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Abstract Real time transmission of compressed video data
over power line channels is a challenging task because of the
severe characteristics of the power line transmission medium.
Several techniques have been investigated recently to make a
compressed video bitstream robust to the channel distortions. In
this paper, we consider the benefit of using hierarchical
transmission for error resilience. We propose an original video
transmission scheme based on layered video coding combined
with unequal error protection. Here, unequal error protection is
achieved using a hierarchical multi-carrier modulation scheme
based on hierarchical quadrature amplitude modulation. In
particular, we propose a hierarchical bit and power allocation
algorithm specific to hierarchical MCM. Some simulation results
are presented to show the interest of applying unequal error
protection by hierarchical coding of layered video bitstreams.

Index Terms Power line communications, multimedia
transmission, layered video coding, Data Partitioning, Unequal
Error Protection, Hierarchical modulation, bit and power
allocation.

I. INTRODUCTION

pOWERLINE Communication (PLC) technology offers
nowadays a great opportunity for the development of

multimedia communication in home networks, by using the
existing household electrical power wiring as transmission
medium [1,2]. Several applications are concerned including
video surveillance, videoconferencing, games or video on
demand (VoD). However, the powerline channel exhibits
severe characteristics in terms of frequency selectivity as well
as interference, which may strongly affect the quality of
service (QoS) level of video services. Different techniques are
currently used in order to overcome these problems, including
forward error correction (FEC), data interleaving, or
automatic repeat request (ARQ). In this paper, we propose to
study the benefit of using hierarchical transmission to
optimize the received video quality within the framework of
digital video delivery using PLC technology. In order to
obtain high data rates, Multi-Carrier Modulation (MCM) is
used as the basic transmission technique [3]. The first part of
the communication system consists in a bi-resolution video

encoding scheme based on the data partitioning (DP) mode
available in the most recent video coding standards. The
compressed video bit stream is divided into a base layer (BL)
containing the most significant data, and an enhancement
layer (EL) containing high-frequency detail information.
Then, the two corresponding video bit streams are transmitted
by using hierarchical multi-carrier modulation, also called
Embedded Multi-Carrier Modulation (EMCM) [4], in order to
achieve unequal error protection (UEP). The hierarchical
MCM is realized using hierarchical quadrature amplitude
modulation (QAM) on each sub channel associated with a
specific bit and power loading algorithm.
The paper is organized as follows. First, the characteristics

of the power line channel are described. Then, the different
parts of the proposed video communication system are
described in detail: the Data Partitioning layering technique as
well as EMCM, which are jointly applied to provide UEP. In
particular, a specific bit and power allocation method is
proposed for hierarchical MCM. Finally, simulation results are
presented in order to illustrate the interest of the proposed
approach in terms of robustness to powerline channel
distortions.

II. CHARACTERISTICS OF THE POWERLINE MEDIUM

The powerline channel can be considered as a
heterogeneous communication network made of a variety of
conductor types connected to different loads of varying
impedance [5]. The corresponding frequency response is
selective and severely disrupted, and generally presents
notches in the frequency range of 0-25 MHz as illustrated in
Fig. 1. The powerline medium is also affected by interferences
and noise. In particular, electric appliances connected to the
powerline network generate impulsive noise that can strongly
disrupt data communication.

Finally, the channel can also exhibit sudden variations with
time as the load of the network changes. We have performed
experimentations on our laboratory's in-door electrical supply
network to characterize this particular phenomenon. A simple
sinusoidal waveform is transmitted from one electrical plug to
another through coupling units, and the received signal is
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measured while electric appliances connected to the electrical
network being switched on/off, plugged or unplugged. An
example of measurement result is reported in Figure 2. We
note that two stationary states characterized by a constant
channel response exist. They are separated by transitory
phases of varying length. The corresponding channel can be
considered stationary piecewise with sudden changes; these
changes can be detected and the erroneous symbols received
during this phase can be retransmitted when the channel will
be in a stationary state again [6].
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Fig. 1. Power line channel frequency response

Several well-known channel coding techniques have been
integrated in powerline networking technology to overcome
these problems and provide standard PLC video networks
using MPEG compression [7, 8]. These techniques include:

- channel adaptation,
- pilot assisted modulation (PAM) [9],
- Viterbi and Reed-Solomon FEC, and more recently

Turbo encoding [10],
- Scrambling and data interleaving,
- ARQ process.
In practice, the Physical Layer (PHY) of powerline

communication systems generally uses a MCM scheme and a
concatenation of these techniques, to ensure that the
information is reliably transmitted at high data rates [11]. We
propose in this paper to introduce hierarchical modulation in
the conventional MCM scheme as a supplementary tool in
order to further increase robustness to transmission errors.

