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ABSTRACT

OFDM modulation, which has been adopted by the Digital Video
Broadcasting (DVB-T) standard in Europe, has been recognized
for its good performance for high data rate wireless communica-
tions. Therefore, the study of the robust transmission of multime-
dia data over the OFDM systems has attracted extensive research
interest. In the past, channel estimation, which is an important
aspect in OFDM systems, has not been exploited for multimedia
transmission. When using the block-training based channel esti-
mation schemes, there exists a periodic variation of the error rates
due to the channel estimation imprecision. We use this property to
provide unequal error protection(UEP) for the video transmission.
Compared with systems using pilot-training based channel estima-
tion schemes, which are recommended in the DVB-T standard, a
performance gain of about 2dB in the PSNR of the reconstructed
images is achieved.

. 1. INTRODUCTION

Qrthogonal Frequency-Division Multiplexing (OFDM) modulation
can largely eltminate the effects of intersymbol interference(ISI)
for high transmission data rates in very dispersive environments [11,
and has been adopted by the digital video broadcasting (DVB-T)
standards in Europe [2]. Channel estimation is an important mod-
ule in the OFDM receiver. The imprecision of the channel infor-
mation estimated at the receiver, as well as the noise and fading in
the wireless channel, cause decoding errors.

Currently, the DVB-T standards recommend using pilot-training
to performn channel estimation. When using the pilot-training, the
OFDM data blocks have the same averaged error rate. However,
when using block-training based channel estimation schemes, there
exists a periodic variation of the error rates due to the channel es-
timation imprecision. The averaged errar rate of pilot-based chan-
nel estimation schemes is higher than the lowest error rate which
can be achieved by using block training methods, Therefore, the
pilot training is suitable for the generic data transmission, where
all data have the same priority, but may not be suitable for the
multimedia bitstrearn that usually contains several types of data
with different importance. In the past, channel estimation has not
been exploit for the transmission of multimedia data. We propose
to use the variation of the error rate from block-training to pro-
vide UEP for the video transmissicn by transmitting the data with
high importance/priority at the positions where the error rates are
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low. We shall compare the quality of the delivered video using
pilot-training based schemes and the proposed block-based UEP
scheme.

In this paper, the channel estimation schemes in OFDM sys-
tems are reviewed in Section 2. An UEP scheme for H.263 video
transmission is proposed in Section 3, followed by the simulation
results in Section 4 and the conclusion in Section 5.

2. CHANNEL ESTIMATION IN OFDM SYSTEMS

A high level diagram of OFDM modulation is shown in Figure
1. At the transmitter, the input data are first arranged into blocks
through a serial-to-parallel {(S/P) converter, and then they are mapped
to a set of complex constellation points { X1 &, -+ , Xn &}, which
shall be called the OFDM data block, where % is the index of the
blocks. The modulation is implemented as the N-point inverse
discrete Fourier transform {IDFT), followed by cyclic prefix inser-
tions and a parallel-to-serial (P/S} converter. The purpose of the
cyclic prefix is to eliminate the ISI between adjacent blocks. At
the receiver, a serial-to-parallel (S/P) converter is used followed
by the discrete Fourier transform (DFT). The entire chanrel can
be looked at as a set of subchannels{3], i.e.

Yir=HixXig+Tik, t=1,- N

where H; , and T'; , represent the channel frequency response and
the channel noise of the 5*" subchannel in the &** block respec-
tively. At the OFDM receiver, it is essential to estimate the channel
parameters, {H; x }, which are used in the one-tap equalizer.

Channel estimation techniques can be divided into two cat-
egories: blind methods, where channel information is estimated
directly from data signals, and coherent methods, where channel
information is estimated from training sequences/pilots that are
known by the receiver. The coherent methods can usually get more
accurate estimation than the blind methods at the expense of ad-
ditional bandwidth used to transmit training data[4], Two typical
patterns of the training data used by the coherent methods are il-
lustrated in Figure 2.

When using the block training pattern showed in Figure 2(a),
an OFDM block is either a training block or a data block. All the
data in the training blocks are known by the receiver and used to
estimate the channel parameters for all subchannels. When de-
coding a data block, the receiver uses the channel information es-
timated from nearby training blocks. Since the channel is time-
varying, the data blocks that are closer to the training blocks and
therefore are decoded using more accurate channel information ex-
perience less errors than other data blocks that are further from the
training block and decoded using less accurate channel informa-
tion.
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Fig. 1. High Level Diagram of OFDM Systems

There is a periodic variation of the averaged error rates in the
data blocks. Let M denote the number of data blocks between two
training blocks, and py, k = 1,2, - , M denote the averaged er-
ror rate for the k™" data blocks after the training blocks. In this
work, each data block is assumed to be decoded using the chan-
nel parameters estimated from the nearest previous training block.
The typical values of {p;} is shown in Figure 3 when the channel
SNR is 14dB. The system setup is described in Section 4. Since
each OFDM block is coded as an Reed-Solomeon(RS) codeword,
and {px} represent the RS codeword error rates. In Section 3, we
will use the variation of {p} to provide UEP for the video trans-
mission.

