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Abstract %.

In this paper, we propose Error Resilient SPIHT ¢ O.systemyto address the
issue of image transmission and reception oversfiei ayleigh g channel. Set
Partitioning in Hierarchical Trees (SPIHT) is ch the c%«ion algorithm since
it offers the lossless compression and excellentyrate distortion invnoiseless environment.
SPIHT encoded data is modulated in the r that '@I provide Unequal Error
Protection (UEP) to achieve error resilie proposed method, SPIHT encoded data is
divided into the low priority stream (@/ d theshi riority stream (HP) to achieve

UEP and as a result it yields high x alue.% streams are modulated using M-
QAM modulation scheme and ¢r ed over iple Input Multiple Output (MIMO)
system to achieve better divegsity. The adapt alue of M is determined by the proposed

algorithm. Simulation results tepict NR of received images are better as
compared to that reporte Fowdur\ 2].

>
Keywords: splr@no, 5@9 Fading Channel, EEP, UEP, PSNR

1. Introd@? @
With advarices in diWireIess communication, data transfer is not only restricted to

text, but it includes dutjo and images. Out of these images and videos occupy most of the
available chann idth during its transmission over medium in real time scenario.
This motivates velop an efficient algorithm that reduces complexity and bandwidth
requirem

t
Over &ars, many image source coders have been introduced which delivers PSNR
scal streams in an efficient time bound manner. The encoders achieve better
B@Nith fewer bits. But at the same time these source coder outputs are also
tible to channel noise and even a single bit error can sometimes render the image
useless. In general, wireless channels are noisy and transmitted bit stream suffers multiple
errors. This makes it important to develop a robust mechanism to protect bit stream from
these errors.

There exists a number of image compression techniques. JPEG is quiet popular among
them and is a DCT based algorithm. Lossy JPEG compression degrades a lot at high
compression ratios, with noticeable artifacts at block boundaries. Also, the quantization
error causes objectionable 'ringing' around sharp edges, especially in text.

Said and Pearlman introduced the Discrete Wavelet Transform (DWT) based Set
Partitioning in Hierarchical Trees (SPIHT) which is the most well-known EZW derivative
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[1]. SPIHT is known to offer better image quality than JPEG, especially at higher
compression ratios. It inherits the lossless compression as well as excellent rate distortion
in noiseless environment. We use SPIHT source coder bit stream for introducing error
resilience over a wireless channel.

Bit stream can be protected by Unequal Error Protection (UEP) as proposed by Pelz
where different parts of encoded stream have unequal importance [2]. Generally speaking,
there are two ways to achieve UEP.

First way to achieve UEP is channel coding as cited by Modestino and Daut where
different channel coding is employed in different parts of encoded stream based on their
importance [3]. Another channel source coding viz.,, Rate Compatible Punctured
Convolutional codes (RCPC) was studied by Hagenauer, where UEP is achieved by
puncturing high priority bits less frequently and low priority bits being punctured more
frequently [4]. Barbulescu and Pietrobon, used Turbo Codes to achieve UEP in the same
manner that of as RCPC [5]. Sherwood and Zeger used progressive image compfession»
scheme technique by cascading an existing image coder with carefully ch Mr
control coding [6]. §

The second way to achieve UEP is to rely on different modulation r a y have
-8]. entini and

different bit error rate susceptibility for same channel 8]
ded bit ms into sub
fter

Smith [7] introduced the concept of separating the S
streams based on their respective error sensitivi erea ub streams are
processed through three tier UEP. In the three tie sche i ength coding was
used for a fixed portion of the SPIHT coded bit stredffi and the u al error protection is
achieved by employing RCPC channel code mé‘ting pa s@nificant map only) and no
channel coding is done in the refinement(pdss. Since, &m It reorganization has been
performed on overall bit-streams, t It it Qs S progressiveness property. A
theoretical analysis of unequal erron( ction coded images in presented by

Cao [8]. @
Khan et. al., analysed SP source bit s

can be classified according to “their erro

divided into two sub st s: Criti i

characteristics and established that bits
abilities [9]. The source bit streams are
Stream (CB) and Non Critical Bit Stream
(NCB). The error Lr;g\ streamyrestits in the loss of synchronization and the image
may get degraded ly orm be retrieved at all during decoding at the receiving
end. The error in B"stream ild degradation in received image and generally do

not disturb ess. Therefore, CB bitstream is a high priority stream and
NCB is treated ; ity stream.