Transitory phase

Hierarchical transmission is considered here in the specific
context of layered video delivery over power line medium. In
the next section, we briefly describe the DP mode as an
effective video layering technique for applying UEP.

III. LAYERED VIDEO CODING BASED ON DATA PARTITIONING

In layered video communications, the transmitted video
signals can be decomposed into several data streams with
different informational significance [12]. Then, UEP can be
applied to these data streams in order to guarantee minimal
QoS level. Different robust video coding methods have been
developed recently to increase the robustness to channel errors
by allowing UEP [13-15]. Among these, DP is an effective
layering technique that splits the compressed bit stream into
separate streams of different importance. Digital video coding
standards like MPEG-2 or H.264/MPEG-4 AVC authorize the
use of DP [16]. In what follows, we consider the case of
MPEG-2 video coding; the proposed scheme can be extended
to H.264.

The main MPEG-2 bit stream is partitioned into two
separate streams: the BL containing the most important data
(headers, motion vectors, low frequency coefficients) and the
EL containing high-frequency detail information. The BL
corresponds to a single-decodable video bit stream. When
decoding only BL, the image quality remains acceptable,
providing a minimum QoS level. In practice, a so-called
priority break-point (PBP) is defined which determines the
number of non-zero DCT coefficients present in the BL. The
PBP value ranges from 64 (DC coefficient + one VLC
corresponding to the first non-zero AC coefficient) to 127 (all
DCT coefficients in the BL). The higher the PBP is, the better
the video quality of the BL is. Figure 3 represents the average
repartition of the total video bit rate between BL and EL, as a
function of the PBP value, for MP(ML MPEG-2 video
streams compressed to 6 Mbps. We can note that the bit rate
corresponding to the BL is at least equal to 2.8 Mbps, i.e. 47%
of the total bit rate. This corresponds to the minimum data rate
necessary for decoding of the video signal at the receiver. We
can also verify that most of video energy is concentrated in
few low-frequency DCT coefficients.
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Fig. 2. Measurement of variations due to a sudden change of channel
characteristics [9].

Fig. 3. Evolution of the BL bit rate as a function of the PBP value.
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Once the compressed data have been partitioned into
separate bits streams, these streams have to be transmitted
using different priority levels: a high priority (HP) level for
the BL resulting in quasi error-free transmission, and a low
priority (LP) level for the EL. Such UEP is realized via the
use of hierarchical QAM in a MCM scheme, which constitutes
the main contribution of this paper.

IV. DESCRIPTION OF THE HIERARCHICALMCM SCHEME

As mentioned in Section II, MCM is the basic
transmission technique used by most recent PLC
communication systems. The idea of MCM is to divide the
total bandwidth into several narrow-band independent sub-
channels, each channel being considered as an AWGN
channel. Then, QAM can be independently applied to each
sub-channel with varying modulation density depending on
the channel characteristics. In order to realize layered video
transmission, we propose here to modulate each sub-channel
using hierarchical QAM [17], so that the high priority and low
priority bits are transmitted together over the same sub-
channel with different levels of protection.

A. Hierarchical QAM
The principle is to transmit high priority and low priority

bits in a single QAM symbol. Figure 4 shows an example of
hierarchical QAM constellation. Here, HP bits are assigned to
the clouds and the LP bits to the satellites. The distances d,
and d2 are unequal and are adjusted to meet the desired BERs.

In what follows, we consider the use of hierarchical N/M
QAMs, with N= 2', n being equal to the number of HP bits,
and M= 2m+n , m being equal to the number of LP bits. The
parameters n and m can take odd or even values. In the latter
case, we consider as a first approach that the N/M QAM
corresponding constellations are rectangular. By varying the
parameter X = d2/dI, we can increase the robustness of the HP
bit stream compared to the EL one. A complete analysis of the
performances of the HQAM is proposed in [18].
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choice is well suited to practical video applications. Indeed,
the BL and EL throughput rates are fixed a priori by the
encoding parameters of the hierarchical video encoder, so that
it is difficult to adjust them. Similarly, the QoS levels are
fixed according to the application constraints.
We now develop the bi-resolution allocation method. We

have first studied this method in the context of ADSL
transmission [19], but it can be extended to the case of PLC
technology. The allocation method is based on the Hughes-
Hartogs algorithm and applies in two consecutive steps. First,
bits and power are allocated to the HP bits accounting for the
high-priority constraint. Then, the second step consists of the
power and bit loading of the LP bits over the HP bits in a
"best effort" way.
The flow chart of the hierarchical bit and power allocation

is given in Fig. 5, where k is the sub channel number, nk and
mk are respectively the number of base information and
refinement information bits per sub channel, Pk is the power
allocated per sub channel and PT is the total power from the
allocation.
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Fig. 4. Example of a 4/16 hierarchical QAM constellation.

