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transport data are divided into multiple data blocks, and

Abstract the corresponding FEC-encoded blocks are packetized

Forward error correction (FEC) is a common error control with the data blocks to form a single transport packet.
technique in which the streaming video is protected by addingSince the FEC recovery is performed on a packet-by-
redundant data to the encoded bitstream such that the Originabacket basis, the byte-level FEC is generally adopted in the
source information can still be recovered in the event of errors or y.- i layer to improve the transport robustness over

losses. Based on the information on the video content and . .
channel status, an optimal packet-level FEC model can be buiItW"’eless channels [3-5]. When the byte-level FEC is

to obtain the best video delivery quality of streaming video under cONsidered in  video transmissions, a cross-layer
the transmission rate constraints. However, the wireless channefifchitecture is necessary for video applications to
properties such as burst errors and limited bandwidth impair thecommunicate with lower link layer. Shan in [6] packs the
FEC efficiency since the FEC schemes typically adopts largeradio link protocol (RLP) blocks into an application packet,
packets to achieve a high data throughput. Accordingly, thisand the FEC blocks required to protect RLP blocks are
study integrates a packet size control (PSC) mechanism with thehen attached to the tail of the application packet. Given
optimal packet-level FEC in order to enhance the efficiency of q gitferent user-specified loss probabilities for video data
FEC over wireless networks. In the proposed approach, both theclasses, the author assigns the available bandwidth budget

degree of FEC redundancy and the transport packet size ar . .
adjusted simultaneously in accordance with a minimum %o generate the required FEC blocks for video data classes

bandwidth consumption strategy. The experimental results show!N their priority order. In the packet-level FEC scheme, on
that compared to the existing optimal packet-level FEC schemeghe other hand, the video stream is packetized into a series
in which the packet size is fixed, the proposed FEC-PSC schemef fixed-length packets. Then the source packet stream is
achieves a higher FEC efficiency (i.e. a better video quality with grouped into blocks, and FEC produces the required

a lower bandwidth overhead). _ _ redundant packets for each of packet blocks to achieve the
Keywords: forward error correction, packet size control, video required reconstruction quality [7]. In [8], an optimal
transmission, wireless network. packet-level FEC model within transmission rate constraint

is presented for MPEG video to obtain the highest playable
frame rate (PFR) of group of picture (GOP). In their model,
unequal error protection (UEP) is applied to produce
different amount of FEC redundancies for different frame
types, while the temporal scaling technique is used to
adjust the stream data rate by discarding frames based on
the frame dependency of MPEG video.

1. Introduction

Video streaming applications are generally sensitive
to loss, and thus when streaming video over best-effort
networks, some form of error control scheme is required to
improve the perceptual quality of the video at the receiving
end [1, 2]. Forward error correction (FEC) is a well-known In [9], it was shown that compared with the byte-
error control scheme in which the data throughput at thelevel FEC, packet-level FEC yields the maximum recovery
receiving end is increased by recovering errors/losses byefficiency in error-prone wireless networks. The packet-
means of redundant data items encoded into thelevel FEC can perform cross-packet loss recovery to
transmitted blocks. The source data items can therefore beffectively deal with continuous error-corrupted packets.
successfully reconstructed provided that a sufficient However, designing an efficient packet-level FEC scheme
number of total sending data items are captured at thds highly challenging under the transmission rate constraint
receiving end. in wireless networks. The video application generally
- transmits large packets over the network in order to obtain
In general, the efficiency of the FEC recovery ; .

