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ABSTRACT

As an accepted solution to the mobile network logiemeity problem, the layered multiple distributienquires
data layering and subscriber join-experiments thast amount of resources. So, it is limited in tegeneous
mobile network environments. This paper first pisg®a novel adaptive stream multiple distributionMPEG-4
FGS video to meet these challenges. Based on tkeegfanularity property of MPEG-4 FGS video coding
technology, the scheme tries to delivery multimedidtiple distribution service over the heterogemeoetworks in

a similar way as that to transport water in pip&ls) where the valves in pipelines adjust water titumext pipeline.

A modified method of computing PSNR, which consdltre dependence of frames in one GOP, is usexhtaate
the MPEG-4 FGS video transmission. Simulated resaollicate that the scheme could dispose the hgtewty of
networks and end-systems freely, with permanehilisgaflexible scalability
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INTRODUCTION

In the future, the existing wired and wireless ratsg are expected to interconnect each other andecged to a
huge and heterogeneous network [1]. To handle dgd@eous network conditions, layered multiple distion [2]
was suggested to delivery video service to heteregeas subscribers. The technique requires videarstto be
organized into layers, and each layer is sentseparate multiple distribution group. Under theilatde bandwidth,
subscribers join the appropriate number of laygrpim-experiments. Nevertheless, under wirelessrenments [3]
frequent join-experiments will cost amount of rem®s because of frequently fluctuant bandwidth. $Ttleeme
doesn't fit for video stream transmission in wissenetworks. What's more, the segmentation of vitemam and
synchronization of received layered data must be ebnsidered really. This leads to more compldgityerminals.
However, most efforts [4-14] are devoted to resothie questions about fairness, congestion contral a
TCP-friendliness of layered multiple distributionsll these efforts could not radically remedy theoae fatal
drawbacks of layered multiple distributions. Instpaper, an adaptive stream multiple distributmmMPEG-4 FGS
video, which takes advantage of the fine-granylatbperty of MPEG-4 FGS [15] video coding techryylais first
proposed to addressthe insurmountable issues efddymultiple distribution.The scheme tries to \d=lithe
MPEG-4 FGS encoded video stream over heterogenesiwgorks in the same way as that to supply water by
pipelines.

ADAPTIVE STREAM MULTIPLE DISTRIBUTION SCHEME

The MPEG—4 video coding with Fine Granularity Sbélty (FGS) is a new coding technique expressigigieed
for video streaming. With FGS coding the videonsa&led into a base layer(BL) and one enhancemgert (&L).

Similar to conventional scalable video coding, bHase layer must bereceived completely in ordereimode and
display a basic quality video.

The discrete cosine transform coefficients of FG@8amcement layer are bit—plane codedand there isatmn
compensationwithin the FGS enhancement layer. 8oetthancement layer can be truncated anywhereeat th
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granularity of bitsto adapt to the available netevmsourcesandthe remaining part can still be dettad improve
upon the basicvideo quality, while the conventiosablablevideo codingrequires the reception of detap
enhancement layers to improve upon the basic vigedy This makes the enhancement layer highlylieas to
transmission errors,and subsequently well suitedh® transmission over error—prone networks suchthas
best—effort Internet. The base layer is transmittéth high reliability (achievedthrough appropriatesource
allocation and/or channel error correction) andR&S enhancement layer istransmitted with low bdlig (i.e., in
a best effort manner and without error control).

With fine granularity property, the FGS—encodedeas canflexibly adapt to changes in the availabledividth in
wired and wireless networks. The FGS video codiag the potential to fundamentally change the vistesaming
in networks.

As presented in [16], the enhancement layer of MBBEEEGSS pre-coded video stream could be truncatgditzere,
so its throughput could be adapted by cuttingritsamcement layer. That also means that the videarstrate can
be adjusted according tothe network status of gh@ivnstream links by the routers in networks, whigitks as the
valves in pipelines do to regulate the flux of watea downstream pipeline.

