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ABSTRACT

In order to improve unequal error protection and compression ratio of 2-D colored images over
wireless environment, we propose two new schemes denoted as ““Adaptive Wiener-Turbo System (AW-
TS) and Adaptive Wiener-Turbo Systems with JPEG & Bit Plane Compressions (AW-TSwWJBC)™. In
AW-TS, there is a feedback link between Wiener filtering and Turbo decoder and process iteratively.
The scheme employs a pixel-wise adaptive Wiener-based Turbo decoder and uses statistics (mean and
standard deviation of local image) of estimated values of local neighborhood of each pixel. It has
extra-ordinary satisfactory results of both bit error rate (BER) and image enhancement performance
for less than 2 dB Signal-to-Noise Ratio (SNR) values, compared to separately application of
traditional turbo coding scheme and 2-D filtering.

In AW-TSwJBC scheme, 2-D colored image is passed through a color & bit planes’ slicer block. In
this block, each pixel of the input image is partitioned up to three main color planes as R,G,B and
each pixel of the color planes is sliced up to N binary bit planes, which corresponds to binary
representation of pixels. Thus depending on importance of information knowledge of the input image,
pixels of each color plane can be represented by fewer number of bit planes. Then they are
compressed by JPEG prior to turbo encoder. Hence, two consecutive compressions are achieved
regarding the input image. In 2-D images, information is mainly carried by neighbors of pixels. Here,
we benefit of neighborhood relation of pixels for each color plane by using a new iterative block,
named as “Adaptive Wiener—Turbo’ scheme, which employs Turbo decoder, JPEG encoder/decoders
and Adaptive Wiener Filtering.

Keywords: Image transmission, Image Compression, Turbo Coding, Color and Bit Plane Slicing,
JPEG.

1. INTRODUCTION

Image compression and transmission is one of
the main approaches in nowadays [1]-[23]. The
performance of AW-TS is investigated over
Additive White Gaussian Noise (AWGN)
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channel. It is a combination of turbo codes and
the 2D adaptive noise removal filtering. In AW-
TS, each binary correspondence of the amplitude
values of each pixel is grouped in bit-planes.
Then each bit of bit planes are transmitted and at
the receiver side, a combined structure, denoted
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as Wiener-Turbo decoder is employed. Wiener-
Turbo decoder is an iterative structure with a
feedback link from the second Turbo decoder
and Wiener filtering. The decoding process
continues iteratively till the desired output is
obtained. At the receiver, after each bit slice is
decoded and hard decision outputs are formed,
then all bit slice plane outputs are reassembled as
first bit from the first bit slice, second bit from
the second bit plane,.. , the most significant bit
from the last bit slice. Then these binary
sequences are mapped to corresponding
amplitude value of the pixel.

Here, the compression and transmission
performance of Adaptive Wiener-Turbo Systems
with JPEG & Bit Plane Compressions (AW-
TSwWJIBC), which is investigated over Additive
White Gaussian Noise (AWGN) channel. In the
transmitter side, AW-TSwJBC scheme uses Bit
Plane Slicing (BPS) [7], JPEG [8],[9] and Turbo
Codes [10], for compression and transmission
improvement, respectively. The compression
scenario reduces the significant amount of data
required to reproduce the image at the receiver.
In AWGN environment, 2D adaptive noise
removal filtering is used at the receiver side to
achieve a better error performance. In AW-
TSwJIBC scheme, each binary correspondence of
the amplitude values of each pixel is grouped in
bit-planes. A combined structure, denoted as
Adaptive Wiener-Turbo decoder is employed.
Adaptive Wiener-Turbo decoder is an iterative
structure with a feedback link between Turbo
decoder and Wiener filter. The decoding process
works iteratively till the desired output is
obtained. The advantage of neighborhood
relation of pixels is taken into account in AW-
TSwWIBC scheme to get improvement on image
enhancement. Instead of classical binary serial
communication and decoding, in our scheme, the
coordinates of the pixels are kept as in their
original input data matrix and each bit of the
pixel is mapped to corresponding slice matrix.

In AW-TSwWJBC, data rate can be increased up to
(N) times, by only transmitting most important
significant BPS. Then the other BPSs can be
transmitted to obtain more accurate 2D images.
Maximum resolution is obtained if all BPSs from
most significant to least significant planes are
decoded at the receiver side without sacrificing
bandwidth efficiency. Thus, our bit slicing

approach can also be an efficient way of
compression technique.