. .a high data throughput, and accordingly generates the
process depends on the level at which redundancy is . !
; . . . redundant packets which have the same size as the source
introduced into the encoded video stream, i.e. at the byte- acket to combat wireless bit errors. Specially. a
level or the packet-level. In the byte-level FEC scheme, theP ’ - =P Y
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redundant packet is produced to recover any number offedundancy and the transport packet size are adjusted
wireless bit errors within the source packet. This leads anadaptively in such a way as to maximize the video goodput
inefficient FEC bandwidth allocation since a large number at the receiving end while simultaneously minimizing the
of redundant data is used to combat few wireless bit errorsbandwidth consumption. We integrate the packet size
Consequently, the optimal packet-level FEC scheme maycontrol (PSC) mechanism with the optimal packet-level
discard a large amount of low-priority frames in order to FEC scheme presented in [7] to improve the video
accommodate more redundant packets assigned to highreconstruction quality in wireless networks. In addition, a
priority video frames within the transmission rate budget. novel independent packetization mechanism is proposed to
Although the optimal FEC scheme aims at achieving theminimize the data dependency between the redundant
highest PFR value under the transmission rate constraintpackets, thereby providing the error-resilient redundant
the severe frame dropping may lead to an interrupted videgpackets and improving the recovery performance as a
presentation at the end-user side. In attempting to resolveesult. The experimental results show that compared with
the error-prone problem in wireless transmissions, severathe optimal packet-level FEC scheme using a fixed packet
schemes have been proposed for increasing thesize, the proposed FEC-PSC scheme can enhance
transmission reliability for video streaming applications by performances in terms of peak signal-to-noise ratio (PSNR)
increasing the block size [10] or interleaving several and playable frame rate, with the reduced bandwidth
blocks to distribute burst errors [11]. However, such an overhead.

approach usually induces the excessive end-to-end delay,
and is therefore unsuitable for video streaming applications,
which require a minimal end-to-end delay in order to
maximize the perceived quality at the receiving end.
Accordingly, a requirement exists for an alternative means
of enhancing the efficiency of FEC for video transmissions
over wireless networks.

The remainder of this paper is organized as follows.

Section 2 describes the optimal packet-level FEC scheme

for the transmission of MPEG-encoded video streams.

Section 3 describes the integration of the packet-level FEC

scheme with a packet size control mechanism in order to

optimize both the number of redundant packets and the

transport packet size. Section 4 introduces the proposed
The basic principle of FEC enhancement is to packetization method for the FEC redundant data and

increase the video goodput at the receiving end in such aeports the corresponding performance analysis. Section 5

way that a better error recovery performance is achievedpresents the experimental results. Finally, Section 6

with no significant increase in the bandwidth overhead andprovides some brief concluding remarks.

delay. In wireless networks, packet size control (PSC)

determines the tradeoff between transmission efficiency

and packet corruption rate. The use of a large packet siz%_ Optimal packet-level FEC for MPEG video

improves the bandwidth efficiency, but increases the data

corruption rate under poor channel conditions. Conversely, flows

using a small packet size reduces the degree of packet

corruption to enhance thg erro_r_cor_rectlon gapamty of FEC’video and FEC, and briefly restate the optimal packet-level

but degrades the bandwidth utilization efficiency due to the FEC scheme presented in [8]

additional header overhead. In practice, the threshold used '

to control the packet size is generally determined in 2 1 MPEG video

accordance with the bit error rate and the available

bandwidth. Existing packet size control schemes adapt the In MPEG video flows, the raw video data are

network-layer packet size or even the link-layer frame sizeencoded as intra-coded (), predictive (P), or bidirectional
in such a way as to achieve a maximum data goodput [12(p) video frames. The | frames are encoded independently
13]. The works in [14, 15] integrated the adaptive FEC andof any previous frames. However, the P frames are
dynamic packet sizing to provide the robust wireless encoded based on the change in motion from the previous |
transmission, but they only considered the data packelor p frame, while the B frames are encoded based on the
delivery quality in the network layer. The authors of [16] motion difference between the preceding | or P frame, and
proposed a byte-level FEC scheme with an adaptive packefhe following | or P frame. Following coding, the I, P and
size assignment mechanism to maximize the receiveds frames are arranged in a periodic sequence referred to as

quality in scalable video applications, but the effects of the group of pictures (GOP). The GOP is typically
overhead cost on the efficiency of the FEC recovery grranged as follows:

process were not addressed.

