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Adaptive Motion-Compensation
Fine-Granular-Scalability (AMC-FGS)
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Abstract—Transmission of video over wireless and mobile the network depending on the following three parameters:

networks requires a scalable solution that is capable of adapting to yser preferences, communication channel characteristics, and
the varying channel conditions in real-time (bit-rate scalability). device capabilities

Furthermore, video content needs to be coded in a scalable fashion R 1 | labl di thods h b
to match the capabilities of a variety of devices (complexity ecently, several scalable coding methods have been

scalability). These two properties—bit rate and complexity Successfully proposed for video transmission through het-
scalability—provide the flexibility that is necessary to satisfy the erogeneous networks (see for example [1]-[8]). One of these
“Anywhere, Anytime, and Anyone” network paradigm of wireless  techniques is the MPEG-4 fine-granular scalability (FGS)
systems. Meanwhile, MPEG-4 fine-granular-scalability (FGS) has scheme [5], [8], that can adapt in real-time (i.e., at transmis-
been introduced as a flexible low-complexity solution for video . . T . . T

streaming over heterogeneous networks (e.g., the Internet and sion time) to the bandv_wdth varlgt_lc_)ns ov_er he_terogeneous
wireless networks). FGS is also highly resilient to packet losses. Networks and to the terminal capabilities, while using the same
However, the flexibility and packet-loss resilience associated with pre-encoded stream. Some key advantages of the MPEG-4
the FGS framework come at the expense of decreased codingFGS framework are its packet-loss resilience and flexibility
efficiency compared with nonscalable coding. In this paper, in supporting streaming applications [9]. Naturally, these

a novel scalable video-coding framework and corresponding " . | at th f vid litv. |
compression methods for wireless video streaming is introduced. properues come, in general, at (ne expense of video quallly. In

Building on the FGS approach, the proposed framework, which [8], FGS performance was compared with that of nonscalable
we refer to as adaptive motion-compensation FGS (AMC-FGS), streams coded at discrete bit rates covering the same bandwidth
provides improved video quality of up to 2 dB. Furthermore, the  range. The results obtained showed up to 2—3-dB reduction in
new scalability structures provide the FGS framework with the video quality (when comparing FGS with nonscalable coding)
flexibility to provide tradeoffs between resilience, higher coding f tai that exhibit hiah t | lati
efficiency and terminal complexity for more efficient wireless or certain Sequ_ences at ex .' '_ 9 . emporal correfations
transmission. among successive frames. This is mainly due to the lack of
motion compensation in the FGS enhancement layer (EL).
Hence, for sequences that have a high-degree of motion and
large number of scene cuts (e.g., “MTV” like sequences or
high-action scenes), FGS performance is comparable to the
. INTRODUCTION performance of nonscalable coding. Moreover, in [8], FGS

N EMERGING wireless communication applications, mulbas also been compared to “traditional” SNR coding with

timedia data will be streamed over various access networRg!ltiple layers (without motion-compensation within the EL)
(GPRS, UMTS, WLANS, etc.) to a multitude of devices (PC410], as employed in MPEG-2 or MPEG-4, and the results
TVs, PDAs, cellular phones, etc.) having different resourdBdicated that FGS outperforms multilayer (discrete) SNR
capabilities (display size, processing power, hardware supp&@ding with several decibels over a wide range of bit rates due
memory, etc.). Hence, the transmission of multimedia dai@ its adaptive and effective bitplane coding technique and the
over wireless channels will need to cope with unpredictabeck of overhead associated with introducing anew EL.
bandwidth variations due to heterogeneous access-technologidsonsequently, to adapt the FGS scheme that was originally
of the receivers (e.g., 3G, 802.11a, 802.11b, etc.) or dued@signed for Internet video transmission to wireless UMA,
dynamic changes in network conditions (e.g., due to intdpoth 1) the performance of the MPEG-4 FGS coding method
ference, co-existence). Moreover, the same multimedia d&@gds to be improved to allow for more efficient transmission
can be accessed by a large number of users/clients at 8Mgr bandwidth-limited wireless networks an.d 2) aframewgrk
time, and from anywhere. This networking access paradigieds to be developed that allows addressing the bandwidth-
is often referred to as Universal Multimedia Access (UMA)nd complexity-scalability requirements for UMA in a joint
In the UMA framework, multimedia data is streamed fronnanner. In this paper, such adlaptivevideo-coding frame-

. . . _ work that addresses both the quality and scalability issues is
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tures. These new structures provide the FGS framework w
the flexibility to provide easy tradeoffs between higher codin
efficiency, bandwidth scalability, and terminal complexity fo
more efficient wireless transmission.