Let us look at simi ks done in the past. Fowdur et al., [12] in their work achieved
UEP using RCPC ifferent coding rate for different bit classes as well as prioritized

ortant bit classes. Ayyub and Ekram Khan [13] applied UEP using
puncturing rate depending on importance of bit streams. Both of these
groups ¢ ed presence of AWGN channel noise in their work. Yap and Ngan [14]
applied ture of RCPC codes and interleaving to combat the burst errors produced by
the fadigig”channel. They considered Rayleigh fading channel noise in the transmission

this paper, we propose a novel algorithm to transmit the SPIHT coded bit stream
using unequal error protection over MIMO system under Rayleigh fading conditions.
Here, we separate SPIHT coded bitstream into High Priority stream and Low Priority
streams and modulate them with M-ary modulation scheme, where different rate of M
selected for HP and LP stream as per proposed algorithm. Finally it is transmitted over
MIMO system and decoded at the receiver. The paper is organised as follows: Sections 2
discusses the basics of SPIHT algorithm. Sections 3 and 4 describe the basics of MIMO
and Alamouti OSTBC systems respectively. Section 5 discusses the experimental setup of
proposed method followed by results and discussion in section 6. Section 7 concludes the
work.
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2. Set Partitioning In Hierarchical Trees (SPIHT)

As the name implies, Set Partitioning In Hierarchical Trees (SPIHT) is based on
hierarchical set partitioning method. SPIHT arranges wavelet coefficients as a collection
of spatial orientation trees, where each tree consists of coefficients from all sub bands that
correspond to the same spatial location in the image. Figure 1 depicts wavelet
decomposition and spatial orientation tree. A large number of insignificant coefficients
are considered as a set and compactly coded together as an insignificant set symbol
instead of coding each insignificant coefficient individually. It also defines a partitioning
rule to divide a given significant set into smaller subsets to efficiently extract the
significant coefficients.

EE N

1 S Q/Cg;
Figure 1. Two-level Wavelet Decomn ant\%tlal Orientation Tree
The algorithm works by partitio %e wag&omposed image into significant

partitions based upon the given 5@1 (1)

oth

S n
*\« x{|v (. D= 2"
Q % @
\ oefﬂcﬁ@v' values larger than a given threshold. For Sy(T ) =
an’insig @,an et; else, T is called significant set. An insignificant set

“0,” whereas a significant set is partitioned into subsets,

asi
whose significances & tested again.
SPIHT consist ?b 0 main stages - sorting pass and refinement pass, executed in the
order of appear. . Sorting pass again consists of three linked list elements:

where T is a
0, T is said

LIP — st of insignificant pixels
LIS @t of insignificant sets

List of significant Pixels
@P is an empty stream at the start. LIP consists of co-ordinates of all tree roots in the
lowest sub band, and LIS keeps all tree roots with nonempty descendent trees which are at
the lowest sub band. The first pass i.e., sorting pass scans the LIP and moves all
significant coefficients to LSP and stores its sign. Then, it scans LIS executes the
significant information following the partitioning sorting algorithms.

The second pass i.e., refining pass scans the coefficients in LSP and produces a single
bit output based on the current threshold. Then, threshold is divided by 2 and the encoder
executes the two passes again. This procedure is recursively applied until the number of
output bits reaches the desired number. The decoding is symmetric and relies upon
replacing “output” by “input” only. In a way, it is nearly symmetric to encoder (receives
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largest msb level that encoder finds and outputs). SPIHT bit stream generates an output
bit stream with different degree of vulnerability.

Error in non-critical bits degrades the image locally without affecting synchronization
between encoder and decoder. On the other hand, errors in critical-bits lead to global error
thereby disturbing synchronization between encoder and decoder.