Accordingly, this study proposes an enhanced FEC !BolUB,, . PR, B, o M8, ;P IR By, o By, ny,1s
control scheme in which both the degree of FEC (1)

In this section, we review the background of MPEG
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Figure 1 presents a schematic illustration comparing the

original GOP frame sequence and the prioritized frame
‘ I |Boo|Bos| P1 |Bro Bis| Pa |Bao|Baz| Ps |Bso|Bas Soéggljgﬁ'ce sequence. As shown, th_e original GOP  pattern

N N 7 “IB ¢oBo1P1B10B11P>B20B21” IS re-organlzed as
y \ : L : IPlPZBOOBlOBZOBOlBllBZl"-
PO riory 2.2 Packet-level FEC
I ‘ P1| P2 | P3 |Boo|Bio|B2o|Bao|Bo1|Bu1|B21|Bai| sequence

In packet-level FEC, the systematic linear erasure
code f, K) is used to protect the video frames. Specifically,
the FEC encoder generatesn—k redundant packets for
the video frame, where is the actual number of packets
launched into the network. Each packet is assigned a
unique sequence number indicating its position within the
block. Using this information, the FEC decoder is readily
able to locate the positions of any lost packets with the
_ frame and to correct these losses accordingly. Since the

Fig. 2 Packet-level FEC scheme number of redundant packets in the frame is equatkop
whereNp is the number of P frames in the GOP &hd is the decoder can successfully reconstruct the frame
the number of B frames between successive | and P frameprovided that ank or more packets amongst the original
or successive P frames. In other words, the total number ofransport packets are received. In other words, the success
B frames in the GOP is equal ts=(1+Np)xNgp. For of the reconstruction process is guaranteed if the total
instance, the typical GOP pattern has the form number of corrupted packets does not exdeediven the
IBBPBBPBB, i.e. the GOP has a length of 9 frames. Thenumber of source video packeks the estimated packet
effective GOP transmission rate is given by loss rate Py, and the value o, the reconstruction
probabilityB can be computed as

B = ZHT ' h] x Pl x (1- Ppuk*“l} @

UEP FEC encoding Temporal scaling

Fig. 1 Frame priority arrangement.

bandwidth budget

— I ‘FEC‘ P ‘FEC‘ B ‘FEC‘ B ‘FEC‘ P ‘FEC B B —

dropped frame

G:L
1+ N, +Ng '
2)

where the encoding frame rate per secorig-as

Within the GOP, the video frames can be classified According o Eq. (4), the probabilities of successful

in terms of their type and their distance from the | frame. transmission for three frame types are obtained from
The loss of an | frame has a significant effect on the video _

quality of the entire GOP, and hence the | frame is Q =B(S *+S¢.S ’Ppkt)’

assigned the highest priority. The P fr.ames have a temporal Q- =B(S +S,,S., ppkl), (5)
dependency, and thus P frames which are closer to the | _

frame are assigned a higher priority than those located Qs =B(S + Sy 'SB’Ppkt)’

further from the | frame. Finally, the B frames are not used

as references by any of the other frames in the GOP, buivhere @;, Q-, andQ; are the probability of successful
cannot be dropped continuously since this will result in a transmission of an I, P, or B frame, respectivSlySe,
temporal quality degradation. Thus, the B frames areands; are the I, P, B frame size (in packe&);, $nr, and

selected evenly throughout the GOP in accordance withs,, are the number of FEC redundant packets for I, P, and
their distance from the reference | frame, and are assigne® frames.

a progressively reducing priority accordingly. That is, the

first B frame after the | frame is assigned the highest

priority, the first B frame after the first P frame is assigned 2.3 Optimal playable frame rate

the next highest priority, the first B frame after the second

P frame is assigned the next highest priority, and so on. As  To evaluate the video streaming performance, the
a result, the original GOP pattern shown in (1) is re- playable frame rate (PFR) can be used as a good measure
organized as follows: in the lossy network. The PFR is defined as the expected
number of decodable frames at the receiver within one
second, and can be calculated according to [8]:

IRP,[[[P By By [[B By [[[B B

0,Ngp—1 (B Np,Ngp-1-

3
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Q, -QN=1 or more packets are captured at the receiving end. In other
1+=F <P 4
1-0 ©6) words, the total number of corrupted packets must not
i - ) exceed if the block is to be successfully recovered. Based
N, xQ Qr —Qp" +Q, xQ\¥ on the loss distributions of the source and redundant
Ul 1-0, bR packets, Eq. (4) can be rewritten as