Several mechanisms for improving “traditional” SNR scalé ,
bility in predictive coding by exploiting EL information have al-
ready been proposed. For instance, in [2], the current EL frar
is predicted from the motion-compensated reconstruction of t Prediction-based video Base Layer
previous EL frames. However, in this case, the EL does not €
ploit the current base-layer residual information. An improve
technique is proposed in [11] that uses an estimation-theore
framework to optimally compute the prediction for the currer p
frame given the past EL reconstruction (like in [Zhd the
base-layer parameters and variables, including the base-laye
construction and quantization interval. By optimally selectin
the prediction to be used for the current frame, the scalal Prediction-based video Base Layer
coding performance can be improved up to several decibels [11]
compared with the methods using predictions from only thég.1. MC-FGS scalability structures. (a) Two-loop MC-FGS. (b) Single-loop
base-layer [10] or the EL [2]. This method was also succe4¢-FCS:
fully employed in [11] for multilayer scalable coders and can ) ) . o )
be easily extended to FGS coding. Nevertheless, the main disifermation regarding the bandwidth variation and complexity
vantage of this method resides in its complexity, since multipfd d€vices served by a particular wireless network (e.g., a wire-
motion-compensation loops are necessary for the EL coding'€SS LAN), or b) a server residing at the interface between the

Several alternative multiple-layer techniques have also be@{€d and wireless segment of an end-to-end streaming service
proposedto exploitfurthertemporal redundancies within the FG8d Which has access to a “basic” FGS stream. Consequently, our
framework [12], [L3]. One such technique is the progressive F®&POsed solution could berealized by modifying astandard FGS
(PFGS) methodintroducedin[12]. PFGS employsadditional metream at the “mterfacei’ server. This server can either real-time
tion-compensation loop(s) for the and B EL frames in order stream orstore the modlfled (stl_II scalable) stream Iocallyforfu_r-
to improve the performance of the FGS framework. Our solutidf€" viewing by the different devices thatare capable of accessing
differs from PFGS in two ways. First, we present two simplifie1€ Sérver over the wireless network.
scalability structures that are suitable for low-complexity wire- 1N€ remainder of the paper is organized as follows. In Sec-
less devices, and second, we propose an adaptive framework #iQgx!1, the MC—FGS scalablllty structures are described with the
switches between the original FGS and the newly proposed strG@tresponding encoder algorithms and architectures. We also de-
tures based on the sequence characteristics, channel condifhi€ @ high-level (heuristic) adaptive MC-FGS based algorithm
and/orallowed device complexity. Although one of our scalabilid?@t €mploys the MC-FGS scalability structures. In Section I,
structures can be considered as a simplified version of the PFesgulationresults for theimprovementsinvideo quality obtained
method proposed in [12], we believe thatthe combination of coffith the newly proposed algorithms are presented. In Section IV,
plexity-scalability/complexity-reduction with quality improve-"€ outline the poncluswns and dl'scuss'the SUItabI|Ity'0f adaptive
ment, which characterizes our proposed solution, is more flexit§--FGS forwireless networks. Finally, inthe Appendix, ananal-
for new and emerging wireless and mobile networks. Hence, RIS ofthe FGS coding penalty associated with the high flexibility

novelty of our solution resides in its adaptability to the sequen{fk2dapting to the bandwidth variations is provided. In particular,

characteristics, channel conditions, and/or device complexity {h€APpendixshowsresultsdemonstrating aclearrelationshipbe-
The scalability structures proposed here can considerably i¥€€n the temporal correlation in a sequence and the amount of

prove the performance of the FGS framework while preservifgnalty that standard FGS suffers in video quality.

most of the flexibility and attractive characteristics typical to the

“basic” FGS scheméWe refer to our proposed scalability struc- Il. MC-FGS STRUCTURE

tures as motion-compensation FGS (MC-FGS) [14], [15]. More- In this section, two extensions to the “basic* FGS scheme are

over, our MC-FGS based structures can serve two classes of wisgzsented (see Fig. 1), both of which introduce MC within the

lessreceivers. Oneistailored for relatively powerful devices (e.§GS EL. Below, we describe these two approaches and highlight

laptops) connected to wireless LANs. The second MC-FGS sothieir advantages and drawbacks.

tion is for a lower complexity solution that is more suitable for

“thin” devices. Each of these solutions has their own advantagis Two-Loop MC-FGS foB Frames

and disadvantages as described below. For the remainder of thigigorithmic Description: The proposed MC-FGS frame-

paper, we assume that our proposed adaptive solution can be stk portrayed in Fig. 1(a) introduces a MC loop within the

ported by a) an FGS-based encoder, which has access to se®@§ EL to exploit the remaining temporal correlation within

this layer. For simplicity and to limit the bit-rate overhead

1Subsequently, we refer to the MPEG-4 FGS scheme, which has no motigesOciated with a second MC loop, the MC loop within the
compensation within the FGS EL, as the “basic” FGS scheme. FGS-layer re-uses the base-layer motion-vectors and prediction

Prediction-based Fine granular scalable Enhancement Layer

Portion of the FGS-layer
used for enhancement-
W layer MC

Prediction-based Fine granular scalable Enhancement Layer

“Extended” base-layer
that includes also part
of the enhancement-
layer

A
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modes, while the resulting EL residual is compressed usi
the same embedded codec as in the “basic” FGS scheme.
illustrated in Fig. 1(a), not all (only up t&,,,..2) FGS bitplanes
are part of the EL MC-loop. The number of bitplanéd,,
included in the FGS MC-loop is chosen by trading off:

1) coding gain (i.e., a larg&/ value potentially leads to im-

proved temporal decorrelation within the FGS-layer)
2) prediction drif¢ occurring within the FGS-layer at low

bit rates, when fewer bitplanes thafare transmitted/re- | === a” ] 'I'L' 5 .. w ..| : Iﬂ "

ceived, (i.e., a small value df limits prediction drift). " ] it I

Hence, to limit the drift incurred at low bit rates, preferably ! [ x — Trere |
only a few FGS bitplanes are included in the EL MC-loop, e.g - il |
M = 2-3 bitplanes. (For improved performance, a differe |
value of M can be chosen for each frame.) The MC predictio ' e
within the FGS-layer is restricted tB frames because a rela- i
tively high coding gain is obtained while preserving many of th | s=te= s
“basic” FGS structure benefits. For instance, under this fram iy [t
work, if a number of bitplanes lower thaW is transmitted for
the and/orP EL frames, the prediction drift is confined to the " - i
B enhancement frames.