B. Hierarchical Bit andPower Loading Algorithm
One of the main interests of MCM is that bit and power

loading algorithm can be used to optimize the transmission
after channel estimation. Different optimization techniques
can be defined: we propose here to minimize the total transmit
power for given BL and EL bit rates (RH and RL, respectively),
and targeted BL and EL BERs (BH and BL, respectively). This

Fig. 5. Flow chart of the proposed hierarchical allocation method [ 19].
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We note RH and RL the transmission rates for BL and EL,
respectively. The symbol error rates for both BL and EL are
considered to be independent of the sub-channel number, and
are directly obtained from the BH and BL values. The
proposed loading algorithm is based on the values of sub-
channels frequency gain and noise power, which are obtained
after channel estimation. It leads to the most appropriate sub-
channel-to-layer assignment as follows:
* BL bits are assigned in an iterative way to the different

sub-channels for the given BER BH: one bit is added to
the sub-channel with minimum additional power increase,
until RH is achieved.

* EL bits are then allocated in the same manner for the
given BER BL under RL rate constraint.

V. SIMULATION RESULTS

In this section, we illustrate the interest of the proposed
hierarchical MCM scheme for digital video delivery using
PLC technology. We consider that the total frequency
bandwidth of 0-25 MHz is divided into several bands of about
1,5 MHz each, and different video services are simultaneously
transmitted over the different bands. Another realistic scenario
is to consider that the same video signal is transmitted
simultaneously on several frequency bands in a redundant
way, in order to over protect compressed video data.

In order to guarantee a minimum QoS level, BL
transmission needs to be quasi error-free. To do that,
hierarchical MCM is combined with a channel error correction
module. The PBP value was fixed to 66. This corresponds to a
good compromise between video quality of the BL, and
RHIRTOT ratio (approximately 66% for a video sequence
encoded at RTOT = 6 Mbps). Reed-Solomon encoding with
parameters (255,239) is applied on the BL, and the RS-
encoded stream is transmitted with a BH requirement equal to
10-6. That corresponds to a BH lower than 10-11 after RS
decoding. Thus, only the low-priority EL stream is concerned
with channel errors. The BL parameter value is fixed to 10-3.

Figure 6 shows the result of applying our hierarchical
power and bit allocation method. The measured channel
frequency response shown in Fig. 1 was used to model the
power line medium in order to take into account realistic
channel conditions. We consider a limited frequency band
ranging from 4.7 to 6.25 MHz. The power spectral density of
noise is represented in Figure 7. The proposed hierarchical
MCM minimizes the transmitted power under the (RH, RL)
data rate and (BH, BL) BER requirements. We verify that the
resulting allocation reflects the well-known water-filling
principle: more bits are allocated to the sub carriers with
lowest noise power characteristics. We have compared our
algorithm with the one given in [20], which is known to be
optimal. We verify that our loading algorithm gives quite
similar performances with negligible power increase (less than
0.02 dB) as it is better suited to video transmission
applications.

Finally, we illustrate the interest of the proposed
hierarchical transmission scheme from an image quality point
of view. As mentioned previously, channel errors will affect
the EL data stream. The presence of erroneous bits in the EL
may have different visual effects due to the characteristics of
variable length encoding, ranging from local block
mismatches to complete synchronization loss when decoding
the bit stream. In this later case, complete slices are generally
lost, because the synchronization markers in MPEG-2 bit
streams are start codes of slices. Thus, a bit error in a VLC
affects the rest of the slice. In the present case, however, the
proposed hierarchical system allows substituting the erroneous
EL slices by the corresponding error-free ones in the BL. The
visual quality of the EL lost slice is then the one of the error-
free decoded BL slice thanks to UEP. This leads to a
significant improvement of reconstructed video quality, as
illustrated in Fig. 8. Hence, if there is sudden error in power
line channel, our proposed system is effective because it can
reconstruct the coarse-quality video when the channel
condition is bad and the fine-quality video when the channel
condition is good.

VI. CONCLUSION

In this paper, we have considered the benefit of using
hierarchical MCM scheme associated to layered video coding
in order to ensure UEP of multimedia communications over
power line channels. In this context, we have proposed an
original bit and power allocation dedicated to hierarchical
MCM. Finally, simulation results were given in order to
illustrate the interest of our proposed hierarchical transmission
scheme. Hierarchical MCM is an efficient tool that provides
the unequal priority control for communication channels. It
can be combined with other channel coding techniques as well
as other scalable video coding modes (SNR scalability) in
order to develop robust transmission schemes for video
communications over power line channels.

alloaion EL bi allcaion., and poe...

485
Authorized licensed use limited to: b-on: Universidade de Coimbra. Downloaded on April 27,2025 at 07:12:20 UTC from IEEE Xplore.  Restrictions apply. 



