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Abstract
A fast scheme for multi-wavelet domain interpolation of lost image blocks in
wireless image {ransmission is proposed in this paper. Instead of using
common retransmission query protocels, the lost block is reconstructed in the
multi-wavelet domain using the correlition between the lost block and its
neighbors,
The algorithm suggests that each tile is decomposed using a single level 2-D
DMWT  (2-Dimension  Discrete Mulii-Wavelet Transform) instead of
decomposing the tile into three level 2-D DWT(2-Dimension Discrete Wavelet
Transform), as stated in the JPEG2004 standard. It can be easily seen that the
reconstruction procedure is very simple becaunse it only requires knowing the
2-D DMWT of the surrounding tiles. Finally, it requires only to average the
corresponding decomposed tiles.
Keywords: multi-wavelet, lost blocks reconstruction, wireless transmission.
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INTRODUCTION wircless scenarios, the image is
In common operation of the transmitted over the wircless channel
JPEGZ000 still image compression block by block. Due to severe fading,
standard [1]. the encoder rtiles the entire image blocks can be lost.
image into blocks of n x n (n being a Chang reports that average packet loss
power of 2 pixels) calculates a 2-D rate in a wirgless environment is 3.6%
DWT (2-Dimension Discrete Wavelet and oceurs in a bursty fashion [2].
Transform). quantizes the transform Error resilient channel coding
coefficients and encodes them using schemes (e.g, Forward Emer
arithmetic  ceding In common Correction) use Reed Solomon codes
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or convolutional codes to reconstruct
the lost portion of the bit stream,
sacrificing some useful bandwidth in
the process. This method, which is
designed for a fixed bit emor rate
{BER), cannot completely prevent
loss of data when the BER is
unknown, as in most practical cases
(21

The common techniques to recover
the lost block are grouped under
Automatic  Retransmission Query
Protocols (ARQ). ARQ) lowers data
transmission rates and can further
increase  the neiwork  congestion,
which can deteriorate the packet loss
[3]. Instead, it is shown in this paper
that it is possible to satisfactorily
reconstruct the lost blocks by using
the available information surrounding
them. The location of lost data, ie.,
lost image blocks, is known in
common  wireless  scenarios.  The
proposed scheme is tested with a
variety of images and simulated block
losses. It is shown that reconstructions
have acceptable visual quality, high
SNR, and a low computational cost.
Purely  decoder  based error
concealment in baseline JPEG coded
images has been demonstrated in the
image domain and in the DCT
domain.  Various  studies  have
successfully used the wavelet
framework for texture synthesis [4].
reconstriuction of edges, which are
distoried during compression [5], and
enhancement of edges, which are
blurred during interpolation [§].

V. DeBrunner et al, provide a survey
of commonly used error control and
concealment  methods  in  image
transmission  [7]. Image domain
methods use interpolation [8], or
separate reconstruction methods for
structure  and  texture [9]. Most
transform  based methods, notably
those described for MPEG-2 video
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[10] and earlier for DCT-JPEG
nnages [8]. assumce a smoothness
constraint on the image intensity.
These methods define an object
function, which  measures  the
variation at the border between the
lost bleck and its neighbors, and then
proceed 1o minimize this  object
function. 7. Alkachouch and M.
Belianger [11] describe a different
DCT based interpolation scheme,
which uses only & border pixels to
reconsiruct  the 64 Jost  DCT
coefficients.

THE PROPOSED ALGORITHM
In common operation of the
JPEG2000 still image compression
standard, the encoder tiles the image
into blocks of n x n (n being a power
of (2) pixels (normally 8, i.e, 8x8
blocks), caleulates a 2-D DWT into
three levels, quantizes the transform
coefficients and encodes them using
arithmetic coding. So, in this paper,
instead of using 2-D DWT., it is
proposed to wse a 2-D DMWT (2-
Dimension Discreate Multi-Wavelet

Transtorm),

The 2-D DMWT decomposes
each  tile  into  low  frequency
Components (L;Lq, Lyl L:L,, and
LaL), and high frequency

components (LH,, L;H;, L.H,, L:H,,
H;L,. H,L,, H;L,, H,L,. HiH,, H;H;,
HyH,. and H;H.).