Furthermore, this MC-FGS structure achieves a highei. 2. Block diagram of two-loop MC-FGS encoder.
coding gain (see Section Ill) than the “basic” FGS scheme due

to its superior temporal decorrelation for tlieenhancement . :
frames. SinceB frames account for 66% of the total EL bit2™€ at @ larger distance from the current frames. At high trans-

.atéaission bitrates, alarge numberBframes results in increased
t performance since more frames take advantage of the EL pre-

with restricting the EL MC to thd3 frames is limited for mos

LT iction.
sequences. Another reason why eliminating the MC betweglr? . . . .
the P enhancement frames has only a limited effect on codin Complexity Discussion:The encoder block-diagram of the

efficiency resides in the less accurate MC prediction of t o-loop MC-FGS is depicted in Fig. 2. From a complexity per-

P enhancement frames, which have a larger distance to th%rﬁective, itis important to notice that the base-layer structure re-
reference frames than tr’B frames. Hence, we include in themains unchanged. For ti@and > frames, there is no MC within
two-loop MC-FGS only theB enhancement’ frames the EL and hence, for these frames, the complexity is also the

From the resilience perspective, since the two-loop MC—F(‘jséam? gstfor(jthe ‘;jb?S'i;;;(?S framevtvcb)rliﬁg add|t|c()jna| Ela I(\j/IC
is restricted to théB enhancement frames, packet-losses occ ?—Odp |s||:n rcihuchB?r r?;n €s, & IO d ée.entc;‘o E(rBaSnl e
ring in I or P EL frames will not propagate beyond the B coder. or the rames, the signal coded In the -layer

frames. Thus, subsequent ELframes within the GOP remain of the ith frame is
unaffected. Moreover, since the base-layeframes remains .
unaffected, the ELB frames can be easily interpolated from MOFGS(i, M)

the correctly received EL reference frames or can be entirely = FGSR(?) — MCFGSR(¢, M)
discarded. This represents one of the advantages of this simpli- = MCR(4) — MCRQ(i) — MCFGSR(4, M)
fied MC-FGS structure when compared with a more elaborate
scheme such as the one proposed in [12]. where
The number ofB frames between twd” frame in the de- FGSR(4) = MCR(i) — MCRQ(), as in the
scribed two-loop MC-FGS structure strongly influences both “basic” FGS:

its coding (PSNR) performance and resilience. At low trans- MCFGSR(i, M) ith frame MC-prediction based on thé
mission bit rates, a large number Bfframes results in a de- ’ most significant bitplanes of the FGS-
creased PSNR performance due to prediction drift and reduced layer reference frame(s);

resilience since multiplés EL frames are affected and the con-

. o CR(%) MC-residual of theth frame;
cealmentis not very effective since the used EL reference framea/[ORQ(i) reconstructed MC residual of théh
2Rmax aNdRymin are the maximum and minimum bit rate available over the frame (after quantization and dequanti-
network at all times. zation).

3Prediction drift occurs within the FGS EL & < M bitplanes are trans-
mitted/received because the references used for MC prediction within the FG,S-The EL MC loop for the3 frames re-uses the base-layer mo-

layer are different at the encoder and decoder. At the encoder prediction is baéefl vectors and prediction modes. Furthermore, the additional
onM-hitplanes of the reference, while at the decoder itis based onforihit-  complexity associated with the MC within the EL is lower than
p'i”es' _ _ N for the base-layer decoding, since the motion vectors are already

In the “basic” FGS framework, a simple, yet efficient rate-control can ba ded by the b | dthe MC i d d to fetchi h
performed by allocating an equal number of bits to all EL framigsR(/ B), ecoded by the base layer and the Is reduced to tetching the
since there is no MC in this layer [7]. reference data and adding the residual data.
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The proposed two-loop MC-FGS is less complex than the * MC-FGS is restricted to thé? frames, to ensure
PFGS-scheme in [12], since in MC-FGS the MC is inserted that even at low bit rates, the prediction drift does not
within the EL only for theB frames. Furthermore, if the de- propagate beyond subsequent base-l&y/&ames.

coder does not have enough processing power to decode the att-is important to note that for the single-loop MC-FGS, there
ditional EL MC loop, with MC-FGS, the ELB frames or even is significant coding gain that can be obtained by including all
all of the B frames can be discarded without affecting the suérames (i.e., not only thé3 frames) in the EL MC, unlike the
ceeding frames. Hence, the proposed two-loop MC-FGS allowgo-loop MC-FGS frames.

for graceful complexity scalability in addition to bit-rate scala- From a packet-loss resilience perspective, if the one loop

bility. MC-FGS is applied only on th8 frames, then losses occurring
Summarizing, the two-loop MC-FGS characteristics are agthin an/ or P EL frame are confined to th& frames for

follows. which this frame is used as a reference. However, compared
Advantages: with the two-loop MC-FGS presented above, it is important

« improved coding efficiency compared with thgl0 notice that in this case, the base-layer of thérame will
“basic” FGS scheme: also be affected. Alternatively, if all frames are included in the