2. SYSTEM MODEL

AWTS The system consists of image slicer,
turbo encoder (transmitter), iterative 2D adaptive
filter, turbo decoder (receiver), and image
combiner sections as shown in Figure 1. The
decoder employs two identical systematic
recursive  convolutional  encoders  (RSC)
connected in parallel with an interleaver
preceding the second recursive convolutional
encoder. Both RSC encoders encode the
information bits of the bit slices. The first
encoder operates on the input bits in their
original order, while the second one operates on
the input bits as permuted by the interleaver. The
decoding algorithm involves the joint Estimation
of two Markov processes one for each
constituent code. The output of one decoder can
be used as a priori information by the other
decoder. The iteration process is done until the
outputs of the individual decoders are in the form
of hard bit decisions.

AW-TSwWJBC scheme consists of color & bit
planes’ slicer, JPEG encoder, turbo encoder in
the transmitter side; Adaptive Wiener-Turbo
System employing turbo decoder, JPEG decoder,
Adaptive Wiener filtering and color & bit planes’
combiners in the receiver side as shown in Figure
1. In order to increase the performance of the
scheme, at the receiver, JPEG encoders are
applied as a feedback link between adaptive
Wiener filtering and turbo decoder. In the
transmitter side of the proposed scheme, the
colored image is sliced into RGB planes and
each of RGB planes is separated to various bit
planes. As an example, we consider 8 bit for
each color plane, thus totally 24 bit planes are
encoded with JPEG encoders prior to Turbo
encoder. Turbo encoder employs two identical
systematic recursive convolutional encoders
(RSC) connected in parallel with an interleaver
preceding the second recursive convolutional
encoder. Both RSC encoders encode the
information bits of the bit slices. The first
encoder operates on the input bits in their
original order, while the second one operates on
the input bits as permuted by the interleaver.
These bit planes are transmitted over AWGN
channel by Turbo encoder block.
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2.1 Wiener Filtering Applied to Bit Planes
The goal of Wiener filtering is to obtain an
estimate of the original bit plane from the

degraded version. The degraded plane
g(n,,n,) can be represented by
g(nl’nz): f(nl’n2)+v(n1’n2) ()

where, f(n,,n,)is the nice, under graded plane
and v(n,n,)is the noise. Given the degraded
plane g(n;,n,)and some knowledge of the
nature of f(n,n,)and v(n,n,)and some
knowledge of the nature of f(n,n,)and
v(n,,n,) we want to come up with a function
h(n,,n,) that will output a good estimate

of f(n,,n,). This estimate is p(n;,Nn,), and is
defined by the following:

p(nlinz):g(nynz)*h(nvnz) (6)
P(w;,w,) =G(w;,w,)H (W, w,)

The Wiener filter generates h(n,n,) that
minimizes the mean square error, which is

defined by:
E{ez (n1l nz)} = E{(g (nl’ nz) — f (n1l nz))z} ()

This is a linear minimum mean square error
(LMMSE) estimation problem, since it is a linear
estimator, and the goal is to minimize the mean

squared error between g(n;,n,)and f(n,,n,).

Using the orthogonality principle, we can solve
this signal estimation problem. The principle

states that error
e(nvnz):g(nvnz)_ f(nlvnz) is
minimized by requiring that e(n,n,) be

uncorrelated with any random variable. From the
orthogonality principle,

Efe(n,n,)g’(m,m,)}=0 forall (n,n,)and (m,m,)(8)

We have:

E{f (n,n,)g"(m,, m,)}=E{(e(n,,n,)+ p(n,,n,))g" (m;, m,)}
=E{p(n,,n,)g"(m,m,)}

=E{(g(n.,n,)*h(n,,n,))g"(m, m,)}

= 373 hik, k)E{O(n —k,m, —k,)g (M, m)}

k=0 ky=—0
9)
Rewrite (9), we have:

R,(n—m,n,—m)
=3 S hk k)R (1 —k —m.n, -m,-m)

k=-ooky=—0

(10)
So:
ng (nl’nz):h(nl’nz)*Rg (n1’n2) (11)
P
H (w,, W,) _ Py (W, w;) (12)
Pg (W1'W2)

The filter in (12) is called the noncausal Wiener
filter.  Suppose f (N, n,)is  uncorrelated

withv(n;,n,)

E{f (n ry)v (m, my)}=E{F (n, no)3EV (m,my)}
(13)

