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Abstract— Joint source and channel coding (JSCC),
multicarrier modulation (MCM) and diversity are some
key techniques for the multimedia transmission over
wireless channels. In this work, we first investigate the
channel estimation problem for the MCM system with
multiple transmitter antennas. A model based channel
estimation approach is proposed to identify the multi-
ple channels simultaneously. We then apply the model
based channel estimation in a joint source and channel
matching (JSCM) scheme for the robust progressive im-
age transmission. It is shown that the channel estimation
affects not only the image decoding at the receiver but
also the rate allocation at the transmitter. It is impor-
tant to jointly consider the channel estimation and JSCM
scheme to improve the quality of image transmission.

I. INTRODUCTION

To support the broadband applications such as image
and video in wireless communcaitons, one challenge is
to combat the serious impairment of the wireless chan-
nel. Multicarrier modulation (MCM) is considered as
an effective technique for wireless broadband commu-
nications [1] for its great resistance to the inter-symbol
interference (ISI) caused by the multipath effect because
of its relative longer symbol duration. The other serious
impairment of the wireless channel is the fading effect.
To combat fading, multiple antennas can be used at the
receiver and/or at the transmitter, which are known as
receiver diversity and/or transmitter diversity, respec-
tively, to collect different copies of signal in order to en-
hance the received signal power. It has been proved in
many works [9] that the channel capacity is proportional
to the number of the transmitter or receiver antennas.

In this paper, we use the MCM system with diver-
sity to provide a robust pipe for image transmission.
In [11], it is proved that the subchannels in a MCM
system with sufficient diversity can be viewed as a non-
fading AWGN channels. Then we can apply various so-
phisticated joint source and channel coding techniques
originally designed for AWGN channel for multimedia
transmission. One such joint source channel matching
(JSCM) is used in [11] to transmit image progressively
through wireless channel. In the algorithm, the image is
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encoded progressively [12], [13], then different channel
codes are selected to provide unequal error protection
according to the importance of the encoded irnage. How-
ever, like most research on joint and source channel cod-
ing, the channel responses are assumed perfectly known
to the receiver and the corresponding receiver perfor-
mance is used for the selection of the channel codes.
Such an assumption is not true in practice. The re-
ceiver has to use a channel estimation algorithm to get
the channel responses. In this paper, we investigate the
channel estimation problem for such a system and the
effect of the channel estimation on image transmission
using JSCM by applying the channel estimation results
at both the transmitter and the receiver.

Various channel estimation schemes are proposed for
various communication systems [3], [6], mostly for single
antenna system. The challenge of the channel estima-
tion for the system with transmitter diversity is that
we have to estimate multiple sets of channel responses
from the same set of observations as that in the single
transmitter antenna case. Our solution is to exploit the
correlation among channel responses by using some effi-
cient channel model and projecting a larger set of chan-
nel responses onto a smaller set of model bases. Thus,
small number of model coefficients need to be estimated
instead of the large number of channel responses. The
estimation noise is hence greatly reduced.

Based on the proposed channel estimation scheme,
we apply it in the robust progressive image transmis-
sion using JSCM. The simulation shows that the chan-
nel estimation scheme has a great impact to the result
of the JSCM algorithm. It is important to jointly con-
sider channel estimation when design such joint source
channel coding algorithm.

II. MCM SYSTEMS WITH TRANSMITTER DIVERSITY

In a MCM system with mr transmitter antennas and
mpg receiver antennas, one block of data symbols comes
into the encoder and forms mz blocks of MCM symbols
to be mcdulated simultaneously. From the ith transmit-
ter antenna to the jth receiver antenna, the nth block



of data generated by the space-time encoder consists of
K subsymbols X;[n,k], k =0, ---, K — 1. Then the
modulation is implemented by K-point inverse discrete
Fourier transform (IDFT). The modulated signal passes
through a P/S converter and a cyclic prefix of length
v is inserted before sending it to the channel. At the
receiver, the cyclic prefix part is discarded. The demod-
ulation then is performed by discrete Fourier transform
(DFT). If the suchannel number is large enough and
the cyclic prefix is long enough, then the subchannels
can be viewed as independent of each other, i.e., the re-
ceived signal Yj[n, k] of kth subchannel in nth block at
jth receiver antenna is

mr
Yiln, k] =Y Hin, k| Xiln, k] + T5[n, k], (1)
i=1
for j =1, ---, mpg, where H;;[n, k] is channel response

from the ith transmitter antenna to the jth receiver.
Y;[n, k] is the noise at the jth receiver antenna. The
noise is assumed to be white Gaussian noise with zero
mean and variance of 62 and independent with different
n’s, k’s and #’s, j’s.