« unmodified base-layer structure and complexity; Single-loop MC-FGS, a loss within ahor P EL frame will
« prediction drift occurring at low bit rates is confinedPropagate to all BL and EL frames until the e_nd ofthe GOP. This
to the ELB frames: represents one of the drawbacks of the single-loop approach
« packet-losses within the EL do not propagate pdvhen compared with the two-loop framework described above.
yond the ELB frames. Consequently, the GOP structure employed for coding the
Disadvantages: single-loop MC-FGS structures strongly influences both their
: coding performance and their resilience and resulting drift at
* the coding gain is limited since the base-layer rgow transmission bit rates. For the single-loop MC-FGS, the
mains unchanged independent of the transmission Kdeoff is between
rate, and thus, MC-FGS does not take full advantage
of the temporal correlation among successive frames;
 higher complexity, since an additional MC-loop is
added in the EL for the? frames. However, this dis-
advantage is compensated for by providing a device
the option of resorting to single-loop decoding when
needed, as explained above.

< a large GOP size, which leads to a good performance at
high transmission bit rates since bit-rate codtlframes
are not frequently inserted;

« asmall GOP size, which leads to reduced drift effects that
are accumulated at low transmission bit rates.

The effect of the GOP sizes on the single-loop MC-FGS
quality can be reduced if intra-coded macroblocks are regularly
) coded to limit the drift.
B. Single-Loop MC-FGS Complexity DiscussionThe single-loop MC-FGS encoder
Algorithmic Description: In the single-loop MC-FGS IS depicted in Fig. 3 for the case MC-prediction is limited to
depicted in Fig. 1(b), both the base layerd EL are used for B frames. An_|mportant advantage of the smgle-loop MC-FGS
the base-layemprediction. Thus, unlike the two-loop MC-FGS,framework is its low implementation complexity: only a set of
this new structuredoes modifythe base-layer performancelogical “and” operations are added to the “basic” FGS encoder
While the base-layer coding process remains unaltered, ffifl decoder. If the “extended” base-layer is used only for the
coding parameters (e.g., quantization-step) change due to Rfgdiction of 5 frames, an additional frame memory is neces-
improved reference frames resulting from the introduction 87 for both the encoder and decoder, since the references for
EL data in the MC prediction loop. The fine-granular methoH1€ £ and B frames prediction are different.
employed by the “basic” FGS coding scheme is also used forSummarizing, the single-loop MC-FGS characteristics are:

coding the EL residual. Advantages:

For the single-loop MC-FGS, we introduce the notion of an « high coding efficiency since the base-layer perfor-
“extended base-layer” which includes integrated BL/EL data. mance is modified to take advantage of the improved
Hence, if the transmission bandwidth drops below the rate nec- temporal decorrelation at transmission bit rates higher
essary for transmitting this “extended” base-layer, the truncated than the “extended” base-layer bit rate;

“extended base-layer” data will suffer from drift until the néxt * low-complexity due to the single-loop structure.
frame (in the case where MC-FGS is employed for all frames). Disadvantages:

Consequently, with the proposed approach, even though predic- « prediction drift can result at bit rates lower than the
tion drift occurs at low transmission bit rates, the fine-granular “extended base-layer” bit rate;

scalability property is still preserved, and a decodable stream « packet losses occurring in the EL may affect the

can be generated at all bit rates between the base-layer bit rate base-layer performance.

Rp;. and the maximum bit rat#,,..,. Two implementations of  As mentioned above, to limit prediction drift or packet-loss

the proposed single-loop MC-FGS method can be envisagedhropagation, the single-loop MC-FGS can be restrictedsto
« MC-FGS is applied for all frames, therebyframes at the expense of lower coding gain. Consequently,
achieving improved temporal decorrelation for alkingle-loop MC-FGS is especially suitable for efficient trans-
frames, and hence, higher coding efficiency. mission through channels with few packet-losses and for
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o Video Sequence/
Standard FGS Stream

Determine TCC

Code
using FGS

Code
using 1-loop MC-FGS
for all-frames

Device(s) have
iow complexity?

Code
using 1-loop MC-FGS
for B-frames

Device(s) have
low complexity?

Yes > Code
using FGS

Fig. 3. Block-diagram of the single-loop MC-FGS encoder applied only fo
B frames.

Code
using 2-foop MC-FGS
for B-frames

applications requiring low-complexity decoders (or codecs i
general).

Note aI;o that since the introduction of the smgle-looplg_ 4. Adaptive MC-FGS decision algorithm for switching between the
MC-FGS in [14], several papers [16]-[17] have reporteghrious FGS structures.
improvements by carefully controlling the amount of drift
introduced at low bit rates.

for more details.) These paramete®@(C and7’h) are used
C. Adaptive MC-FGS (AMC-FGS) to determine if the standard FGS structure is sufficient (from

a quality perspective). If that is the case, then FGS is the clear

The performance ofthe MC structuresdescribedinthe previo&%ice due to its advantages (low complexity, high-scalability,
two sections depends on the sequence characteristics as weélnegs packet-loss resilience). Otherwise, one of the MC-FGS

the network characteristics or device capabilities. Hence, for Q| ~tures can be employed if there is a high-temporal correla-
timal streaming performance over wireless networks, an adaptjys, among successive frames

streaming system that chooses the most suitable FGS structurg,o  qecision for using single-loop versus double-loop

based on the bandwidth variations or device capabilities Sho%-FGS can be based on the bandwidth variation. In the figure
b_e employed. The adaptation could take place either at encpqmg show a very simple example of making this decision by
time or at a proxy within the network (e.g., at the base'Stat'O@valuating the difference between the minimum bit rétg,,
Forinstance, in the case of a live broadcast, the bandwidth raraﬂﬁ all the connections) and the base-layer bit r&tg. (e.g.