Eqg. (6) describes the PFR value when no video
frames are discarded. Within the transmission rate
constraint, the FEC scheme can consider the temporal B =2 ., h ,
scaling mechanism to discard the least important video z“ H jx Pr™x (1- P, )"

. . . . . m=j pkt pkt
frames prior to transmission. Figure 2 illustrates the m

packet-level FEC scheme under the bit rate budget i i o
constraint. Utilizing the prioritized sequence shown in Where the first term describes the probabilityj afource

Figure 1, the FEC scheme assigns a required number Opackets”being Iqst, while the second t(_erm describes the
redundant packets to the frames progressively, starting’roPability of f—j) redundant packets being lost.

from the frames at the head of the sequence and moving !N @ practical network systemPy, is usually
toward the frames at the tail of the sequence. When theeStimated as the ratio of the number of corrupted packets
allocated FEC bandwidth reaches the allowed bit budget!® the total number of transmitted packets. In order to
the temporal scaling approach discards the other remainin btain a reliable e_,-stlmate_ of the current network condmons,
frames in the sequence. Dendlg andNgp as the number he packets considered in the packet error ra_te calculatlo'n
of P frames and B frames, respectively, sent after temporaﬁhomd be of the same size. Let the average bit error rate in
scaling. Combined with the temporal scaling approach, theth® channel be denoted Bs The packet error rate can
FEC allocation problem to obtain an optimal PFR value then be obtained as

under the constraint of transmission rate becomes Pw=1-(1-R)", ©)

where 7 is the packet size in bits and Sx8. In adapting

R:GXQ| X

k ) )
xPl x(1-P, )< x
U e > (7 P ®)

h

Maximize: the packet size, the packet length is modified tand the
R= R((NPD Neo ), (S, Sr ,SBF),Pka)- segmentation factor is therefore given bign7.
subject ta . Accordingly, the packet error rate of the modified packet
) under the same channel conditions can be estimated as

Gx((& +S:)*+Neo x<SP+SPF)+JXS<T

Neo (S *Ser) Pi=1-(1-R)"" = 1-((1-R )} = 1-(1- B, ). (10)
0< Np, <N, 0< Ny, <N,
0<S,<S0<S,<S0<S,<S, Eq. (10) provides a simple method for computing the

packet error rate for packets of different sizes without a

where S is the packet size in bytes afdis the target priori knowledge of the current channel bit error rate. Note
transmission rate in bytes per second. More details abouthat in the proposed PSC mechanism, the source packet

the optimal packet-level FEC scheme can refer to [8]. size and the redundant packet size are adjusted
independently of one another, thereby optimizing the

bandwidth utilization. In accordance with Eq. (10), the
3. Joint FEC and packet size control scheme predicted packet error rates of the source packgtsand
redundant packets;E can be computed as follows:
This section describes the integrated packet-level
FEC / packet size control (FEC-PSC) scheme proposed inp = pfkst, P = pf= pfkstxff’ (11)
this study for wireless video transmissions. In the proposed eor €T P

approach, the optimal packet-level FEC scheme generates . .
redundant data in accordance with the current networkWherefs is the segmentation factor of the source packets

conditions, while the PSC mechanism adapts the packef’mdfr is the segmentation factor of the redundant packets.

size of both the video data and the redundant data in such és a result, the recovery probability of the FEC-PSC

way as to increase the video goodput. As a result, theSCheme can be expressed as

proposed scheme improves the bandwidth utilization (k]xpj x (1= P,.)" x
1 src sc

efficiency and thus enhances the FEC recovery i (12)
performance. =25 h :
For ak—packet block associated with video fraime ZLJX" K Jx Pr™x (1- Pfec)m}
the block can be completely reconstructed providedkhat m
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\ \ | |
| (=2 | FEC decoding (ST (=2 FEC decoding

[[] Video / FEC data [ ] Original header [7] Header overhead [[] Video / FEC data[_] Original header [] Header overhead

(a) (b)
Fig. 3 Packetization schemes for redundant data:
(a) Dependent packetization; (b) Independent packetization.