The detection and decoding are done over Y;[n, k]’s.
The general detection metrics is
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Yj[n, k] — Hij[n, k| Xi[n, k]
1

The detected signal is the transmit sequence that
minimize this metrics. Different detection techniques
are developed according to different space-time coding
schemes. However, the channel responses Hjj[n, k]’s are
all necessary for coherent decoding which is used by
most of space-time codes. Moreover, it is obvious that
at each receiver antenna we need to estimate my sets of
channel responses Hjj[n, k]’s fori =1, ,---, mr, which
make the channel estimation problem more complicated.

We assume that all the channels from different trans-
mitter antennas to different receiver antennas have same
global statistical property, i.e., same delay and fading
property.

III. MopEL BASED CHANNEL ESTIMATION

In this section, we begin to consider the channel es-
timation problem at jth receiver antenna. The estima-
tion scheme developed here can be applied at all receiver
atennas to obtain all the channel estimations. From now
on, we will omit the subscript j. H;[n, k] denotes the
channel response from the ith transmitter antenna to
the receiver antenna.

‘We assume that mr training sequences t;[k]’s are sent
simultaneously from all transmitter antennas. Then
considering a window of L received symbols Y[n, k] =
[Y[n, k] Y[n,k+ 1) --- Y[n,k+ L — 1]]T, write (1) in
the matrix form we have

Y[n, k] = A[k]Hn, k] + Y[n, &], (3)

where A[k] = [A,[k] Az[k] -~ Amng[k]] and H[n, k] =
[H’{'[nr k] Hg‘[nr k] et HaT[n, k]]T, with

A:[k] = dia'g(ti[n7 k]: ti[nlk -+ 1]7 T ti[nvk +L-— 1])
and
Hi[n, k] = [Hi[n, k] Hi[n, k+1] --- Hi[n,k+ L -1]]7,

fori=1,2,---, mr.

If we only have one transmitter antenna, then Al[k]
and H{n, k] degenerate to A;[k] and H;[n, k]. Because
A, [k] is a square matrix, we can get a channel esti-
mate directly from (3) as Hj[n, k] = AT[k]Y;[n, k.
However, now we need to estimate mr sets of chan-
nel parameters related to different transmitter antennas.
The number of parameters required to estimate becomes
mgL which is mr times of that in the single transmitter
antenna case, but with same amount of L observations.
By no means we can directly estimate H;[n, k] from (3).

Our solution is to use an efficient model to exploit
the correlation of the channel. We try to project a large
number of channel parameters to a small number of basis
functions p(f), and expressed by the coefficients of the
model basis, bi[n, k’s, Hi[n, k) = Zg_:_;bi[n, klp(FAS).
If the channel responses H;[n, k]’s are correlated, we can
find a model basis p(f) that we can express H; ;[n, k] as

H;{n, k] ~ Qb;[n, k], @)

where Q is a L x [ matrix consisting of the model basis
and bi[n, k] = [8[n, k] b}{n, k] --- b;~*[n, k).

The problem now is to find the model basis that can
express the channel responses with less model coeffi-
cients and small model error. In ideal case, we know
the correlation matrix of the channel responses defined
as Ry = E[H:[n, kjJHH[n, k]]. The model basis Q is
the matrix consists of the eigen-vectors of the correla-
tion matrix that corresponding to non-zero eigen-value
of Ry. However, the correlation of the channel re-
sponses is usually not available. We need to look for
some model basis that can have a fairly small model
error for most or some types of the real channels. We
study two such model basis in this paper, one is Fourier

;2mn

basis, (Q)mn = te 7, for m =0, ---, L — 1 and
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n =0, ---, | — 1. Another is polynomial model ba-
sis, (Q)mn = (m — L/2)" for m =0, ---, L —1 and
n=0,---,1-1.