of the active receivers can be determined (€.g., based on RTFyig5, 5jready coded FGS stream). If the difference in bit rate is
ports). The bitrate of the e>§tended pase—layercan thep be Semaher than some thresholgl,,, then single-loop MC-FGS is a
be lower than that of most clients, while the base-layer bitrate c@lple option. Otherwise, to improve quality for higher bit-rate

be set to equal the lowest receiver bit rate. IfthecontentiscodIPe@eiVerS while avoiding the disadvantages of single-loop
off-line, the switchbetweenthevariousstructurescantake placg gt g double-loop MC-FGS should be considered. It is

theproxybytranscodingbetweenthevariousFGSformats.AIu—ﬁxh-Ioortant to note that the proposed algorithm can be made

natively, if multiple versions of the same content are coded “Siﬁgaptive per GOP (or frame or even macroblock). It should also
the various FGS structures, the stream that has the best peffar+,ied that for more complex receivers, two-loop MC-FGS

mance fora particular network condition or device capability can) 4 even be replaced with the PFGS structure proposed in [12].
be transmitted. Switching between the various streams can for in-

stance be performed at @frame.

Fig. 4 portrays a proposed decision mechanism for choosing
between the various FGS structures. In the fig@r€,C is a In this section, the results for both proposed MC-FGS
measure of the temporal correlation among successive F@8thods are givériorthethree MPEG-4 sequend@sastguard
frame$ andTh is some (TCC) threshold. (See the Appendix

[ll. SIMULATION RESULTS

SNote that TCC can be replaced by simpler methods of computing the tem$lt is important to note that a comparison between the two-loop MC-FGS and
poral correlation like motion-vectors and texture information that are alreatA=GS could not performed, since neither the implementation details, nor the
computed for the base-layer rate-control. PFGS software are available.
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TABLE |
PSNRIN DECIBELS AS A FUNCTION OF THE BIT RATE AND NUMBER OF
BITPLANES M INCLUDED IN THE MC OF THE SINGLE-LOOP MC-FGS
FOR THE “FOREMAN" SEQUENCES (THE HIGHEST PSNR \ALUE FOR A
PARTICULAR BIT RATE IS HIGHLIGHTED)

Bit-rate (kbit/s) | M=0 M=1 M=2 M=3
100 29.1 28.6 28.2 27.6
200 30.6 30.9 30.8 30.1
400 32.7 33.1 34.6 335
600 347 35.0 36.2 357
1100 382 38.2 38.9 39.7

with Nor_frames, NOP_frames ) VOB _frames being the number of

I, P and B frames, respectively, within a GOP abd bP, bB
being the bit budgets for the various frame types with >

bP > bB. As mentioned above, the overall quality can be varied
by employing a different number of EL bitplanes within the MC
loop. In Fig. 5(a), the PSNR differences between the proposed
two-loop MC-FGS and the “basic” FGS scheme are plotted.
Similarly, Fig. 5(b) and (c) portray the PSNR difference between
the single-loop MC-FGS structures for all frames @&hftames,
respectively.

At bit rates higher than the “extended” base-layer rates, the
results of the single-loop MC-FGS structure outperform that of
the two-loop MC-FGS. This is mainly because in the single-loop
MC-FGS, the reference frames are also improved and thus the
base-layer frames take advantage of the improved temporal
decorrelation. However, it is important to notice that at very low
bit rates (up to 1.%2g1, dependent on the sequence), single-loop
MC-FGS for all frames results in relatively poor quality due
to prediction drift. For single-loop MC-FGS restricted 1
frames, the drift is limited since in this case only tBdrames

Fig. 5. Comparison between the “basic” FGS framework and proposed M€ affected. To limit the drift occurring at low bit rates, fewer

FGS structures.

Foremanand Mobile at CIF-resolution, 10 Hz. As mentioned
previously, the GOP structure employed for coding the thr
MC-FGS structures strongly influences their coding perfor-
mance. In the results shown in this section, the same G
structure withNgop = 21 andMgor = 3 has been used for
all structures. The results have been generated for a base-|
bit rate Ry, equal to 100 kbits/s anf,,,.. equal to 1 Mbits/s.
For the base-layer encoding, the TM5 rate control has b
used, while the bit-rate allocation for the “basic” FGS scheme
allocated a fixed number of bits to each EL frame. Howev
more sophisticated algorithms can be employed for the Fé%
EL. Note that the EL rate-control is especially important i
optimizing the performance of the new MC-FGS structure
However, even very simple rate-control mechanisms can re
in good rate-distortion performance. For example, in th
section, a simple yet efficient approach is used, which allocat§

the total bit-budgeB,.; of a GOP according to

Btot = bl * NOI_frames + bP NOP_frames + bB NOB_frames

erd

bitplanes can be inserted in the MC loop. However, this comes at
the expense of reduced coding efficiency for the higher bit rates.
Fromthepreviousplots,itcanbe noticedthatthe PSNR gain ob-
éained by the various MC-FGS methods depends onthe sequence
c%aracteristics:forsequenceswithahightemporal correlationbe-
en frames (e.g., “Mobile”) the gain is higher than for those
with less temporal correlation (e.g., “Coastguard”). Fortunately,
the sequences for which the proposed MC-FGS schemes have a

ar‘XSI[m coding efficiency are precisely those sequences for which

the “basic” FGS had a poor R-D performance (see the results in

een

e Appendix). Consequently, the proposed MC-FGS structures
réduce the FGS coding gain penalty compared to the nonscalable
ecs to less than 1 dB for most sequences.

