to the number of levels of protection
required for the U.E.P. codes to attain optimal
performances.

II. SOURCE CODING ALGORITHM AND INFLUENCE OF
TRANSMISSION ERRORS

a) Source coding algorithm
To reduce the raw bit rate of digital
images, different coding algorithms have been
studied. For limited bandwidth channels, the
performance measurement of such a coding scheme
depends on its compression factor, the signal to
noise power ratio (SNR) at the decoder side and
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the subjective quality of the reconstructed
picture (a reasonable SNR is not on its own a
guarantee of good picture quality).

One of the most attractive schemes pos-
sessing a high performance is based on the Dis-
crete-Cosine-Transform (DCT) [4], whose block
diagram is given in fig. 1. Let's briefly look
at the more important functions of this scheme:
- the picture is divided into small blocks of

(NxN) pixels, and each block is submitted to
the DCT. Let f(j, k) j, k = O,.., n-1 denote
the amplitudes of the pixels before transfor-
mation. The bidimensional DCT is then defined

by ¢
Flu,v)= QELE%ELKL RG] cos{—glill!ﬂ }
i k=0,..N-1

CDS{(Zk;§)Vﬂ }

u,v = 0,.. N-1, and C(w) = {jéf for w=20
1 elsewhere

- these trsnsformed samples esre quantized. The
quantization step varies according to the
activity of the block and to the frequency,
in order to limit the visiblity of the codlng
noise ;

- finally the quantized values (except DC

component F(0, 0)) are coded using varisble-
length-coding to minimize the output bit rate
without loss of information. As this process
generastes @ variable output bit rate, a
buffer memory is incorporated, combined with
8 regulation mechanism, reecting on the
quantizer, to match the fixed bit rate
requirement of the channel.
To further improve the efficiency of the
scheme, one can perform the statistical
coding (VLC) on several adjacent blocks
multiplexed on a coefficient basis. Thus
spatial correlation can be taken into account
to reduce the number of bits devoted to the
DC components. The bit stresm is obtained by
combining 4 adjacent blocks (1 quad-
block) in the following way (fig. 2a) : 9
bits which are reserved for the DC component
of the first block, 4 x 2 bits for the acti-
vities of 4 blocks, followed by the diffe-
rences between the remaining DC components
and the 1st DC component, snd completed by
the variable-length codewords corresponding
to the other coefficients of the blocks
previously scanned in a zig-zag order and
multiplexed. Because this frame contsins a
veriable number of values (zeros are run
length coded), a special sepsrstion pattern
(End Of Block = EOB) belonging to the Huffman
table is inserted.

This coding algorithm achieves a high
performence for various sequences of image.
In the absence of channel errors, the SNR is
greater then 34 dB for a bit rate of 1 bit/
pixel. let's look at the performances degra-
dation of this algorithm in the presence of
channel errors in the next sections.

b) Influence of channel errors

As was mentioned in the introduction, the
higher the compression factor, the greater the
significance of the transmitted information and
hence the greater the effects of errors.

In practice, channel errors cause more
degradation than the bit rate reduction. In
addition visibility of channel errors depends
strongly on the source encoder algorithm. For
the encoder under study, by taking the EUB as
the synchronization pattern, we can point out
the following events in the presence of channel
errors :

- If the errors occur in the fixed length part of
the frame, the visibility of the corresponding
defects is proportional to the significance of
the corrupted information (for instance an
error in the most significant bits of the DC
component would dramaticelly modify the whole
block).

- If the errors occur in the variable length part
of the stream 8 correct segmentation is no
longer garanteed. It may be recovered if a
self-synchronization code [5] is used, but it
doesn't prevent from merging 2 fremes (or more
if the synchronization patterns themselves are
wrong) into one. It induces some spatial shift
that is unacceptable from a subjective point of
view. To solve the problem, a new framing will
be discussed in section IV.