So once the missing block has
been detected, the reconstruction of
lost blocks inciudes the following
steps (it is assumed that the low
frequency components have already
been received correctly):-
1y The tiles that are at the top (1),

bottom (B), right (R}, left (L),

right-top (RT), right-bottom (RB),

left-top (LT}, and lefi-bottom (LB)
are taken.
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2) The 2-D DMWT for T, B, R, L,
RT, RB, LT, LB are found.
3)The high frequency compoenents are

found by  averaging  the
corvresponding  high  frequency
components  from  the  eight

surronding tiles
A flowchart of the proposed algorithm
is shown in Fig.(1).

ADVANTAGES OF MULTI-
WAVELET TRANSFORM OVER
WAVELET TRANSFORM

For best performance in image
compression, wavelet  transforms
require filters that combine a number
of desirable properties, such as
orthogonality and symmetry.
However the design possibilities for
wavelets are limited because they can
not simultaneously possess all of
these  desirable properties. The
relatively new field of multi-wavelets
shows promise in removing some of
the limitations of wavelets. Multi-
wavelets offer more design options
and hence can combine all desirable
transform features [12].

Because of the above, the author
in [12] suggested to use multi-wavelet
instead of wavelet 1 image
compression. He proved that it is
possible to support a low resolution
video siream from the original stream
which is a desirable feature for mobile
telephone video transmission where
the display screen is very small and
adapts well to low resolution images.
The other interesting feature is the
ability to adapt the quality to the
required bit rate through the use of
some quantization factor. This feature
is also desirable for INTERNET
transmission at very low bit rates.

So, it is required to find a new
technique to reconstruct the lost
blocks using multi-wavelet and to
benefit the sbove features to make if
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for the algorithms used to reconstruct
the lost block.

SIMULATION RESULTS

There are three methods to find
the 2-D DMWT [12], depending on
the type of preprocessing. these are:-
1) Repeated Row Preprocessing,
2} Critically-Sampled, and

3} Fast algorithm,

a) Hepeated Row Preprocessing

(RRP)

Fig(2) shows an 8«8 simulated
lost block and its corresponding
reconstructions. It can be easily seen
that the reconstruction is perfect using
the subjective human display.

b} Critically-Sampled (CS)

Fig.(3) shows an 8x8§ simulated
lost block and its corresponding
reconstructions. It can be easily seen
that the reconstruction is good using
the subjective human display.

¢) Fast Algorithm (FA)

It is found that the performance of
reconstruction using the fast algorithm
for finding the 2-D DMWT is the
same as the criticaly sampled method.
So the figures obtained are the same
as those obtained in Fig.(2).
EVALUATION TESTS OF THE
RESULTS

The commonly wused objective
measure is the Signal to Noise Ratio
(SNR). The error between an original
and reconstructed pixel values is
deflined as [13,14]:

error{x,y =000y -R(XY)
where O(xy) is the pixel value at
position (x,¥) of the original block
and
Rix,v) is the pixel value at position x,
v of the reconstructed block,
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The Total Error (TE) between the
original and reconstructed block of
size (M*N} is defined as [13,14}:

Ar-i N-1

TE=3.Y O(x,3) - R(x,)

The SNR metric considers the
reconstructed block R{x.y) to be the
“signal”, and the eror to be the
“noise”. So SNR can be defined as
[14];
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For a comparison between REP,
CS, and FA, Table (1) shows that
RRP gives the best performance
among them, while CS and FA give
the same performance because the
multi-ywavelet values are the same
using CS and FA with a lige
difference from that obtained for
RRP.

Finally comparing the proposed
algorithm, i.e., using DMWT instead
of using DWT, the obtained results
are compared with the reconstruction
algorithm presented by A. H. Hadi
[15] as shown in Table (1}. It shows
that the reconsiruction algorithm
presented using RRP and CS (or FA)
gives better performance than using
the 2-D DWT.

CONCLUSIONS
Since there is no control over the
fading channel, there is no prior
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information  about  the  relative
locations and number of blocks that
can be lost in the process. It is noted
that before transmission of the blocks,
a packetization scheme is applied so
ihat a bursty packet loss during
transmission 15 scattered into a
pseudorandom loss in the image
domain, Therefore, consecutive Image
blocks are rarcly lost and the
reconstruction scheme can use the
neighborhood of the lost block for
reconstruction.