n n the results portrayed in Fig. 5, the number of bitplafés
included inthe MC-loop ofthe single-loop MC-FGS equals 2. To
Better understand the relationship betwéérand the resulting

sult

Prediction—drift at low bit rates versus the quality improvement
at high bit rates, the PSNR results are given in Table | for the
oreman” sequence atvarious bitrates. Note that atlow bit rates,
the “basic” FGS 4/ = 0) gives the best PSNR performance,
while the single-loop MC-FGS exhibits drift that increases with
M. As the bit rate increases, the single-loop MC-FGS starts to
outperform the “basic” FGS performance and thus a larger value
of M can be chosen. The results shown in Table | indicate that

"To compare the performance gap between single-layer and FGS with that

between single-layer and the new MC-FGS structures, the reader is referre

ideedM should be chosen to allow for the best overall perfor-

the Appendix, where such results are given for various sequences or to [8]. mance across all transmission bit rates.
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Fig. 6. Drift reduction by alternating the “basic” FGS framework and
single-loop MC FGS for all frames based on temporal correlation. Fig. 7. Complexity of the various FGS structures.

To limit the drift of single-loop MC-FGS for all frames while minal’s capabilities, different streams can be transmitted for
preserving its gain at higher bit rates, a different number eptimal performance. Also, from Fig. 7 it can be established
EL bitplanes should be incorporated in the MC prediction loojpat FGS structures exhibit complexity scalability as well as
of single-loop MC-FGS coding based on the temporal correlgit-rate scalability, i.e., the decoding complexity decreases with
tion within the sequence (see Section Il). For sequences wille transmitted bit rate.

a high temporal correlation, the single-loop MC-FGS scheme
should used to exploit this redundancy, while for sequences with [V. CONCLUSIONS AND DISCUSSION

limited temporal correlation, the “basic” FGS scheme with no In thi q daptive MC-FGS codi
EL MC should be employed. This mechanism has been em " tis paper, we presentg a new adaptive -FsS coding
heme that is able to fulfill the “Anywhere, Anytime, and

ployed for the “Foreman” sequence that exhibits moderate teni: " wirel o di q . bil
poral correlation in the beginning and high temporal correl@-nyone wireless transmission paradigm, due to its ability

tion toward the end of the sequence. The results are portraye madapt to Iarge varlatloqs 'Tj network dCh"?‘raCtefl'_it'CS and to q
Fig. 6. It can be seen that by switching between the single-lo resource heterogeneity between devices. The propose

MC-EGS scheme for all frames and the “basic” EGS sche heme adapts among the basic FGS structure and two novel

the best tradeoff between high performance gain at high bit ra{\ég'FGS approac.he's based on the sequence characteristics,
and reduced drift at low bit rates can be achieved. network chz?\ractenstlcs anq dgwce .capabllllltles and is thereby
Based on the previously described analysis, it can be detgp-le to ach|eye a Ia_rge gan in cod|_ng efﬁmen_cy (up to 2-dB
mined that MC-FGS should be employed only for Sewer]c|é'%provement|n quality) compared with the basp FGS.scheme.
with a high temporal correlation. For these sequences, t-ﬁ e proposed MC-FGS coding structures obtain an improved

coding penalty for FGS is high, and employing MC can Signilt;oding efficiency by introducing MC within the FGS EL.

icantly improve the coding efficiency. Moreover, since the Sé:_urthermore, it should be mentioned that the performances

guences exhibit high temporal correlation, temporal error-co f the proppsed MC-FGS ;chemes could be further |mpr_oved
cealment techniques become more efficient, and thus, the Te- emp_loylng more sophisticated rat_e-control mechqnls_ms.
duced resilience of MC-FGS is of lesser importance, since ternatively, the results can also be improved by switching

can be compensated by efficient concealment. Furthermot?g,tv_\'een the various AMC-FGS structures on a macroblock

for these sequences, the prediction drift introduced at Iovx)%?s's' r:ther iza? t(;n a freflme level. Ffolra:;zt;nce, 'S [1,8] It hasd
bit rates is also less visible. For sequences with low te<S" SNOWN that In€ periormance o can be improve

poral correlation, MC-FGS is not necessary because the té the references used for prediction in the EL are selectively

poral correlation has already been exploited at the base—la%?ermmed on a macroblockn basis. Ne\(e_rtheless, SW'.tChmg
level and the FGS coding penalty is very limited. Henc&l the macroblock level requires transmitting the prediction
the tradeoff between the FGS and MC-FGS structures cansS@JCture for each macroblock unless the decision can be solely
made dependent on the temporal correlation of the sequeR@éed on base-layer mforn'"nat'lon known at both the enco.der'and
to be coded. decoder before the transmission of the FGS EL. Also, switching
From a complexity perspective, two-loop MC-FGS is thihe prediction structure at the macroblock level increases the
most complex, followed by single-loop MC-FGS as depicte%omplex'ty of the AMC-FGS structure significantly. More-