Assuming a good synchronization, the
importance of each bit in the transmitted frames
can be quantized by its sensitivity to channel
errors.

c) Error sensitivity of each bit
The approach described here to measure
the sensitivity of each bit to the channel
errors is similar to the intuitive approach
which has been developed by J. Hagenaurer et
al [6] It tekes benefit of the following
remark : each bit of the bit stream has to be
protected proportionnaly to its influence on
the SNR when corrupted by an error. Levels of
protection and hence error probabilities of the
bits are adjusted so that their respective
contribution (sensitivity) to the overall noise
power, weighted by their error probabilities,
are equal. This condition leads to an optimal

set of parameters. .

More precisely, the SNR for & given
image in the presence of channel errors is

P

given by : SNR = 10 logi{ where PSM is
P
defined as the theoretical maQ&mal power of the
image and P represents the noise power.
Then PN is given by :

M 4N2
Py = Z i i 2
N k 1 KD = &7k )

Where M and N2 are respectively the number of
quadblock (4 adjacent blocks) in the image and
the number of pixels in each block.
Where xi(k) represents the kth pixel amplitude
of the ith block before encodln%:and %i(k)e the.
kth pixel amplitude of the block after
decoding, in the presence of channel errors. If
there is no channel error xl(k)e = %xi(k) and
(x1(k)g - %i(k)) represents the source coding
noise.

Let 1; be the length of coded frame i,
then the number of error patterns will be 2li.
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Assuming independence of error patterns from
frame to frame, the noise power can be expres-

sed as : i
Mo an? 5 mooli
Pye Z e (ki)+ £ I P_ «x
izl k=1 9 izl e=1 °
4N? )
<k§1 E'C(k,i)+2 e (kyi)x eq(k,i))
where :

e (ki) m &7 (k) - & (k)
and Pg is the probability of the eth error
pattern.
The Py can be written as :

{;eq(k ,i) & Gk - Ai(k)

PN =P+ Py
NQN

where :  p - 3 5 2 (1 §),

which is the source coding noise.
1

M2 5
Pyr = 2 r P A,
NC 1 1 e-] © ©
i 2 N .
A; ‘k‘ﬁ‘_l ealkyi)42 e (k1) x e (k1)

depends on the channel errors, and it
cgﬁ be considered as the sum of channel noise
and the interaction of source coding-channel
noises.

Assuming that we can neglect the effect of
error patterns of weight > 1 after correction,
then PNC can be written as :

M 1i i

Pz I I P, A;

NCo oy gor 3
where Pj is the probability of error in the J
bit (P; doesn't depend on the frame) and Al; is
the noise power due to an error on bit j of
block i.

P, . can be rewritten as :

NC M i max

P "X p. I ala I P, A, (1)

NC = =1 j izl =1 J

Where 1lpgx is the meximal frame-length value
and A; the average contribution of an error on
bit j on any block.

From previous formula (I), the sensitivity of
bit j can be derived :

P

SM
<SNR)j o 10 log P—*—A——
Ng * 7
that is obtained by systematicaly putting an
error at the jth bit position of all frames.

A curve of sensitivity has been plotted
for "Girl" TV sequences in fig. 4 that is in
agreement with expectations of previous
section. Optimal set of bit error rates Pj is
evaluated in the next section.

III. OPTIMAL BIT ERROR RATE REQUIRED FOR EACH BIT
ITTED FRAME

As was discussed before, the SNR of an
image, in the presence of errors depends strongly
on the bit error rate for each bit. To determine
the optimal BER for each bit that achieves a high
SNR, it is desirable to fulfil the following con-
dition : PNC = K<< P , where P is the channel

noise and P, is the source coding noise.

We can' choose a set of Pj so that all
contribution to noise power are equal. This choice
driven by intuition is proved to minimize a

criterion strongly related to the overall
redundancy,
It yields : PNC = lnax PJAJ =K, jal,ees Ipgx
or P. = ﬂ:KJ ; K'= lK
J Al max

where K is a pre&eflned constant.

