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ABSTRACT

Video compression is an indispensable element in
multimedia communications systems. We simulate
the H.263 video coder and pass the compressed data
through a simulated mobile communication channel.
Preliminary results indicate that the error control
codes, such as BCH codes, are very useful for protect-
ing the compressed data. In addition, the error cor-
recting capability of the lapped orthogonal transform
(LOT) are also investigated.

I. INTRODUCTION

Due to the growing popularity of computer and net-
work, multimedia communications become more and
more important. Recently, the interest in very low bit
rate video coding has in¢reased considerably with the
creation of new services and applications including this
element in them [1]. The newly proposed standard,
H.263 [2], aims at solving the problem of very low bit
rate transmission. We are interested in transmitting
low rate video through mobile channels, which have
strong noise and distortion.

II. H.263 OVER MOBILE CHANNEL
SIMULATION

The compressed data are known to be very sensi-
tive to channel errors. Thus, some protection meth-
ods should be applied to the compressed data. In this
paper, video sequences are compressed by H.263 algo-
rithm, and the compressed bit streams are sent into a
simulated Rayleigh fading channel model. Error con-
trol codes (BCH codes) are used to protect the com-
pressed bit streams [3]. The receiver first performs
BCH decoding, then it performs the H.263 decoding
process., The simulation system diagrams are shown
in Figs. 1(a) and 1(b). The popular Jakes’ model [4]
is adopted in our experiments to simulate the mobile
fading channel.

Some preliminary simulation results, shown in
Fig. 4, have been completed using the Jakes’ model
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and the (511,493) BCH code-[3] which is proposed in
the Annex H of H.263. It is:clear from this figure that
the unprotected pictures are severely damaged at SNR,
= 40dB (Fig. 4(b)) and are totally lost at SNR = 30dB
(Fig. 4(d)). The protected pictures show much im-
proved subject quality (Figs. 4(c) and (e)). This is due
to the fact that the compressed. stream.is sensitive to
bit errors. A single error could propagate and destroy
a long segment of an image. In our simulation we pass
the H.263 encoded bit stream to a simulated Rayleigh
fading channel with preselected background SNR (40
dB or 30dB), multipaths (22 paths), and mobile sta-
tion velocities (100 km/hr) [5] [6], and then decode the
corrupted sequence:by the H.263 decoder, as shown in
the block diagram of Fig. 1(a). We can reduce the
distortion by incorporating the (511,493) BCH code
in transmission. - The bit error behavior of the simu-
lated mobile channe] at \iariéus SNR with and without
(511,493) BCH code is depicted in Fig. 2.

What we have found so far are:

1. The BCH code has only a slight increase in trans-
mission bit rates. In the case of (511,493) BCH code,
the error correcting capability is ¢ = 2 and the increase
in bit rate is only 3.6%. A

2. The channel codes greatly reduce the error.propa-
gation problem.

III. LOT VS. DCT CODING OVER THE
NOISY CHANNEL

We can also insert the error protecting capability
into the source coding schemes by employing a differ-
ent type of transform coding structure. The lapped
orthogonal transform (LOT) [7] is a scheme which may
have a good potential for this purpose. LOT can be im-
plemented based on DCT with some modifications as
in Fig. 3. However, the data produced by LOT contain
not only the current block image, but also its neigh-
boring blocks. On the other hand, LOT can still keep
the orthonormal properties similar to that of DCT.

Because the coefficients in the LOT domailn contain



both the information of the current block and the par-
tial information of the adjacent blocks, it is possible
that if the data in the current block is lost, the lost
picture can still be recovered to some extent with the
help of proper concealment schemes [8]. Assuming that
there is a channel model which causes the encoded bits
to disappear regularly. For example, in our simulation,
the 25% lossy channel means that there is one data
block loss out of every four blocks in the transform
domain. The lost data are set to zero values at the
receiver. Here we tested two reconstruction methods.