Noting that f (n;,n,)and v(n,n,)are zero-

mean process, we obtain:

ng (n1v nz) = Rf (n11 nz)

Rg(nl’nZ):Rf(nl’n2)+Rv(nl’n2) (14)
and,
Pfg (W11 Wz) = Pf (le Wz) (15)
So,

P
H(Wl,Wz): f(Wl’WZ) (16)

P (W, w,) + P, (w,,w,)

If we further impose the additional constraint
that f(n,n,) and v(n,n,) are samples of

Gaussian random field, equation (7) becomes
minimum mean square error (MMSE) estimation
problem, then the Wiener filter in equation (16)
becomes the optimal minimum mean square
error estimator. The Wiener filter in (16) is a
zero-phase filter. Since the power
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spectra P(w,, w,)and P,(w,,W,) are real and

nonnegative, H (W, W,)is also real and

nonnegative. Therefore, the Wiener filter affects
the spectral magnitude but not the phase. By

observing (16), if we let P, (W, w,) approach 0,
H (W, w,) will approach 1, indicating that the
filter tends to preserve the high SNR frequency
components. If we let P,(W,,W,)approach
infinity, H (w,, W,) will approach 0, indicating

that the filter tends to attenuate the low SNR
frequency components. In our problem, Wiener
filter is applied to all planes and the additive

noise on the bit-plane v(n,,Nn,) is assumed to
be zero mean and white with variance of 0'3 . Let
fI(n,n,) shows each planes from 0" to 3
(ie. ] =0,1,2,3). Their
PJ(w,w,) then

power spectrums

are given by
P (w,w,)=(c])?. Consider a small local
region in which the plane f ’(n,,n,) is assumed
homogeneous. Within the local region, the

plane f1(n,,n,) is modeled by,
f!'(n,n)=m+o w(n,n,) 17)
where mfjand O'fjare the local mean and
deviation  of

standard f1(n,n,)and

w!(n,,n,) is zero-mean white noise with unit

variance effecting each plane. Within the local
region, then, the Wiener filter H'(w,,w,),

h'(n,,n,) is given by:

i _ Pfj(erWZ) _ (O'fj)2 .o
) ) R )~ (@ (@ O
(18)
: (o)) .
hl(nl,nz)zmﬁ(nl,nz); J:0,1,2,3
f v
19)

Then, the restored planes p’(n,,n,)within the
local region can be expressed as

(o)

@

pj(npnz):mfj +(gj(n1'n2)_mfj)*

s

el Elr jorne

(gj(nvnz)_mfj);

(20)
If we assume that M.’ and o’ are updated at
each symbol [2],

@Ye.n)

dFan@ram S Y

(21)

POn)=-mOnH

Experiments are performed with known all the
degraded bit planes, which are degraded by
adding from 2dB to -3dB SNR, zero-mean white
Gaussian noise. The resulting reconstructed
images (by recombining the four planes) are
shown in the figures from 6(c) to 11(c). The
window size used for estimate the local mean
and local variance is 5 by 5. From degraded

planes, we can estimate (0'; )?(n,,n,) only, and
since
(@) (n,n,) = (1) (n,1,) +(a))*(n, 1)
, Equation (21) changes to

@an-@ran

POn)=n (ﬂy@)*W @hn)-mOn) =234
(22)

In our scheme, we modify the generalized
Wiener Equation (22) as follows,
- oy @YY 0n)
i) —_mt) )3 :
Aian)=n’.n) @

(23)
As seen from Figures 6(c) to 11(c), the
performance of classical Wiener filtering,
according to Equation (22), is only satisfying at
higher SNR’s. The objective in our study is to
obtain better results at much lower SNR’s. So,
MAP based turbo-decoding algorithm is
considered after filtering process. So, in equation

22), p'(n,n,) (=0, 1, 2, 3) are taken the
degraded planes as the new inputs in the turbo

decoders. The resulting output planes can be
expressed as:
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we have at least 4dB and 2.5dB additional SNR
Ran)=Pan) (%Q)Z(q’r})—((ég)z(q’r})(ﬁg(q,r;)—nf(q,r})) improvement compared to that of classical image
(dg? )z(rl,r}) processing and conventional turbo coding

@ran-dYan

han=fanH @

(EYan-Fran
(@ran)

fan)=fan)-

@ran-dYan
Han)-fanH &) Pan-§an)
(24)

where, i is the iteration index for each plane,
between the wiener process and turbo decoder
(called WT iteration index). i can be taken from
one to the desired number. If it is taken one, the
MAP processed plane (at the output of the
decoder) enters to the wiener filter only one time.