Thus, the ASM-CBCC is devised to deliver the MPEGEIS encoded video stream over heterogeneous restivor
the same way as that to supply water by pipeliéth the scheme, sources do nothing but send \stieam to a
multiple distribution group and each receiver joine multiple distribution group. The more the fieee gets data,
the better it perceives video quality. Simultandguouters on multiple distributiondistributione conduct rate
adaptation according to network congestion statherefore, the ASM-CBCC is actually a single-chammeltiple
distribution with router-assisted congestion colntro

A MPEG-4 FGS DropTail (MF-DT) priority queue alse schemed out to adapt the throughput of video
downstream links by dropping some enhancement lpgekets according to queue length change, whidicares
network congestion status. In the queue, diffepgidrities are assigned to the I, P, B, E packétthhe MPEG-4
FGS video stream with the priority from high to loespectively, where E packets are that of enhaanefayer. It
also assumes that non-video packets have the saonigypas that of | packets. When a queue readisdamit, the
packets with lowest priority will be listed out frothe queue’s tail. If their priorities are lowdrah that of an
arriving packet, the first packet with lowest piigrwill be dropped and the packets after it wid lmoved forward
correspondingly. Then the arriving packet is apgehis the tail of the queue. Otherwise, the argypacket will be
dropped simply. The MF-DF could be implemented msegension of present queues and completely cabhpat
with them.

EVALUATION METRIC OF MPEG-4 FGSVIDEO TRANSMISSION

There are many methods to evaluate the MPEG-4 R@&® ¥ransmission by QoS parameters, i.e. packstriatio,
delay jitter, starvation probabilities and so out they doni t reflect perceived video quality. The most widesut
method is the calculation of peak signal to no@er(PSNR) of video sequences. Nevertheless, #thad [17] to
obtain approximate PSNR for MPEG-4 FGS video doesnnsider the dependencies of video sequencdwasd
in Fig.1. So a novel scheme, which considers ifittane dependencies and rate-distortion curves tguil
designed in this paper to approximate the PSNRPBEM-4 FGS video sequences.

For each reference frame in current GoP as showé&ili3, its direct or indirect prediction frama® assigned to
assumable dependency-factor (DF) values accordieq tependency degree on the current referenceefra
Displayed in Fig.2, the | frame in current GoP Hageen prediction frames, i.e. the last two Bnies in last GoP
and the residual frames in current GoP. As theBwitames in last GoP are bi-directional predicticames relying
on the third P frame in last GoP and the | frameument GoP, they are given a DF value 0.5 respdgt The first
two B frames in current GoP gain a DF value 0.ASespect that they are predicted by the | frametha first P
frame in current GoP and the latter also dependb®iformer again. Only related to the | frame, fitet P frame in
current GoP is assigned a DF value 0.5 accordifiglg. second two B frames in current GoP with a Blee 0.875,
are bi-directionally predicted by the first and med P frame in current GoP, both of which rely ba t frame in
current GoP. Here the cumulative effects of theuife in current GoP are considered carefully. Siryil all the DF
values for each prediction frame of the | frameunrent GoP could be gained, showed in Fig.3.

304

to



Lu Zhao Ganand Li Junxi J. Chem. Pharm. Res,, 2014, 6(5):303-310

Fig.1 Typical frame sequence and dependenciesfor GoP

....... BBIBBPBEFPEBFPBEIBEB ...
{last gop) {current gop) (next gqop)

Fig.2 GoP pattern in video sequences

8.5 8.5 1 8.75 8.75 0.5 8.875 0.875 0.75 0.9375 0.9375 B.875 0.5 8.5

Fig.3 DF valuesfor prediction framesof | reference frame

@)

8.5 8.5 1 8.75 B.75 8.5 8.5 8.5 8.5 8.5 1 8.5 8.5

(b) (©

Fig.4 DF valuesfor prediction frames of (a) the 1st Pframe (b) the 2nd P frame (c) the 3rd Pframein one GoP