An interlaced pilot training pattern (Figure 2(b)), adopted by
DVB-T standards, can eliminate the variation of the averaged error
rates. Each OFDM block contains both training pilots and data.
The channel parameters used to decode the data are obtained by
frequency-domain interpolation from the channel parameters es-
timated from the training pilots. As illustrated in Figure 3, the
averaged error rate of pilot-based channel estimation schemes[4]
is higher than the lowest error rate which can be achieved by us-
ing the block training. Therefore, pilot training is suitable for the
generic data transmission, where all data have the same priority,
but may not be suitable for the multimedia bitstream that usuatly
contains several types of data with different importance.

3. PRIORITY TRANSMISSION

When using block training, UEP can be achieved by transmitting
the data with high priority or importance near the training blocks.
Such an UEP scheme shall be called a priority transmission(PT}
scheme. PT can be used to provide UEP in many circumstances,
such as scalable video transmission and reliable delivery of keying

lﬁ
3
3

|

Asuanbag
H0000800000000C000000;

00000000000000000000
00000 000000000C00000
0000060G00000000000
D000G00C00000H000080
000000000000G6000000
009000000
GG000000000000060000,

0_
0000000000000C00008
0000 RULOTHD000RDDCDY,;

POOOQOOOO.OOOOOOODODQ}

008000060000¢G000000
I 36000000000 000000000

96000600000000080000,

08000000000800000000

: 60600000000000000000,

Q
o
o
Q
Q
(=
o
%]
[=]
o
[=
bd
Q
[=]
(=]
<
o
[=]
o
[+

CL0C0000000000000000,

: 60000000000000060080

(a) - )

® Tralning Pilot © Data L OFDM block

Fig. 2. (a)Block training (b}Pilot training

TU delay, Dopper Fraquency rA0HZ, Chiannel SNR = 1646

——  Block kg
o}t )= Pl traarmng
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information in the secure multicast applications. In this section,
PT scheme is dernonstrated by its application in the transmission
of H.263 video bitstream.

A high level diagram of the H.263 video bitstream is shown in
Figure 4(a). The Header contains the information describing the
coding methods and is essential for the decoding process. Motion
vector(MV) information enables the decoder to build a prediction
of the current frame based on the frames it has already decoded.
DCT coefficients convey the information of the residual, which is
the difference between the true values and the predictions. Due
to the extensive usage of the variable length coding, transmission
errors may cause the decoder to lose synchronization and there-
fore the effects of the transmission error will propagate[5]. Syn-
chronization marks are inserted to help the decoder to regain syn-
chronization. The data between two synchronization marks can be
looked at as a slice[6].

Data Partitioning is an effective method to improve the error
resilience of the multimedia data, and is adopted by bath H.263++
and MPEG4 [5]. As depicted in Figure 4(b), a Data Partitioning
scheme re-organizes the data in such a way that all header informa-
tion in one slice is first transmitted, followed by all motion vectors
in the slice, and finally by all DCT coefficients in the slice. The
Header, MV and DCT partitions are separated by Header marks
and MV marks, and are encoded using reversible variable length
codes [5]. By allowing resynchronization within the slice and
backward decoding when an error accurs, the Data Partitioning
scheme reduces the effects of error propagation and improves the
robustness of the video transmission[7][5].
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Fig. 4. Structure of the Video bitsteam

With the Data Partitioning scheme, the importance of the data
is roughly in the decreasing order within one slice (Figure 4(b)}.
The header information is more imporiant than the MVs and the
DCT coefficients because the whole picture (slice, macroblock
(MB} [8]) cannot be decoded without the picture (slice, macroblock)
header. The MVs that are used to generate the prediction of the
current frame are more important than the DCT coefficients that
represent the prediction residual. because the residual is useless
without the accurate prediction being made. Therefore, it is desir-
able to provide different levels of protection to different partitions.
We apply the Priority Transmission (PT) scheme after the Data
Partitioning in two steps:

1. The number of the macroblocks(MB} in each slice is ad-
justedin such a way that (1) each slice has roughly the same
size, (2) and the slice size is roughly the multiple of the size
of the OFDM data blacks.