In the proposed FEC-PSC scheme, the PFR optimizationpresented to discuss the performance comparison between
process basically follows the steps introduced in Section 2 the conventional dependent packetization scheme and the
except that Eqg. (12) replaces Eq. (4) to calculate the targetproposed independent packetization scheme.

recovery probability defined in Eq. (5) for each video

framei. Let N; be the total number of transport packets 4.1 Scheme overview

associated with video frameand letH be the network
header size in bytes. The total bandwidth overhead of

FEC-encoded framicis therefore given by In general, video applications need some form of

packetization scheme to packetize the application data into
a series of packets for transport purposes. Typically, such
schemes can be categorized as eitbdependent or
independent. In dependent packetization schemes, each
The problem of determining the number of redundantyideo data item is fragmented into segments of a fixed
packets and the size of the transport packets associatefgngth, and a transmission packet is formed by attaching a
with video framei which together achieve the target transport control header to the front of the segment. This
reconstruction probabilityBirger Whilst simultaneously  approach is computationally straightforward, but results in
mlnllelng the bandwidth consumption can be formulated a dependency between adjacent packets. Consequently, the

C =N ,xH+hxS (13)

as follows: loss of one packet can corrupt all of the packets associated
MinimizeC, with the data item. In independent packetization schemes,
subject ta (14) each indeper_ldent packet enables_ resynchronization
B <B(k,P,) between the video decoder and the bitstream after errors
arget = 2\ Fpia /o have been detected. In other words, the decoder localizes
fr>fs>1 the errors within the bitstream to facilitate the error

It is noted that more than one solution may be obtained forconcealment capacity of video presentation at the receiving
Eq. (14). In this event, the FEC-PSC scheme chooses th&€nd.
result which involves the minimal number of transport The packetization schemes described above for
packets in order to minimize the end-to-end delay [17].  video data can also be applied to the redundant data added
to the bitstream by the FEC encoder. Figure 3(a) shows the
L dependent packetization of the FEC redundant data using
4. Independent packetization scheme for linear erasure code,(k)=(4,2) for illustration purposes. In
redundant data Figure 3, packets labeled “S” represents video source
packets while packets labeled “F” stands for FEC
In this section, we describe a novel packetization redundant packets. As shown, two redundant data items are
scheme to packetize the redundant data into independengenerated and are then fragmented into four segments,
redundant packets and therefore the data dependencyhere each segment is half the size of the original
between redundant packets can be minimized to facilitateredqundant item. Compared to the transport of the original
the FEC recovery. Then, the analytical results areredundant data item over the network, the transport of the

IJCSI
ww.lJCSl.or
Copyright (c) 2012 International Journal of Computer Science Issues. All Rights Reserved. W JCSl.org



IJCSI International Journal of Computer Science Issues, Vol. 9, Issue 5, No 2, September 2012
ISSN (Online): 1694-0814

www.lJCSl.org 151
11 way, each source packet consistskgk data segments
104 while each redundant packet contains one data segment
00l /7 » — only. At the receiving end, the FEC decoder performs the
% 0sl error correction process in the normal way using the}
g ~ erasure code. Figure 3(b) illustrates the proposed
§°'7‘ ‘ packetization scheme for RS coding parametersnpf (
g %% K)=(8, 4). As shown, two source packets are virtually
205 fragmented into four source segments, and these four
S 0.4 e T ey segments are then used to generate four redundant
03 —+— c=2/3(Dep) —*— c=2/3(Indep) segments of the same size. A transport control header is
02 i i i i i i i i added to each redundant segment, and the segments are
6 2 4 6 8 10 12 14 16 I8 then transmitted to the receiving end together with the

Segmentation factor (fr)

original source packets. Since FEC coding is performed at
Fig. 4 FEC recovery rate comparison for various values of the segrr_lent level, the receiving end must split the Sourc_e
segmentation factofr]. packets into segments and collect up to four segments in

order to successfully reconstruct the original data. As

11 shown in Figure 3(b), the independent redundant packets
can successfully recover the source data in the presence of
packet losses similar to Figure 3(a). As with the dependent

g
=)
!