3. The MIMO System

The block diagram representation of MIMO transmitter and receiver system is shown
in Figure 2. The input stream is passed through coder and is first interleaved. This stream
is passed to symbol mapper, say, M-ary QAM modulation and further passed to space
time encoder which outputs multiple spatial data stream. Finally, it is transmitted over Nt
antennas. The data is received and mapped over Nr antennas and is decoded in reverse

order w.r.t. the transmitter.

N/
Transmitler v ransmitter
7~
I]l;pul. ’_"-;/ J
its Coding Symbol S ~ P
- ﬁ - =
e N éiss |8 oy
('\ \%!; :
*
Q \9 Nr Receiver
Ot _\“0 ] —YI
Dcmt;l;nvmg \ Sgn.r;:— <.= Sf;ﬁ
: decoding decoding - processing j
<— hd
Fi . MIMO nsmitter and Receiver
We assume th$ itting antennas is Ny and i" transmitted signal is
represented here i represents the antenna number i.e., i= 1... Ny. Similarly
number of antenif@8.is N and j™ received signal is represented as yj(t), where j
is represent antenn eri.e., j=1,... Ng. The relationship between transmitted and
received srgnal is g| gn. (2).

(2)

@ Zhll(t) sxi() +05(0,  j=0,1,..Ng

1](t) is the channel impulse response between the i" transmitter and j"

whe

@e channel impulse response matrix of MIMO is given by Egn. (3).
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|
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MIMO systems can be used efficiently to achieve transmit or receive diversity
depending on whether multiple transmitter are used at transmitter or receiver side. Both
could be achieved by using multiple antennas on either side. The MIMO systems thrives
on the assumption that there exits an extremely low probability of multiple channels
undergoing simultaneous deep fades under various diversity conditions.

4. Alamouti’s Orthogonal Space-Time Block Coding

The capacity in MIMO system can be exploited further by using spatial diversity, to
combat channel fading. This can be achieved by transmitting several replicas of the same
information through each antenna. This leads to exponential decrease in the probability of
information being lost. The diversity order or diversity gain of a MIMO system is defined
as the number of independent receptions of the same signal. A MIMO system with Nt
transmit antennas and Ng receive antennas has potentially full diversity (i.e., maximum,
diversity) gain equal to NtNg.

Alamouti published his work on transmit diversity and is the first known_Sp ime
Block Coding method [11]. The Alamouti STBC scheme uses two transmif a as and

Ng receiver antennas and can attain a maximum diversity ofder,of 2Ng AlsaZAlamouti

scheme achieves full rate since it transmits symbols ever e intervadS. Fhe Alamouti
matrix is defined by Eqn. (4).

MRS \\/ @

QG

Alamouti scheme belongs to Ortho ow@pace-T' hock Coding (OSTBC) class.
Orthogonal STBCs are an important s of ‘ BCs that guarantee that the ML

*

(Minimum Likelihood) detection erent syl is decoupled and at the same time
the transmission scheme achie ersi;[y er egual to NtNk.

5. Our Proposed Megthod ,\\'Q\

The proposed met es not interfere with the encoder process, but efficiently deals
with output of SP cod ver relatively good image quality even in the noisy
environment.

The SPI three ed lists LIP, LIS and LSP, already discussed in section 2.
On closer i tion, it& aled that LIP and LIS are Low Priority streams i.e., error in
these bits only degr e image locally. On the other hand, LSP causes global error

leading to catastr ilure of decoding process due to lack of synchronization between
encoder and d er. Further, it is found that position of error in LSP bitstream also
matters, i.e., mostly error in first half of stream induces global error while the impact is
not severe he second half. Thus, we assign the first half of the LSP bit stream as a
High Pty stream and the second half as a Low Priority stream. SPIHT header
info on is needed at SPIHT decoder stage since parameters must be matched to
, hence this is also considered as High Priority stream.
sed on the above observations in the proposed algorithm, the SPIHT stream is
divided into two sub streams - Low Priority bit stream and High Priority bit stream
depending on their error vulnerability. In addition to the usual encoded bitstream, we also
take due care of header information which must be matched exactly at receiver side for
decoding to be performed. The header contains critical information like image size, type
of wavelet decomposition used etc. To preserve header in very noisy condition, we use
repeated coding, without any real impact on bandwidth. This is due to the reason that
header information is composed of only few bytes.
In line with the UEP scheme, the proposed algorithm modulates Low Priority stream
with 16-QAM modulation whereas the High Priority stream is modulated using 4-QAM
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modulation. This modulated data is sent over OSTBC MIMO system through Rayleigh
fading channel to achieve better channel diversity as well as spatial diversity. At the
decoder, the data is received by NR MIMO receiving antennas. Depending on whether
data consists of HP stream or LP stream, it is decoded with 4-QAM or 16-QAM
demodulator respectively. The received HP stream and LP stream are passed to the stream
combiner which results the stream output in the same fashion as they were before passing
into the stream splitter used in the transmitter section. Figure 3 depicts flow chart,
exhibiting transmission and receiving process.