So to respect the above condition, we have to
equalize the curve of sensitivity factor. Let's
consider the example of "Girl", the bit error rate
required for each bit is given in fig. 6. It
corroborates our fieling that the first bits
(corresponding to low order DCT coefficients) need
more protection than the last bits (correspondlng
to high order DCT coefficients). Although, in case
of error, segmentation is no longer correct until
the end of the frame, the last bits do not
contribute a lot either to signal to noise ratio
or to subjective quality (the human eye is less
sensitive to high frequency part).

IV. APPLICATION OF U.E.P. CODES
a) Unequal-error-protection codes

In many spplications it is desirable to
provide different protection levels for differents
components mj of the message word m. Linear codes
that provide a greater amount of protection for
certain positions than for others are called
unequal-error-protection codes [7-11 }

A suitable measure of these protection-
levels for different positions in a message word
is the so called separation-vector [8 ]:
Definition : For a linear (n,k) code C over the

alphabet GF(q), the separation vector S(G) =

(S(G)1, S(G)2... S(G)K) with respect to a genera-
tor matrix G of C is defined by
S(G)i = min {wt(mG)/meGF(q)K, m; # 0},i = 1,...k
where wt ( *) denotes the Hamming weight function.

If S(G)g = S(G)j Vi, j = 1, K, then, the
code is an equal-error-protection.

The minimum distance of the code is dmin =
min (S(G) i), i = 1, ...k,

The error-correction capability of a code,
when we use a g-ary symmetric channel is given by

Theorem 1 [9 ]: A linear code C over GF(q), with

generator matrix G and complete maximum likelihood
decoding, gusrantees the correct interpretation of
the ilN message digit, wheneVﬁF the error pattern
weight is less or equal to

A basic problem is to find an U E.P. code
with a given dimension and separation vector such
that its information rate is maximal. Different
construction methods have been studied [9] [11].
An interesting one is based on the Blokh-Zyablov
(BZ) construction [11]1 We will now examine this
constructing method :
Blokh- Zyablov (BZ) U.E.P. code construction [11]

(fig. 2b)

Let Bj pe g (n, ki, di) linesr code over
GF (2081), with a generator matrix Gj and minimum
distance dj, for i = 1, ..r Let G be generator
matrix for a C(N, K) code, where K m gj aj, and
let m = (ml, m2, ... mp), mié€ GF (281) i be the
ith components of the message m. Then the BZ
coding process is as follows :
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- the M, { = l...r, is coded by the code Bj : Cj

=mj Gj,
- then Cj is erranged in the ith black (aj lines
and n columns) of nxK matrix M where each

column of ith plock is the binary representation
of symbols of Cj,
finally the complete matrix M is coded by G and
gives the BZ codewords : C = G'M.
The resulting code is a two dimensional (N,
n) code of length nN and

rate R = §=]aiki-

T

Let ei (i = 1, ...r) denote the minimum
distance of the binary code generated by the last
(r-i+l) blocks of G, then the U.E.P. capability of
the BZ code is derived in the following :

Theorem 2 f[11]. The BZ code has a separation

vector (5],52,..5p) for the message space (ml,m2,

..mr) that satisfies the following inequalities :

Si 2 ei.di if dl.el > d2.e2 > dr.er

From the sbove construction, we can derive
different U.E.P. codes for a given dimension and
given code rate. Let's see the application of
these codes to image transmission :

b) Application of U.E.P. to image transmission

As we saw before the bit stream after the
source encoder has different levels of sensitivity
to errors, hence en U.E.P. code is required. The
two problems encountered in the application of
these codes can be stated as follows:

- The length of each frame 1; varies, thus, the
U.E.P. code should be adepted to each 1j i.e.
variable length U.E.P. codes should be envi-
saged,

- and finslly, if we find an U.E.P. code, taking
into sccount the above mentioned problem, then,
the deta rate after the coding process will be
variable,( the added redundancy varies with
respect to 1j) hence, it has to be regulated.