2 packetization scheme, the independent packetization
2.l scheme incurs an increased header overhead. However, the
g data independency amongst the redundant packets
& improves the FEC correction capacity and therefore
g 087 facilitates error-resilient packet transport over error-prone
3 transmission channels.
m 0.74 —o— fr=2(Dep) —e— fr=2(Indep)
—~— fr=4(Dep) —v— fr=4(Indep) .
—+— fr=8(Dep) —=<— fr=8(Indep) 4.2 Recovery rate anaIyS|S
0.6 T T T T T T T T
0 8 16 24 32 40 48 56 64
Number of source packets (K) In this analysis, we use a fixed FEC-PSC scheme to
observe the results as the dependent and independent

Fig. 5 FEC recovery rate comparison for various numbers of source .. .
packets k). packetization schemes are applied to the redundant packets

individually. In the fixed FEC-PSC scheme, the FEC
two fragmented redundant packets requires an additionaFontrol parametersn( k) are assigned to the static values,
header. As a result, the total overhead incurred inand the packetization scheme segments the redundant
transmitting the redundant data is increased by two headerpackets according to a given segmentation fadtor
Furthermore, the loss of any transport packet results in alherefore, for a FEC block(k), the amount of redundant
decoding failure at the receiving end due to the packets used for network transmissionriskjxfr. Based
dependency between adjacent packets. Thus, theon Eq. (10), the error probability of the original redundant
dependent packetization scheme is not only wasteful of thepacket for the dependent packetization scheme can be
available bandwidth, but also leads to a poor FEC recoveryexpressed as
performance.
Accordingly, the present study proposes an independent|:>pkt =1- (- Pfec)", (15)
packetization scheme for the FEC redundant data to
facilitate a robust packet transmission performance and to

render the FEC decoding process resilient to transmissior\{vhere Prec IS the predicted error rate of the redundant

errors. In the proposed scheme, kheource packets are packets in Eg. (11). By calculatujg Eq. (15) in Eq. (8) f(.).r
rtually fragmented into seaments such that the total redundant packets, we can obtain the recovery probability
virtuaty g : gme u of a FEC block for the dependent packetization scheme.
number of source segments is increased tg=k). The

. On the other hand, Eq. (12) provides the FEC recovery
FEC encoder then utilizes the&e source segments 10 propapility for the independent packetization scheme.

encode 1f—k) redundant segments, where each segmentraple 1 presents the settings of system parameters in the
has the same size as the virtual source segmentanalysis.

Transmission packets are then formed by adding a

transport control header to each redundant segment. In this
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Bandwidth Bit errors Table 1: System settings
limit
) —7 L — Parameters Scenario 1 Scenario 2
Video Network
sender bridge Py 5x10° 5x10°
r 8000 8000
Fig. 6 Experimental set-up. K 12 8. 16,24, 32, 64
4/5, 314, 2/3 2/3
) . . fr 1,2,4,8,16 2,4,8
In the first analytical scenario, we set the number of
source packets to 12 and vary the number of redundant fs L L