Suppose we find some efficient and accurate model
and express the channel as (4). If the model is also
efficient enough that mrl < L, substituting it in (3),
then we can get the LS estimation of model coefficients
and construct the channel estimation as

Hin, k] = QR [k]Q7 P[n, k], (5)
Q o 0
where Q = 0 Q 0 s
o 0 - Q
R[k] =
QACu[k]Q QFC[kQ Q7 Cim,[K]Q

Q7Cxn[KQ  QFCx[k]Q Q7 Comy [KQ

QYCmn[k]Q Q¥ Cmp2(k]Q Q¥ Crym, [K]Q
Pln, k] = [Pi[n, k] Pa[n, k] Poln, k17, with
Cij[n, k] = A[k]AF[k] is the correlation of the trans-
mitted signal and P;[n, k] = AZ[k]Y[n, k] is the cross-
correlation between the transmitted and received sig-
nals.

It can be seen from (5) that the channel can only be
identified when R~![k] exists. This is called identifica-
tion condition. The necessary condition is that I < ﬁl’?,
which means that the channel model has to be efficient
enough. On the other hand, the efficient enough model
has to be accurate enough. For a fixed model, how ef-
ficient we can express the channel then depends on the
channel characteristics and the model error allowed. It
is usually required the model error to be much less than
the noise. If the channel changes too fast, there is no
efficient enough model to approximate it within the al-
lowed model error and the channel is not identifiable.
In this case, the training sequences from different trans-
mitter antennas have to be sent at different time, which
increases the overhead of the system. Moreover, the
structure of the model alone can not guarantee the iden-
tification condition. Proper training sequences need to
be carefully chosen carefully.

IV. RoBUST PROGRESSIVE IMAGE TRANSMISSION

The subchannels in MCM systems with enough trans-
mitter diversity can be viewed as AWGN channels [11].
Therefore many sophisticated techniques originally de-
signed for AWGN channels can be applied to MCM sys-
tems with transmitter diversity. Here, we look at a joint
source channel matching (JSCM) scheme for robust pro-
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gressive image transmission. The image coding algo-
rithm used is SPIHT (Set Partitioning In Hierarchical
Tree) [13’ which is a refined version of embedded zero-
tree algorithm [{12]. The output of the SPIHT encoder
is progressive such that whenever the transmission is
stopped, the received data can be used to reconstruct
an image with corresponding quality.

The SPIHT bit-stream is packetized into source-
packets of size b, bits for packet n. The source packets
are channel-coded by the assigned channels codes and
transmitted over the noisy channel. RS chanuel code is
used to protect the source packets because of its burst
error correction capability. Each MCM block n is a RS
codeword RS(K,k,) over GF(2™), where k, = %;; is
the RS information symbols in the MCM block. If the
first N source-packets are correctly received, the image

ZN= (kntn—16) bpp

can be reconstructed to a rate R =
Dy Dw

>

,where Dy x Dw is the dimension of the irnage. Ac-

cording to the progressive source coding, the important
packet has to be transmitted correctly in order to decode
the subsequent packets. This means that we need add
more error protection to ensure that the correct trans-
mission of the important packet. On the other hand, in
order to get a higher resolution image, we need need to
transmit source coding bits.

If we know some performance measure of the image,
D(R), such as the Peak-Signal-to-Noise-Ratio (PSNR),
then the JSCM algorithm is to look for a source packeti-
zation scheme .4, which specifies the sequence of source-
packet size as {k1m, kam, - - -, kpm} to optimize the per-
formance D(R) of the reconstructed image. In order to
do this, we want this performance measure can be calcu-
lated easily. One practical choice is to use the expected
number of source bits correctly received as suggested in
[10] where dynamic programming is used to sclve the op-
timization problem. Even though the use of the number
of received bits is not as precise as using PSNR, or rate-
distortion function, the performance of using expected
received bits is almost as good as using PSNR or rate-
distortion function. The major difference between the
JSCM we proposed here and the others is that, in our
scheme, the channel codewords are of equal length, and
we look for the length of source packet in each code-
word, while the source-packets are of equal length in
the algorithms used in most of current literatures. Dy-
namic programming can be used to find the optimal
source packet size b,,n = 1,2,---, N that maximize the
correctly received source bits subject to the total delay
constraint V.

The other important information need to calculate the
expected received bits is the error rate of RS code. In



[11], the channel information is assumed perfectly known
at the receiver, then the transmitter used a formula of
RS error rate for AWGN channel to get this information.
When channel estimation is used at the receiver, such a
calculation becomes incompitable with the receiver and
in the simulation we will show that such a discrepancy
may cause server performance loss. The effect of the
channel estimation has to be considered in the JSCM
algorithm.