In one GOP, different reference frame has diffeqgetdiction frame number, as showed in Fig.4, wtarahe
prediction frames of the first, second and thirérame are given a DF value, respectively.Accordimd17], the
PSNR quality of a MPEG-4 FGS coded video is obtaibg adding its base layer PSNR quality and enhasoé
layer PSNR quality improvement. The base layer PSIN& the enhancement layer improvement PSNR, dmaild
gained by the piecewise linear interpolation of th&se layer packet loss ratio PSNR curve [18] amal t
enhancement layer rate-distortion curve, respdgtilderefore, the PSNR quality of a frame couldofained by
adding the two PSNR. However, for the predicticanfe of a reference frame, its PSNR quality muginbwis the
product of its DF value and the different PSNR lod teference frame between before and after trassmiin
networks.

PERFORMANCE ANALYSISAND EXPERIMENTS

The ASM-CBCC is implemented with network simulafd®] and evaluated in our simulated experiments. In
simulated scenarios, a multiple distribution sessiand a TCP connection are established to test the
TCP-friendliness of the scheme. Here, the first #a@ne video trace of the MPEG-4 FGS encoded fiffiThe
Firm” [20] and FTP are the traffic of the multiple distition session and the TCP connection, respewtildleir
throughputs under different shared link bandwidth,showed in Fig.5, indicate that the ASM-CBCCnigéneral

fair toward the competing TCP connection and midtgistribution session.
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Fig.5 (a) Original throughput of TCP and multiple distribution under 100M bottleneck bandwidth; (b) Throughput of TCP and multiple
distribution under 100M bottleneck bandwidth; (c) Throughput of TCP and multiple distribution under 50M bottleneck bandwidth; (d)
Throughput of TCP and multiple distribution under 10M bottleneck bandwidth

We also test the inter-session fairness of thersehand its capability of coping with heterogeneaesworks.
According to the PSNR computing method in sectibpthe perceived PSNR quality of MPEG-4 FGS video
sequences in this scenario [21] is approximated. Résults as showed in Fig.6-8 indicate that therse has good
inter-session fairness and robust capability td dith the heterogeneity of networks.
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Fig.6 (a) Original throughput of the three multiple distribution under 100M bottleneck bandwidth; (b) Throughput of the three multiple
distribution under 100M bottleneck bandwidth; (c) Throughput of the three multiple distribution under 50M bottleneck bandwidth; (d)
Throughput of the three multiple distribution under 10M bottleneck bandwidth.

The same simulated experiments with large-scalscsiliers reveal the nicer stability of the sche@#-23]. And
subscribers also could obtain the same video guadithat with small-scale receivers.
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Fig.7. (a) Original throughput of TCP and multiple distribution under 100M bottleneck bandwidth; (b) Throughput of TCP and multiple
distribution under 100M bottleneck bandwidth; (c) Throughput of TCP and multiple distribution under 50M bottleneck bandwidth; (d)
Throughput of TCP and multiple distribution under 10M bottleneck bandwidth.
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Fig.8. (a) Original throughput of the three multiple distribution under 100M bottleneck bandwidth; (b) Throughput of the three multiple
distribution under 100M bottleneck bandwidth; (c) Throughput of the three multiple distribution under 50M bottleneck bandwidth; (d)
Throughput of the three multiple distribution under 10M bottleneck bandwidth;

CONCLUSION

Simulated experiments show the permanent stalafithe ASM-CBCC with flexible scalability and unjudiced
fairness and TCP-friendliness. Compared with lagenaltiple distribution, the simple, robust andeetive scheme

is suitable for deploying in wireless circumstaneeth heterogeneous subscribers. At the same tanaovel
method to calculate PSNR value for MPEG-4 FGS videquences in simulated networks is also proposed t
evaluation of MPEG-4 FGS video transmission.
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