Input Image SPIHT Encoder Str(_aam
Splitter

HP
s Stream V’
4-QAM ]

-

_-t~  Modulator

lei £ N
To Rayleig o MIMO Transmitter

Fading Chan _
Ny=2
oo (N7=2)

N 4-QAM
& N emodulator

From Rayleigh \;mo Receiver, ( - N /
Fading Channel or2)
coe B ’\\6

16-QAM
Demodulator

fA
* LP Stream
J

SPIHT Stream <
Decoder Combiner
Figurg )i (a) Encoding and Transmitting the Image over MIMO Rayleigh

Fade nnel, (b) Receiving and Decoding to Obtain the Reconstructed
Image

@ use two 256x256 gray scale images — Lena and Baboon for simulation purpose.
The objective is to establish generality and accuracy of results obtained using the
proposed method. We first pass the image to SPIHT encoder. The stream is then split into
Low Priority Stream and High Priority Stream. The Low Priority and High Priority stream
are sent one by one in known order of their respective modulation scheme followed by the
MIMO transmitter to the Rayleigh faded channel. At receiver, the transmitted stream is
received from Rayleigh channel and arranged into the LP and HP stream in known order
w.r.t. transmitter. The streams are then demodulated and combined to form input to the
SPIHT decoder. This arranged data stream is further passed to the SPIHT decoder to get
back the reconstructed image. To evaluate quality of reconstructed image w.r.t. the
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received image, we calculate PSNR in dB, which is represented by Eqgn. (6). The PSNR
uses Mean Square Error (MSE) given by Egn. (5).

\A 8, )
Z Z )
i=1 j=1 y
255% )
PSNR(dB) =10*log,, (6)
\ MSE )
where, Aj; represents original image
Bjj represents reconstructed image
x and y are height and width of the image respectively.
6. Results and Discussion .
We simulate results for Lena and Baboon using Matlab R2013a. Resul ual
Error Protection (EEP) are compared w.r.t. UEP scheme for 2x1 MIMO agd IMO

systems. It is clear that results for UEP for both MIMO systems ar an EEP.
Moreover, the results for 2x2 MIMO systems are obser%&be bett% 2x1 MIMO
systems due to enhanced spatial diversity.

Table 1 compiles the comprehensive mmulan@ s fo |mages both for
UEP and EEP under MIMO 2x1 and 2x2 configu Itis d that by increasing
N for MIMO systems, reception quality for ;Qqes can, b@ther enhanced greatly due
to reduction in BER.

Table 1. Reconstructed Ima @ Q&&ena and Baboon 256 bit
cale |

Baboon Image

Channel MIMO-2x1 “MlM

SNR MIMO-2x1 MIMO-2x2
(ndp) |72 Ne3llp.| (Nr=2 e (Nr=2, Ng=1) (Nr=2, Ne=2)
EEP EER |WDEP | EEP | UEP | EEP UEP

*
13 2.3 \\5.6 ; 11.8 2.09 16.6 16.2 24.6
14 6. 718 989 ¥ | 118 6.3 19.5 17.2 26.4
15 } ) 4.8 30.5 9.58 21 17.8 30.3

19.8
16 N W1 Vo147 35.8 103 25.9 18.9 317
17 14 25.9 338 17.8 275 21.2 319

18 13 %54 44 a4 185 30.5 215 433
19 A % 361 441 441 18.8 32 433 433
20 | oF 343 241 441 205 33.8 433 433
21 _N 1.9 343 441 441 21.9 34.1 433 433
441 441 441 441 433 433 433 433