V. SIMULATION RESULTS

In this section, we show some simulation results for
the model based channel estimation method. The band-
width of the system is 800kHz. The number of the sub-
channels is 128. The length of the cyclic prefix is 32. The
4 subchannels of each end of a block are used as guard-
ing band. The system uses 2 transmitter antennas and
2 receiver antennas. Training blocks are sent periodi-
cally from both transmitter antennas. After that, the
channel estimate is used for decoding the data blocks
arriving subsequently. We show the results of different
training densities. The PSK constellation is used for
all the subchannels. The training sequence is chosen as
t1{k] = a and t3[k] = —a, where a is any constellation
point. We did simulation the space time block code in [8]
using 8PSK. The decoding scheme in [7] is adopted for
decoding. Rayleigh fading channel with Doppler shift of
40Hz is used in the simulation. TU delay profile [14] is
used in the simulation.

Fig. 1 shows the mean square estimation error for the
TU delay profile in which we also show the results of
the 2-ray delay profile with the two paths separated by
the 5u which is the maximal delay of the TU profile. As
shown in these figures, the polynomial model has lower
estimation error as the SNR goes higher for TU while
the Fourier transform based model has lower estimation
error for 2-ray with delay spread of 5us. This is because
that the polynomial model has less model error than the
Fourier transform based model when there are paths of
the channel that are not at the sampling instances of the
system. However, for the special case of 2-ray with delay
spread of 5us, both paths are at the sampling instances
of the MCM system, the Fourier transform based model
does not have model error and the MMSE estimation is
achieved.

Fig. 2 (a) shows the error rate of RS code for dif-
ferent channel estimation of TU delay profiles. Fig. 2
(b) shows the PSNR of the received 512 x 512 gray im-
age “Lena” using different channel information at the
transmitter and the receiver. The image is transmitted
in 500 blocks. Two types of models are used for estima-
tion, polynomial model and Fourier transform models.
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Fig. 1. Mean squared estimation error

It is usually assumed that ideal channel information is
know for both transmitter and receiver. In this figure,
it is shown that if the error rate information used at
the transmitter is not compatible with the channel esti-
mation method used at the receiver, the performance of
the JSCM algorithm may suffer great loss. In the figure,
if the receiver does not has perfect channel estimation,
the PSNR results of the JSCM using error rate obtained
from ideal channel information is worse than the result
using error rate obtained from the compatible channel
estimation. If the receiver use polynomial model based
channel estimation, the estimation error is small and the
PSNR results are close to the ideal results. However,
the result of using compatible channel information at
both transmitter and receiver is still about 1dB higher
than that of using ideal channel information only at the
transmitter. When the channel estimation error is large,
for example, using the Fourier based channel estimation
at the receiver, the large discrepancy between the er-
ror rates of ideal channel information and the Fourier
transform based channel estimation makes the PSNR
decrease when the channel SNR increases. This means
that JSCM algorithm can totally fail if the channel es-
timation is not considered.

Fig. 3 (a) and (b) show the WER of RS channel codes
with different coding rates at SNR of 15dB for both TU
delay profile and 2-ray delay profile with delay spread of
5us, respectively. The results of different training densi-
ties are also shown. Fig. 3 (c) and (d) show the through-
put of JSCM for a 512 x 512 gray image “Lena”. The
image is transmitted in total 500 blocks. It is shown that
the polynomial model performs better than the Fourier
transform model in both WER. and throughput for TU
delay profile while the Fourier transform model performs
better for 2-ray delay profile, which is consistent with
the results in Fig. 1.



Fig. 2. (a) WER of RS code with 1/3 training (TU, fp = 40Hz)
(b) PSNR of received Lena image

VI. CONCLUSIONS

We proposed a model based channel estimation frame-
work for systems with transmitter diversity in this pa-
per. After describing the challenge of the estimation
problem in such a system, we pointed out that the model
based approach is not a method to improve the estima-
tion but a necessary procedure to identify the channel.
Different channel models and the identification condi-
tion are discussed based on the derived scheme.

Then we studied the effect of this channel estima-
tion method on a robust progressive image transmis-
sion scheme using JSCM. The simulation shows that
the JSCM algorithm is sensitive to the different chan-
nel estimation schemes. The channel estimation has to
be applied to both the transmitter and the receiver to
achieve a better performance.
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