REFERENCES

[1] S. Gardner, B. Markwalter, L. Yonge, "HomePlug Standard Brings
Networking to the Home", Dec. 2006. Available: h ho ug.ol

[2] K. Dostert, Powerline Communications, Prentice Hall, 2001. -80 l.I.
[3] J.A.C. Bingham, "Multicarrier Modulation for Data Transmission: An

Idea Whose Time Has Come", IEEE Commun. Mag., pp.5-14, May,
1990.

[4] S. Pradhan, K. Ramchandran, "Efficient Layered Data Transport Over
Multicarrier Systems Using Optimized Embedded Modulation", IEEE 0

Trans. On Comm., VOL.50, n06, pp.877-881, Jun. 2002.
[5] M. Gotz, M. Rapp, K. Dostert, "Power Line Channel Characteristics and -1 10 --------- --t---------Hl-l--t-l-L0li--l-i- ll --------

Their Effect on Communication System Design", IEEE Commun. Mag., K
pp.78-86, Apr. 2004. -120

[6] P. Corlay, F.-X. Coudoux, M. Gazalet, F. Ruolt, F. Haine, "An efficient K
modeling of the impulse response of the indoor power line channels in

-130high frequencies range", IEEE ISPLC 01, pp.149-154, Malmoe, Apr. 0 5 13 15 20 25
2001. Frequency(MHz)

[7] 0. Logvinov, J. Reeber, "Delivering IPTV to the digital home", Fig. 7. Power spectral density ofpower line channel noise.
Electronic Engineering Times - Asia, Oct. 2006,. Available:

[8] M.E. Hazen, "Powerline networking", Broadband 2.0, pp. 18-19, Fall I 111.'
2006. Available: he ._11111.iii.ii1111.i._

[9] D. Bueche, P. Corlay, M. Gazalet, F.-X. Coudoux, M. Slachciak, "Pilot
Symbol Assisted Modulation for Power Line Communications", IEEE
ISIE 04, 4-7 May, Ajaccio, France, 2004.

[10] J.G. Proakis, Digital Communications, Mc Graw Hill, 1995.
[11] Home Plug AV White Paper. Available:
[12] J. Zhang, "Error Resilience for Video Coding Service", in Digital Video

Image Quality and Perceptual Coding, H.R. Wu, K.R. Rao eds., CRC
Press, pp. 503-527, 2006.

[13] C-L. Huang, S. Liang, "Unequal error protection for MPEG-2 video
transmission over wireless channels", Signal Proc..: Im. Commun., 19,
pp. 67-79, 2004..

[14] R. Bernardini, M. Durigon, R. Tonello, A. Vitali,<<Robust transmission
of multimedia data over power-lines »>, IEEE ISPLC 05, pp. 295-299,
Vancouver, Canada, Apr. 6-8, 2005.

[15] C-K. Lin, H-W. Chu, S-C. Yeh, M-T. Lu, J. Yao, H. Chen, "Robust
Video Streaming over Power-Lines", IEEE ISPLC 06, Orlando, Florida, (a)
March 26-29, 2006.

[16] S. Kumar, L. Xu, M.K. Mandal, S. Panchanathan, "Error resiliency
schemes in H.264/AVC standard", J. Vis. Commun. Image R., 17, .MMM

pp.425-450, 2006.
[17] M. Morimoto, M. Okada, S. Komaki, "Robust mobile image

transmission using hierarchical QAM", Signal Prnoc. Image ommun.,
12, pp. 127-134, 1998.

[18] C. Goudemand, "Amelioration des transmissions video MPEG-2 sur
lignes ADSL bas6e sur une optimisation conjointe source/canal de la
qualit6 video", Ph.D. dissertation, University of Valenciennes, 2005.

[19] C. Goudemand, F-X. Coudoux, M.G. Gazalet, "A Study on Power and
Bit Assignment of Embedded Multi-Carrier Modulation Schemes for
Hierarchical Image Transmission over Digital Subscriber Line", IEICE
Trans. On Commun., VOL.E89-B, NO.7, pp.2071-2073, Jul. 2006.

[20] S. Pradhan, K. Ramchandran, "Efficient layered data transport over
multicarrier systems using optimized embedded modulation", IEEE
Trans. On Commun., VOL.50, NO.6, pp. 877-88 1, June 2002.

(b)

Fig. 8. Image quality of the reconstructed video after transmission in an error-
prone environment: (a) conventional single-layered transmission scheme; (b)
proposed hierarchical transmission scheme.

486
Authorized licensed use limited to: b-on: Universidade de Coimbra. Downloaded on April 27,2025 at 07:12:20 UTC from IEEE Xplore.  Restrictions apply. 