@' 441 441 441 441 433 433 433 433
441 441 441 441 433 433 433 433

25 441 441 441 441 433 433 433 433

The received Image PSNR for varying channel conditions in terms of channel Noise
Eb/No is plotted in Figure 4 and Figure 6 for Lena and Babbon respectively. This is both
for 2x1 and 2x2 MIMO systems. Their BER is calculated and plotted in Figure 5 and
Figure 7 respectively. The PSNR improves with decreasing channel noise i.e., E,/N, while
the BER decreases over improving channel noise conditions. The high priority bits are not
protected in EEP scheme hence they are prone to error. On the other hand, in UEP as we
incorporate extra protection to high priority bit stream w.r.t. low priority bit stream, it
leads to improved performance.
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Figure 7. Bit Error Rate versus Channel E,/ Q‘/Bab
A quantitative study to compare the performance prresented in
Table 2 and Table 3 for Lena and Baboon res at c nn ise 16 dB. The
received images are also appended in Tables 2 an

Table 2. Comparison of EEP aﬁ@P Reg@or Lena Image
MIM

MIMO-2x1 (NT—2 NR—P\ N e‘ 0-2x2 (NT=2, NR=2)
SNR
16 dB
PSNR
(dB)
BER 0.0275 m 0.0178 0.00144 8.65E-4

\4
Tabl‘e @nparison of EEP and UEP Results for Baboon Image

<& MIMO-2x1 (Nt=2, Ng=1) MIMO-2x2 (N1=2, Ng=2)
J EEP UEP EEP UEP

%N

16 dB

PSNR 10.3 25.9 18.9 31.7
(dB)

BER 0.0271 0.0192 0.00118 8.03E-4
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Note that, for both these images considerable improvement is observed in the visual
quality of the received image in case of UEP. An improvement of 13 dB and 20 dB is
observed respectively for 2x1 and 2x2 MIMO systems. This is presented in Table 2.
Similarly, data compiled in Table 3 shows an improvement of 15 dB and 13 dB for 2x1 &
2x2 MIMO system respectively for Baboon image. The BER is found to decrease
considerably both for Lena and Baboon as we switch from EEP to UEP. This clearly
depicts considerable improvement in image quality obtained as a result of the present
experimental setup.

Previous works done on UEP have focussed on joint channel source coding technique
(JSCC) and mostly considered only AWGN channel in their work [12-14]. In the present
work, we successfully use adaptive modulation scheme over SPIHT coded bitstream
under more adverse Rayleigh fading channel conditions. The coded bit stream is
transmitted over MIMO channel to achieve spatial and transmit diversity. The results
show significant improvement for UEP scheme w.r.t. EEP scheme in receivedaimage»
guality. Results obtained using adaptive modulation technique are either on p n
better in some cases w.r.t. previous works done using JSCC Fowdur use
RCPC channel coding with different code-rates as well as prioritized r 5|on of
high priority bits over AWGN channel conditions. They art aver. f 2dBto
7 dB for different source coding rates of RCPC and by n ret ans on frequency
for high priority and low priority bit streams. Th Q@bta ne s in the present
case clearly outperform their results. This is m@t ribut hanced protection
given to the high priority bit stream which saves™t from beifg ‘corrupted in adverse
channel conditions by using M-ary adaptive odula\ heme

0

7. Conclusion

In this paper we propose a no eme for ISSIOI’I of images over error prone
fading channels using UEP sc ased upen si nlflcance of SPIHT source coded bit

information and by varyin ulation
transmitted over MIMO
further improving ov:

ccordingly. The coded bit streams are
tter transmit and spatial diversity thereby
quality. The simulation results verify the

proposed schem c ieve U using adaptive modulation scheme. The present
transmission sch perf ther similar scheme proposed by Fowdur et al., [12].
This is be prowded nced protection to the high priority bit stream as
compared ’ riori tream which saves it from being corrupted under adverse
Rayleigh fac chann |t|ons
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