In this case, we have P,’(n,,n,),P)(n,n,)
for each plane and the last iterated planes i.e.
PJ(n,,n,)are taken into consideration for
reconstruction.

3. SIMULATION RESULTS

In this section, we present simulation results that
illustrate the performance of the proposed (AW-
TS) algorithm over transmitting the image. Here
the generator matrix is g = [111:101], a random
interleaver is used and the frame size is chosen
as N=150, iteration (between wiener filter and
decoder) is taken 1. At first, the pixels of the
image is converted to 16 gray levels and then
sliced to four bit-planes. All planes are then
coded via RSC encoder and a random
interleaver. The coded planes are corrupted with
SNR = 2dB, 1dB, 0dB, -1dB, -2dB and -3dB and
transmitted. Figure (6-11) shows the corrupted,
traditional turbo processed, well known Wiener
image processed and reconstructed images via
AW-TS system. The results have shown that, to
recover the image corrupted at 2 dB SNR or
below, the well known image-processing and
conventional Turbo algorithms are not satisfying
as seen from the figures 6 to 11. The proposed
AW-TS algorithm gives good results from 0 dB
SNR to -3 dB. This is a challenging result and

Wan-Fan)

systems, respectively.

AW-TSWJBC scheme was experimentally
evaluated for the transmission of the 500x500
test image over AWGN channel. The first step of
the transmission is based on partitioning the
image into 3 RGB planes and then each of them

(e (QT})JIT? (N)is sliced to 8 BPSs. So 3x8=24 planes are coded

independently carrying some important and
highly protected neighborhood relations to the
receiver enabling to use adaptive Wiener filter
hence the whole performance of the system is
improved. Figure 12-15 show the reconstructed
images of system. At the receiver side, 24 bit-
planes are reassembled by considering the
neighborhood relationship of pixels. Each of the
noisy bit-plane is evaluated iteratively by a
combined block, which is composed of 2-D
adaptive noise-removal filter and Turbo decoder.
In AW-TSwWJBC, there is an iterative feedback
link between Wiener filter and Turbo decoder.
Our scheme employs a plane-wise adaptive
Wiener-based Turbo decoder and uses statistics
(mean and standard deviation of each plane) of
local neighborhood of each pixel in order to
obtain the highest probability of the symbols.
Figures (12-15) show the re-assembled bit-planes
and the resulted image at the decoder output for
SNR =1,2 and 3 dB values. In Figure 4 (a), for
each R,G and B plane, we have 8 bit plane slices,
2 of them are transmitted enabling 75 %
compression ratio, by BPS compression. The
transmitted planes are then re-compressed using
JPEG approach which is based on Discrete
Cosine Transform (DCT) compression. JPEG
process involves first dividing the image into 8x8
pixel blocks. Each block's information is
transformed to frequency domain, every 1x1
low-frequency elements are transmitted, the
others are discarded hence 87.5 % compression
ratio is obtained by JPEG. In this case some
high-frequency elements which contain a lot of
detail can be lost. The more these high-frequency
elements are discarded, the smaller the resulting
file and the lower the resolution of the
reconstituted image. As a result, 75 %
compression ratio for BPS and 87.5 % for JPEG
gives us 96.875 % total compression.
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4. CONCLUSIONS

The images being transmitted over noisy
channels are extremely sensitive to the bit errors,
which can severely degrade the quality of the
image at the receiver. This necessitates the
application of error control codes in the image
transmission. This study presents an efficient
image transmission by means of a new proposed
AW-TS (Adaptive Wiener-Turbo  System)
method, which takes the advantage of the
superior performance of error control codes,
Turbo codes. For comparison, the classical
image processing (based Wiener filtering)
algorithm, conventional Turbo coding, Adaptive
Wiener-Turbo algorithm (AW-TS) methods are
evaluated and the results are compared.