by Fig. 7, where the complexity is expressed as the numberodller'_t_he macroblock-adaptive decision mechanl_sm leads to a
@lﬁmﬂcantly) more complex encoder. The adaptive MC-FGS
C

frames that can be decoded using the various structures o ides | 4 flexibility i tomizing the FGS
300-MHz Pentium P@. Thus, depending on the mobile-ter->¢N€ME Provides increased Tiexibiiity in customizing the
framework for a particular application. For example, with the
8While the performance analysis was obtained using a high complexity P@qd't'on of these MC-FGS structures, tradeoffs can be eaSIIy
the results obtained are indicative for both the complexity scalability and timade between coding efficiency, robustness to packet-losses
difference in complexity between the FGS structures. However, to determiaﬁd computational complexity For improved coding gain
S, : '

the exact complexity levels of the FGS structures for various wireless terminal :
a more in-depth complexity analysis for specific platforms is required. single-loop MC-FGS for all frames can be used for higher
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Fig. 8. PSNR values per frame for various sequences coded with a nonscalable coder at 300 kbits/s and coded with FGS with a 100-kbits/s base layer and a

200-kbits/s EL.

bandwidth wireless transmission to “thin” clients. Alterna-
tively, for low-bandwidth wireless channels, either the basic
FGS or the two-loop MC-FGS scheme f& frames can be

employed depending on the sequence characteristics and device

capabilities.

The adaptive MC-FGS framework has several advantages for
wireless transmission besides the adaptation to bandwidth vari-
ations, robustness to losses in the wireless channel and com-
plexity scalability to the various mobile devices.

1) Adaptive QoS Managemerior video applications like

real-time video streaming and video-conferencing,
very strict set of QoS requirements needs to be satisfied.

300 400 500 600

Frame number

Hence, a certain QoS level needs to be negotiated for
each individual session (connection), called a service
level agreement (SLA). A certain SLA can define
service parameters like precedence, reliability, delay
and throughput [19]. Using these SLA parameters, the
mobile terminal (MT) negotiates a specific SLA with the
network, or chooses from a set of available SLAs when
initiating the session.

However, any number of conditions can cause the net-
work to be unable to meet the QoS agreement. These con-
ditions are primarily the prevailing channel conditions,
mobility and transmission conditions that are external to
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the wireless network (i.e., congestion within the Interne
when trying to access multimedia data). This is in shal
contrast with traditional distributed applications, where
stable presence and a consistently high network qual
are possible. Hence, an unqualified QoS guarantee is i
possible, and it is thus the variation in QoS that fomg
the difference between wireless and wired networks. TH
implies that for wireless networksdaptive QoS man-
agementhat specifies a range of acceptable QoS (SLA
rather than trying to guarantee specific values is mo
suitable.

The previously mentioned QoS functions can be sup-
ported very easily by the adaptive MC-FGS frameworE
that allows for prioritized transmission, different levels
of resilience, different throughputs, etc. For instance, by
switching between the “basic” FGS and the single-loop
MC-FGS for all frames, an increased robustness to losses
can be easily traded-off against a higher coding efficiency
at higher bit rates. Hence, FGS is able to cooperate with
the QoS management over wireless networks to support
adaptation, thereby achieving a higher video transmission
quality over wireless channels.

“Scalable” Proxy Caching Strategie$n the wireless net-
work, caches are necessary at various intermediate nodes
(proxies) to guarantee the negotiated QoS for a certain
payload flow. For instance, caches containing “high-pri-
ority” (i.e., base-layer) packets can be employed to ensure
that if data is lost e.g., due to environmental conditions,

it can be retransmitted from these intermediate nodes in-
stead of from the source, thereby reducing the end-to-end
delay.

In the current implementation, if these caches over-
flow, the entire cache content is preempted. If adaptive
MC-FGS is used, various priorities can be assigned to
each packet according to its contribution to the visual
quality (ranging from base-layer packets to “extended”
base-layer packets to nonmotion compensated EL packets

ig. 9.
reams.

MCE LE: "Basic” FEE with @il | oronl base-lopers
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“Basic” FGS performance in comparison with multiple nonscalable

discrete sub-streams whose transmission is decided “on
the fly” depending on the available number of traffic
channels.

Furthermore, employing adaptive MC-FGS allows for
easy admission control whenever a new MT enters a cell,
while preserving the SLA of the existing MTs. In this
case, easy joint-quality control can be performed among
the various video data streams that are transmitted to the
various MTs within a cell, such that the quality of the pre-
viously existing MTs is degraded gracefully as a result
of admitting a new data flow. Moreover, in this manner,
various priorities can be assigned to different application
classes. For instance, a higher priority should be assigned
to a normal phone call than to multimedia streaming.
Thus, the video coding scheme employed for multimedia
streaming needs to be able to adapt on-the-fly to band-
width variations that are necessary in order to accommo-
date the bandwidth required for the higher priority appli-
cations.

