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Abstract however, the addifgn o its that carry no
ses the data rate and

Recent advances in image compression have
enabled the creation of efficient, embedded source
coders. These source coders generates PSNR scalable
bit stream, in which each additional bit is used to
refine an image and improve reconstruction quality. wireless mobile channels. It is a
The encoded bit streams are highly susceptible to bit Quadrature Amplitude Modulation
errors and single bit errors can render the entire nd provides unequal error protection (UEP).
image useless. Since wireless channels suffer from i imple and efficient approach in whicmno
significant bit error rate, some mechanisms to prgia i signal-constellation is used to give diffiet

the encoded image is required. Withou s of protection to the transmitted bits. The
mechanism, the channel bit errors will € ntage of this method is that different degrafes

accurate decoding of the image. protection are achieved without an increase in
modulation  method,  Hierarchic bandwidth in contrast to channel coding that insesa
Amplitude Modulation (HQAM) the data rate by adding redundancy to the traresitt
Unequal Error Protection (UEP) signal [2, 7-9]. Performance comparison is caroetl

i through computer simulation using 16-HQAM
paper examines the partitioni ili techniques with gray image as test image for dffer
SPIHT coded image bit values of the modulation parameter.
16-HQAM  technique This paper has been organized as follows: In sectio
channels. The per g using gray test 2, general model of image transmission is given.
image for differe ulation parameter. Section 3 considers an overview of SPIHT image
compression technique. In section 4 overview of
Hierarchical QAM describes. Based on computer
simulation results, the performance of HQAM for the
transmifdsion of images over wireless partitioning and transmission of SPIHT coded images

hannels, bandwidth limitation and 'S considered in Section 5.

high provgkd# of error are two major concerns. . L

Therefore, compression is applied to the transthitte 2- Model of image transmission system

data in order to conserve the bandwidth. However,

compression increases bit dependency that in turn The essentials of the image transmission system
introduce error extension effects. Another problem considered here are shown in Fig. 1. The source
unique to wireless networks is the extremely hestil encoder encodes the source image using appropriate
and random nature of the channels that introduceimage compression technique. For the protection of
distortion and considerably degrades the imageitgual coded image in Fig. 1 channel encoder add redurydanc
Error control coding is used to control the errors, to the coded image by using appropriate channel

the use of an asymmetric
known as Hierarchical Quadrature
(HQAM) for the transmission




coding technique. Modulator modulates the coded coefficients in the highest frequency sub-bandseay
image and transmits through wireless channel. QAM i child, each coefficient in the remainder sub-bahds
invariably used as the modulation technique [10, 11 four children.

The channel introduces noise and distortion to the
transmitted image. The demodulator receives thgéma %d:jj

—

data with error and demodulates it. After channel jjl’ji‘

decoding, the coded image is decompressed. ﬁ
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Figure 1: Model of image transmission system

3. Overview of SPIHT image coding nt pixels (LIP), list of significant péls

There are three coding steps in SPIHT enco list of insignificant sets (LIS). Thusmiol

which is shown in Fig.2. From the figure, we

ever, according to [12], entropy coding will
increase computation complexity and introduce

with  pyramidal structure to ach . . . o
possible error propagation while data compressson i

coefficients. After ap-level wavelg trafgfo o
image can be decomposed to bg# series 3 agé'm'ted'

(or sub-bands) with different 0l 40nNs. e sub- . .

bands can be organized in | orientatioe tre 4 Hierarchical QAM
structure.

Hierarchical Quadrature Amplitude Modulation
(HQAM) is more spectrally efficient and dc-free

Input r ‘ Output modulation scheme [13]. It provides different degoé
Image _ symbois| | " protection to the transmitted data bits, in whitle t
S ) Streams " high priority (HP) data bits are mapped to the most

-~ bits are mapped to the least significant bits (L8B)

the modulation constellation points. Using HQAM Iwil

Eczt;?fg __________ | therefore, result in improved image quality complare
with QAM specially at low channel SNR conditions,
since the highly sensitive HP data bits are mapped

Figure 2. SPIHT encoder the MSBs with low bit error rate (BER) in HQAM. For

the sake of simplicity only 16-HQAM is considered i
A 3-level DWT spatial orientation tree structuredan this paper.

corresponding decomposition of the Lena image are In Hierarchical QAM, it is possible to give higher
shown in Fig.3 (a) and (b). In Fig.3 (a), the arsow protection to the most important data (significhits)
between  sub-bands  represent father-childrenby changing the value of modulation parametes is
relationship between wavelet coefficients, in whitte  the ratio of the distanck between quadrants to the
coefficient in the lowest frequency sub-band and

D significant bits (MSB) and the low priority (LP) @a




distancec between the points within a quadrant. In the four symbols in every quadrant have the same HP bit

constellation diagram referring to Fig. 4(b) the
modulation parameter = b/c. For a given transmitted
signal power the sum ob and c should remain
constant. The value af should not exceed the square
root of the carrier powerp. Otherwise, the
constellation points of the same quadrant will &gr
Wheng = 1, i.e.b=c HQAM results in QAM as can be
seen from Fig.4(c).
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Figure 4: Constellation diagram of (a) 16-QAM
and 16-HQAM for (b) a=2and (c)a=1

Referring to Fig.4(c), the two MSB represent the HP

bits which have lower BER than the two LSB bitsBLS
bits are representing LP bits. It can be seen ttiat

but different LP bits; this is also called constttin
overlapping and ensure that the HP bits to be
transmitted correctly [11].

5. Simulations and results

In order to allow unequal error protection, the I$PI
coded bit stream is partitioned as critical (sigaifit) and
non-critical (insignificant) bits to two sé@aratie ftream.
The critical bits contaiimage size, numb®g of bit plane,
wavelet decomposition level gnd sign . Othds bi
are belongs to non- critical bit
and non-critical bit strea
constellation points (Fig.4

16-H@A

. Fig.5 shows theppsed
f SPIHT coded image
using 16-HQAM technique.
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Figure 5: Proposed simulation flow diagram of
SPIHT coded image transmission and
reception using 16-HQAM technique



For the transmission of SPIHT coded images, the 0.2 0.6 1.C
SNR was kept at a fixed value of 18 dB. Fig.6 shows BT 3
the PSNR vs. Bit rate (bpp) graph where it is shan

for the greater value of modulation parameter the
PSNR of transmitted image is higher than the lowé1
value of modulation parameter.

The results are shown in Fig.7 for AWGN channel.
Here each row represents the value of modulation
parameter for 1 to 5 and each column represents bit
rate (bpp) for 0.2, 0.6 and 1.0. From the resu$f geen
that when the value of modulation parameter in@gasz=2
then the quality of image also increases for déffiebit
rate (bpp).

PSNR

Figure 7: Reconstructed images using
different bit-rate (bpp) and different value of
the transmission Modulation parameter for AWGN channel
y of data. @&l

coding providesfiprote adding check bitshwit

image data butf i dundancy. If erroucec  10. References
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