Assuming that the lost block b; ;, located at po-
sition (¢,7), has some degree of correlation with its
four neighboring blocks. In general, we choose the two
weighting factors o and # in the horizontal and ver-
tical directions, respectively. Thus, the reconstructed
block in general can be represented by

&

1 < [o-bi_1;+(1—a) biy;]+
2\ [B-bij_1+(1~P) bij;]
where «, 8 € [0, 1]. We simulated the recovered images
with different weighting factors which produce differ-
ent PSNR values. Fig. 5 shows the results of using
LOT on the first frame of the test sequence claire.
From Fig. 5, we know that the PSNR has its max-
imum value when o, 3 € [0.4,0.7]. Therefore, if we
choose ¢ = 3 = % for simplicity, we have the recon-
struction method 1.

b, ;

Reconstruction method 1 is illustrated by Fig. 6. We
use the four neighboring blocks (left, right, upper, and
lower block) and then take an average of the neigh-
bors to replace the lost data at position (7,j) in the
transform domain. That is,

)@

1
lost; i = Z <

In [9] the author suggested that the DC coefficient
in the transform domain should be strongly protected
in the ATM network environment. Assuming that the
DC coefficient can be nearly noise free, the reconstruc-
tion method 2 is the combination of this DC protec-
tion method and the averaging scheme in reconstruc-
tion method 1.

coeff(;_1y,; + coefl(i41) ;+
coeff; (j_1) + coeffy (j 41

Simulation results on still pictures show that the
LOT produces better results objectively and subjec-
tively as indicated in Fig. 7 and Table I. In this sim-
ulation, we assume one out of four blocks is lost com-
pletely. Because of the overlapping characteristics of
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LOT, the artifacts on the recovered LOT pictures are
less objectionable.

Iv. SUMMARY

First of all, we see the advantages of using error con-
trol coding in the Rayleigh fading channels. Chan-
nel coding introduces some redundancy. In the case
of transmitting error-sensitive compressed data, error
control codes seem to work rather well.

Secondly, from the simulation results shown in
Figs. 7 and Table I, we can see that if no recovery
method is used, the contaminated coefficients trans-
formed back by ILOT have significantly higher PSNR
values than those transformed back by IDCT. How-
ever, when the average-recovery method is applied, the
LOT is only 0.05 dB better than DCT for the first
frame in sequence claire. Another interesting point
1s that when the DC coefficient is protected, the re-
sultant PSNR values are higher. This is because the
DC component contains more than 90% of energy of
the picture. Thus, if the DC component can be well
protected, the minimum image quality can often be
guaranteed.

V. FUTURE WORK

We are now investigating the effect of LOT on mo-
tion pictures. Particularly, if the DCT in H.263 is re-
placed by the LOT, we are interested in knowing its
error recovery ability.
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TABLE I

A comparison of encoding the first frame in sequence claire

with 25% data loss channel for the two reconstruction methods.

recovery DCT LOT
state
method PSNR (dB) PSNR (dB)
claire with | no recovery 12.56 13.47
25% method #1 30.51 30.60
data loss method #2 32.45 32.86
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Fig. 1. (a) H.263 coding over noisy channels. (b) H.263 coding
with BCH codes.
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Fig. 2. Jakes’ model simulation. Mobile velocity = 100 km/hr.
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Fig. 3. Structure of the fast LOT algorithm, the number of

output coefficients M = 8, and the number of input pixels
L =16.
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Fig. 4. (a) The original of claire. (b) Encoded bit streams
passing through the 40-dB Rayleigh fading channel with-
out error control codes. (c) Encoded bit streams passing
through the 40-dB Rayleigh fading chennel with (511,493)
BCH code. (d) Same as (b), except that the SNR changes
to 30 dB. {e) Same as (c), except that the SNR changes to
30 dB.
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Fig. 7. A comparison of the first frame in the sequence claire processed by DCT and LOT with two recovery methods. Numerical
results are given in Table L.
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