APPENDIX
FGS EERFORMANCEANALYSIS

containing the less significant bitplanes). Consequently, While providing high flexibility in adapting to bandwidth

for effective cache management, the stored packets canfgiations and robustness to packet-losses, the “basic” FGS
discarded depending on their priority or time-dependeseheme is less efficient than a nonscalable coder operating at
cies (e.g., whenever the presentation time of that packhe same transmission bit rate [8]. To illustrate this, in Fig. 8,

has passed).

we plotted the performance of MPEG-4 FGS and nonscalable

3) Adaptive Channel Adaptation/Allocationin wireless coding for several well-known video test sequenc&sreman,
transmission, a different number of channels can I®oastguard, Mobile, Akiyo, Stefarat CIF-resolution and
allocated to the same MT, depending for instance, d® Hz® Also, a longer sequence from a television broad-

the number of MTs within the wireless cell. Adaptivecast—TV_seg—that contains several scene cuts has been added
MC-FGS bitstreams can be easily partitioned into priorto the test set to represent “typical” content.

tized sub-streams (classes) that contribute incrementallyFrom Fig. 8, it can be established that the coding penalty (i.e.,
to the resultant visual quality. These sub-streams cdifference in PSNR) between MPEG-4 nonscalable coding and
then be transmitted through various “traffic” channelshe MPEG-4 FGS coding (i.e., “basic” FGS structure) varies
with various QoS guarantees. Hence, as the numberdspending on the characteristics of the coded content. The ex-
channels allocated to an MT varies dynamically, thplanation for these results resides in the intrinsic characteristics
number of sub-streams transmitted to it is smoothlyf the FGS framework: a limited temporal correlation (e.g., in

and instantaneously adapted. Such an adaptation canngt o _
For the results in this section, the TM5 rate-control has been adopted for

be achieved with nonspalable_ _COd'nQ schemes, Sm&%ing the base-layer with a bit rate equal to 100 kbits/s. The employed GOP
the data cannot be easily partitioned into a number efuctures use?Vcor = 21 andMaop = 3.
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Fig. 10. TCC as a function of the frame number for various sequences.

high-motion sequences) can be easily eliminated by a base-layer FGS EL in more detail. We compute the TCC, which mea-
coded at a low bit rate, leading to very limited coding penalty faures the correlation coefficient between the current EL frame
“basic” FGS. However, for sequences with high temporal coand the motion-compensated reference EL frame that is used as
relation, a low bit-rate base-layer cannot fully exploit this com predictor for the current frame. TCC can be determined at en-
relation, as can be seen for thtobile sequence. In this case, acoding time either in real-time or off-line, by using

higher base-layer bit rate is necessary to reduce the “basic” FGS
coding penalty as can be seen from Fig. 9. (Consequently, to iffy —
prove the FGS performance for such sequences, the single-loop w
MC-FGS structure can be employed that results in a higher “ex- ABS <
tended” base-layer bit rate.) '

H
> (f(w, h) — Avep)(r(w, h) — Ave,,)>

w=1 h=1

Subsequently, we study the correspondence between the FG & i (f(w, h) — Aves)? % f: (r(w, h) — Ave,)?
coding efficiency penalty and the temporal correlation withiny/ ,=1 ;=1 ’ & h=1 ’ '
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The above analysis indicates that the temporal correlation
measured in the direction of motion, TCC, is a good indica-
tion of the coding penalty gap between the nonscalable and the
“basic” FGS coders. Hence, TCC can be successfully used for:

1) determining the number of bitplanes to be employed in

o A

M :__I'. Iu'w i | f‘J ot "‘“nlll I.
1 R sta e

Frares rumbae

1] N

Fig. 11. Temporal correlation for the “Mobile” sequence at various bit rates.
(1
where
ABS  absolute value function; [2]
W, H width and height of the frame/image, respectively;
f current EL frame; (3]
Avey; average pixel value of;
r motion-compensated reference EL frame for [4]
Ave,  average pixel value of.

Fig. 10 plots the values of TCC for each frame of the var- (5]
ious video sequencés.By comparing the EL temporal corre-
lation for a certain frame in Fig. 10 with the coding efficiency (6]
penalty for that particular frame between the “basic” FGS and
the nonscalable coders in Fig. 9, the following conclusions can
be drawn. 7

1) If the temporal correlation coefficient is below a certain [8]
threshold, e.g., 0.4, then FGS can outperform the non-
scalable coder performance. This is because there is ngy
advantage associated with employing MC for higher fre-
quencies, and because the FGS entropy coder is more effi;,
cient than the nonscalable (run, amplitude) entropy coder
for the compression of the high frequency SNR residual
signal. Examples where FGS outperforms the nonscalablg®
coder are the scene change in Bseemansequence, the
high-motion scene in th&V_segsequence, etc.). (12]
Low-motion sequences have high TCCs, leading to a
large coding penalty gap between FGS and the nonscajt3]
able coder.

Another interesting observation can be made from Fig. 114
where the temporal correlation for the “Mobile” sequence at
several bit rates is portrayed. From Fig. 11, it can be seen tha[a,s]
as expected, the temporal correlation between frames decreases
with increasing bit rate. This also explains why the quality dif-
ference between the nonscalable coder and FGS decreased
a higher base-layer bit rate is employed for FGS. Hence, thg7
FGS coding penalty is high only for low-motion sequences and
it is caused by a reduced exploitation of the temporal correlati0ﬂ8]
within the sequence.

2)

10Note that the temporal correlation varies not only from frame to frame, but
also from macroblock to macroblock. Consequently, as mentioned in the Corf19]
clusions, the results of AMC-FGS can be improved by switching between the
various structures on a macroblock basis, rather than on a frame level.

the “extended” base-layer;

2) switching among the AMC-FGS structures introduced in

this paper to reduce the FGS quality penalty when com-
pared with nonscalable coding.
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