2. Each slice is divided into smaller units, which have the
same size as the OFDM data blocks. As depicted in Fig-
ure 5, the transmission order of these units in one slice is
tearranged such that the units with higher importance are
transmitted at the positions with lower error rates. The units
belonging to different slices cannot be mixed.

In the first step, the purpose of making the slice size uniform is to
reduce the amount of side information that needed at the receiver.
Since the units within one slice are naturally positioned in decreas-
ing order of their importance after the Data Partitioning, the trans-
mission order of those units only depends on the training pattern
and the size of the slices. In the propesed scheme, all slices have
roughly the same size except the last slice in each picture frame.
Therefore, only the side information of the last slice in each picture
frame need to be sent in order to enable the receiver to assemble
the disordered units.

In addition, PT scheme introduces delay because the receiver
cannot decode a slice until all units belonging to this slice are
received. However, since the reordering occurs only within one
slice, the delay is bounded by the amount of information within
one slice.

By matching the importance of the multimedia data to the
variation of the channel error rates, PT is an efficient and sim-
ple method to provide UEP without introducing large amounts of
redundancy and delay. Additionally, PT is compatible with other
UEP schemes, which do not exploit the properties of the channel
estimation and provide UEP by applying different forward error
correction (FEC) codes to the data with different importance.
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Fig. 5. Priority Transmission Scheme

4, SIMULATION RESULTS

The transmission of H.263 video sequences is simulated in CFDM
systems for different channel signal-to-noise ratios. The input is
the football video sequence encoded with an averaged data rate
of 48kbyte/sec. The OFDM system has 128 subchanneis. The
bandwidth is 800kHz. QPSK is used for all subchannels. The
cyclic prefix has the length of 16 symbols. Typical urban(TU) de-
lay profile[8] with Doppler frequency of 40Hz is used to simulate
the multi-path fading channel. Each OFDM block is coded as an
RS codeword with the coding rate 1/2.

Two training patterns were chosen. The block training is im-
plemented by sending one training block in every 8 OFDM blocks.
The pilot training is implemented by sending one training pilot in
every 8 subchannels in each OFDM block. Two schemes send the
same amount of training data. The channel estimation techniques
proposed in {4] are used. Time-domain interpolation is not applied
to either scheme.

Three video transmission systems are campared. System A
uses block training without Priority Transmission. System B uses
block training with the Priority Transmission scheme. System C
uses the pilot training. Data Partitioning is implemented in all of
the three systems, The approximate slice size is 1280 bits in the
block training based systems, and is 1232 bits in the pilot train-
ing based systems. Simulation results are shown in Figure 7 and
Figure 6. Figure 7 shows the 12" reconstructed images of the
football sequence when the channel SNR is 15dB. Compared with
system A and system C, System B has better perceptual quality of
the reconstructed images. In addition, the averaged peak-signal-
to-noise-ratio (PSNR} of the reconstructed images are shown in
Figure 6.

By comparing the performance of system 4 and system 5 where
block-training is used, we observe that the performance gain intro-
duced by Priority Transmission is up to 4.5dB at the high chan-
nel SNR region. At the low channel SNR region, decoding errors
are mainly caused by the noise and fading in the wireless channel
and the effects of channel estimation inaccuracy are not apparent.
Therefore, the performance gain is an increasing function with the
channel SNR.

Additionally, the system using block training and PT scheme
(system B} perfarms better than the system using pilot training
(system C) by up to 2.5dB. This result shows that block train-
ing has advantages over pilot training for video transmission, and
indicates that the joint design of training pattern and video trans-
mission improves the performance of a multimedia transmission
systern.
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Fig. 6. Performance Comparison

5. CONCLUSION

Since black training causes the periodic variation of averaged er-
ror rates in OFDM systems, a joint channel estimation and UEP
scheme, called priority transmission, is proposed to enhance the
robustness of the video transmission. Using the observation that
the importance of the data is roughly in decreasing order within
one slice after the data partitioning, priority transmission is applied
to the H.263 video transmission by transmitting the data with high
importance/priority near the training blocks. Since DVB-T stan-
dards recommend pilot training that can eliminated the variation
of the error rates, the proposed scheme is compared with the sys-
tems using pilot training. A performance gain of up to 2.5dB in
the PSNR of the reconstructed images is achieved.
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{a) A reconstructed image in System A(block training w/o PT)
Note the blocky distortion near the players

A reconstructed image in System B(block training with PT)
Note: less blocky distortion

{b)

B i

(c} A reconstructed image in System C(pilot training)
Note the blocky distorting near the players

Fig. 7. Comparison of the 1Zth frame of the football sequence
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