In this paper, an algorithm for
reconstruction of lost blocks using the
2.D DMWT is presented. The
algorithm suggests that each tile is
decomposed using a single level 2-D
DMWT instead of decomposing the
tile into three 2-0 DWT levels, as
documented in the JPEG2000
standard. Tt can be easily seen that the
reconstruction  procedure  is  very
simple because it only requires to

know the 2-D DMWT of the
surrounding  tiles. After that, it
requires only to average the

correspoding decomposed tiles. Tt is
assumed in this paper that the low
frequency components are received
correctly.

It is also found that the 2-D
DMWT that uses RRP gives the best
performance among the proposed
scheme and the previously reported
work.
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Table-1- Comparison hetween the proposed multi-wavelet algorithm
with the previously wavelet algorithm

2-D DMWT (Single Level) 2-D DWT (3 Levels) |

Block SNR for SNR for | SNR for Block

_Type | RRP(dB) | CS(dB) | FA@B) | Type | “NRUEB)

~ LiH, 30.332 21232 | 21.232 Hy 18.612

. LiH, 22836 | 17328 | 17328 | WV, 18.559
L.H; | 30668 | 25970 25.970 Dqg 18.868 |
Lo H; 27.687 | 20158 | 20.158 | H, | 18205 |
H)L, 27.616 20002 | 20002 |V, 19.957 |
H)L, 29.545 21277 | 21.277 Dy 16.561 |
HL, 21.738 14.817 14.817 Hy | 12158 |
H;L, 24657 | 19.800 | 19.800 Vy 12.739

| HH | 42426 | 31.206 | 31.206 Dy 21.559
HH, | 33181 | 27585 | 27.585

| _HH, | 33769 | 23.767 | 23.767 ] ]

| H.H, 28406 | 26300 | 26,300 N

where Hg, Vg, Do, Hy, Vi, Dy, Ha, Vo, D; are the high frequenm components

of the 3-level 2-D DWT
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Start

v

/ Input the image /

k4

Take the tiles that are to the top (T),

bottam (B), right (R), left (L), right-

top (RT), right-bettom (RB), left-top
(LT), and left-bottom (LB)

b

Take the 2-DDMWTto T, B, R, L,
RT.RB.LT.and LB

Yes | Average L\H, of T, B, R,
L, RT,RB, LT, and LB

Average LiHa of T, B, R,
L,RT.RB,LT,and LB

Yes | Average L;H; of T, B, R,
{ L,RT,RB,LT, and LB

Fig.(1) The Flowchart of the Algorithm
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Average [;H, of T, B,
R.L,RT,RB, LT, and

>E’E+ Average HiL, of T, B,
<w R: L-: R-T'r REg LT, H—ﬂ.d
i

ND% |

Yes | Average HyLy of T, B,
R, L,RT, RB, LT, and

|

Average HsL, of T, B,
R.L,RT,RB, LT, and

Average H;L, of T, B,
R,L,RT.RB, LT, and |

|
|

i
Hala
15 lost

N{}'

Fig(1) Continued
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Yes Average HiH, of T, B, R, L,

HyH, i
LR RT. RB, LT, and LB

Yes r_Avera s H,H; of T
geHiHof T,B. R, L,
RET,RB.LT.and L3

Average HoHy of T, B, R, L,
RT, RB, LT, and LB

HiH; is
lost

No L
Yes | Average HH; of T, B, R, L, |
RT,RB, LT, and LB
No [_1. ‘

Fig(1) Continued
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(e} Reconstruction when LaHs is used {1} Reconstruction when HyLy 15 used
Fig.(2) Reconstruetion of Los: Block Using RRP
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(ki Reconstruction when H H: is used 1} Reconstruction when H:H, is used

Fig.(2) Contnued
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{m) Beconstruction when H-Hs is used

Fig(2) Centinued
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(e} Reconstructon when LaHs 15 used ) Reconstruction whean H;l ;i3 used

Fig.(3) Reconstruction of Lost Block Using CS
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(k) Reconstruction when H, - 15 used (1} Reconstruction when HaHy is used

Fig.(3) Continued
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(m) Reconstruction when H-H- 15 used

Fig.(3) Continued
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