The variability of the frame length imposes a
constraint on U.EiP. codes - that of shortening
the codewords if 1j< number of information bits

available. A code can be shortened if it is a

gystematic code. One systematic U.E.P. code can be

designed by the BZ code construction if the Bj is

a systematic code and G has the following form :

10 a] heree) =1, epg @ e3...ep = 2

11 a and I is the a] x a) identify
G =(. ap matrix

1 01

However the class of code possessing the
above properties is limited and does not have
optimal performence, nevertheless it solves the
problem of frame-length variability and has a very
simple decoding process.

To regulate the data rate, one cen use the
same principle as used for regulating the informa-
tion data rate after the source encoder i.e. to
incorporate a supplementary buffer memory, combin-
ed with a regulation mechanism reacting on the
U.E.P code. But the system complexity (for encod-
ing end decoding) prohibits such a solution. An
alternative solution consists of using & common
buffer memory (fig. 3) for source-channel enco-
ders. The feedback will be the same as the source

encoder (i.e. controlling the gquantization step).

As mentioned in section II, the synchronisa-
tion between frames have to be absolutly guarante-
ed to avoid any spatial shift in the picture.
Since the U.E.P. coding process modifies the VLC
data stream the utilization of EGB (e VLC word) as
the synchronization pattern, doesn't allow to
assure a synchronization between frames. To over-
come this problem, the solution proposed here is
to transmit the frame length 1j in order to
sepaerate the frames. To increase robustness of the
system, this frame lengths are also protected so
that synchronisation recovery is highly improved
for critical channel BER values. It has to be
noted that an inimitable pattern is regularly
inserted (between each 16 quad-block) to limit
error propagation.

To illustrate the spplication of these codes
to some sequences of images, we will give some
examples and dicuss the simulation results in the
following.

V. EXAMPLES AND SIMULATION RESULTS

As was stated in the introduction, the
purpose of this study is to define a combined
source-chaennel encoding (with small amount of
extra redundancy), and to investigate the perfor-
mance of U.E.P. codes in the case of random errors
(Binary Symmetric Channel : BSC). Two sequences of
images : "Girl" and "Baltimore" are coded with the
source-encoder described in section II (block size
6x8 ; bit rate 1 bit/pixel). The error sensitivity
factor of each bit in the coded variable-length
frame is measured for each sequence and. is
represented in Fig. 4. These curves have approxi-
mately the same shape and show that the SNR
depends strongly on the position of erroneous bits
in the transmitted frames.

The set of P; is calculated as indicated in
section III for & constant K equal to 10->. The
error sensitivity factors reordered in an increas-
ing manner (fig. 5), the optimal error rate for
each bit is represented in Fig. 6. As shown by
these curves, the first bits of each ordered frame
have to be protected to give an error rate of
around 10~9, while the last ones dorft require any
protection, if the channel bit error rate is less
then 10-2. Hence different levels of protection
are required.

The frame-length, which is the most important
information, has to be protected very efficien-
tly. Four frame-lengths are gethered and coded by
a binary C(57, 40) shortened cyclic code. If the
channel bit error rate is 10~4, then bit error
rate after decoding for the synchronization word
is 10-12, which is a reessonable value.

To protect the informetion of the frames
against channel errors, two U.E.P. codes are
designed. These codes, which are constructed by
the Blokh-Zyablov construction method have respec-
tively (745, 5366, 3372) (code 1) and (53%4, 3372)
(code 2) sepsration vectors. As these vectors
show, the first code has three levels of protec-
tion (the average redundancy R of ‘the whole
channel encoder (the frame-length and the U.E.P.
protection bits) is 11 %) while the second code
hes two levels of protection (R = 10 %). The Bj
codes used to construct these U.E.P. codes are
summarized in table 1. The performance of these
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