In this paper, we propose a reliable and efficient
compression-transmission system for 2D images
using BPS and JPEG (for compression) and TC
(for error correction) named as AW-TSwJBC
system. The traditional methods have been time
consuming, but the proposed method promise to
speed up the process enabling to get a better Bit
Error Rate. In compression we use less memory
storage and increase data rate up to N times by
simply choosing any number of bit slices,
sacrificing resolution. Hence, we conclude that
AW-TSwWJBC system will be a compromising
approach in 2-D image transmission, recovery of
noisy signals and image compression.
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Figure 2. N. Bit-plane decomposition of an image
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(d) (€)

Figure 3. Bit plane representation of 2-D image
(a) Original image (b) 1.Bit-plane (c) 2.Bit-plane (d) 3.Bit-Plane (e) 4.Bit-plane
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(e) ()
Figure 4: The effects of the various slice combinations.
(a) 0.Bit Plane+1.Bit plane  (b) 0.Bit Plane+1.Bit plane+2.Bit plane
(c) 0.Bit Plane+1.Bit plane+2.Bit plane+3.Bit plane (d) 1.Bit plane+2.Bit plane
(e) 1.Bit Plane+2.Bit plane+3.Bit plane  (f) 2.Bit plane+3.Bit plane
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Reconstiucted without turbo

(d) (€)

Figure 6. Noisy 2D image and various simulation results for SNR=2dB
(a) Corrupted image (b) Turbo processed image (c) Wiener processed image
(d) Most significiant partof AW-TS output  (e) AW-TS processed image
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Reconstiucted without turbo

(d) (€)

Figure 7 . Noisy 2D image and various simulation results for SNR=1dB
(a) Corrupted image with SNR=1dB (b) Turbo processed image (c) Wiener processed image
(d) Most significiant part of AW-TS output  (e) AW-TS processed image
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Recanstructed without turbo

(d) (€)

Figure 8. Noisy 2D image and various simulation results for SNR=0dB
(a) Corrupted image with SNR=0dB (b) Turbo processed image (c) Wiener processed image
(d) Most significiant part of AW-TS output  (e) AW-TS processed image
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JETNE Ea
0 40 & 8@ 100 1D 1M

(d) (e)

Figure 9. Noisy 2D image and various simulation results for SNR= -1dB
(a) Corrupted image with SNR=-1dB  (b) Turbo processed image (c) Wiener processed image
(d) Most significiant part of AW-TS output  (e) AW-TS processed image
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!
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Figure 10. Noisy 2D image and various simulation results for SNR=-2dB
(a) Corrupted image with SNR=-2dB  (b) Turbo processed image (c) Wiener processed image
(d) Most significiant part of AW-TS output  (e) AW-TS processed image
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Reconstucted without turbo

(d) (e)
Figure 11. Noisy 2D image and various simulation results for SNR=-3dB
(a) Corrupted image with SNR=-3dB (b) Turbo processed image (c) Wiener processed image
(d) Most significiant part of AW-TS output (e) AW-TS processed image
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Figure 12. AW-TSwJBC system model
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Figure 13. Reconstructed Image for SNR=1dB
(a) Totaly 96.875 compression (with 87.5 % JPEG and 75 % Bit Plane)
(b) Totaly 93.75 compression (with 75 % JPEG and 75 % Bit Plane)
(c) Totaly 87.5 compression (with 50 % JPEG and 75 % Bit Plane)
(d) Totaly 93.75 compression (with 87.5 % JPEG and 50 % Bit Plane)
(e) Totaly 87.5 compression (with 75 % JPEG and 50 % Bit Plane)
(f) Totaly 75 compression (with 50 % JPEG and 50 % Bit Plane)
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Figure 14. Reconstructed Image for SNR=2dB

(a) Totaly 96.875 compression (with 87.5 % JPEG and 75 % Bit Plane)
(b) Totaly 93.75 compression (with 75 % JPEG and 75 % Bit Plane)
(c) Totaly 87.5 compression (with 50 % JPEG and 75 % Bit Plane)

(d) Totaly 93.75 compression (with 87.5 % JPEG and 50 % Bit Plane)
(e) Totaly 87.5 compression (with 75 % JPEG and 50 % Bit Plane)

(f) Totaly 75 compression (with 50 % JPEG and 50 % Bit Plane)
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Figure 15. Reconstructed Image for SNR=3dB
(a) Totaly 96.875 compression (with 87.5 % JPEG and 75 % Bit Plane)
(b) Totaly 93.75 compression (with 75 % JPEG and 75 % Bit Plane)
(c) Totaly 87.5 compression (with 50 % JPEG and 75 % Bit Plane)
(d) Totaly 93.75 compression (with 87.5 % JPEG and 50 % Bit Plane)
(e) Totaly 87.5 compression (with 75 % JPEG and 50 % Bit Plane)
(f) Totaly 75 compression (with 50 % JPEG and 50 % Bit Plane)
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