packets to observe the performance comparison between
two packetizatoin schemes. Figure 4 shows the probabilitynetwork bridge transferred packets between the wired and
that the FEC block is successfully reconstructed for threewireless networks, and limited the input/output data flows
different cases and two different packetization schemes ato a specified channel transmission rate. At the video
the value of the segmentation factor is varied from 1 to 16.sender, the video output rate budget was determined by the
By defining the FEC coding rate,, ask/n, the three cases channel transmission rate. The wireless network used an
are: 1)c=4/5; 2)c=3/4; and 3x=2/3. From Figure 4, itcan 802.11b access point (AP) operating in a distributed
be seen that for three FEC coding rates: 1) the recoverngoordination function (DCF) mode to connect the video
probability dramatically increases as the value fof  receiver to the video sender. In performing the evaluation
increases from 1 to 4, and rises slowly as the valudéis of experiments, the video sender streamed thereéman”
exceeds 4; and 2) the independent packetization schemMPEG-4 sequence in CIF format to the video receiver at
achieves the higher recovery probability than that of thean average data rate of 800 kbps (corresponding to a frame
dependent packetization scheme when the valuésare rate of 25 frames per second) and with a GOP size of 9
set to 2 and 4, but the performance enhancement is noframes. The video receiver was arranged in clear line of
significant as the value df is 4. Figure 5 presents the sight (LoS) of the AP in order to ensure the channel quality
analytical results for another scenario. In this scenario, theand generated bit errors to cause packet losses. Bit error
FEC coding rate is fixed to 2/3, and we vary the number ofpatterns with an average bit error rate ranging frorhtb0
source packets to produce different block sizes. In Figure 5]0° and an average burst bit error length of 80 bits were
we first observe that for two packetization schemes, generated using a two-state Markov model. In accordance
increasing the segmentation level (i.e., the valudrpf  with the bit error pattern, a packet with a bit sizé_afas
leads the higher recovery probability. By comparing three dropped whenever one or more of thbits was corrupted.
different casesf(=2, 4, and 8 ) in Figure 5, we also Finally, the default packet size and the network header
observe that the independent packetization schemevere setto 1000 bytes and 40 bytes, respectively.
enhances the recovery performance as the valuisaoé In performing the experiments, the performance of
set to 2 and 4, and significantly improve the performancethe proposed FEC-PSC scheme was compared with that of
as the value ofr is 2. Forfr=2, the difference in the the optimal packet-level FEC scheme, in which the video
recovery probability between two packetization schemes isdata and FEC redundant data are both packetized using a
ranged from 0.05 to 0.11. It is noted that the performancedefault packet size. The performance of the two schemes
enhancement provided by the independent packetizatiorwas evaluated by measuring the bandwidth overhead at the
approach and the corresponding effectivecan vary video sender side, and the peak signal-to-noise ratio
according to the system parameter settings. To concluddPSNR) and playable frame rate (PFR) at the video
from Figure 4 and 5, the independent packetization schemdeceiver side. The bandwidth overhead was defined as the
is effective in increasing the error resilience capacity of total number of redundant packets and packet headers
redundant packet delivery to enhance the FEC recoveryassociated with each video frame. In calculating the PSNR
performance. and PFR, a frame was considered to be playable if the
entire frame was received correctly and all of the frames
upon which it depended were also playable. For those
5. Performanceresults frames which were not playable, the PSNR value was
) . ) computed using the nearest playable frame. For the FEC-
Figure 6 illustrates the experimental set-up used topsC scheme, the dependent packetization mechanism is
evaluate the performance of the proposed adaptive FECyppjied to source data in order to examine the performance

PSC scheme. As shown, the set-up consists of a vide@ffects on the proposed independent packetization
sender, a video receiver and a network bridge. The wiredmechanism for redundant data.

links in the set-up were connected via Fast Ethernet. The
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Fig. 9 PSNR comparison with varied bit error rate.
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Fig. 8 Overhead comparison curve of optimal packet-level FEC and ~ . . . ‘ .
optimal packet-level FEC with PSC for tHeorman’ sequence.

Bit error rate

In the first experimental scenario, the average bit Fig. 10 PFR comparison with varied bit error rate.
error rate, average burst bit error length, and target channel
transmission rate were specified as>180, and 1 Mbps,
respectively. Figure 7 compares the frame-by-frame PSNR 1000
results for the two schemes. In general, the results show
that the proposed FEC-PSC scheme yields both a higher 800 -
PSNR and a higher PFR than the optimal FEC scheme due
to its use of an adaptive packet size and an independent
packetization scheme for the redundant data packets.
Compared to the optimal FEC scheme, the FEC-PSC
scheme improves the average PSNR by around 7.2 dB and
the average PFR by approximately 7 frames per second 200
(fps). Figure 8 compares the overheads incurred by the two
schemes for the first experimental scenario. The results . .
show that for both FEC schemes, the peak overhead 10° 10° 10° 10° 10° 10*
coincides with the periodic insertion of the | frames since Bit error rate
the | frames generally contain the greatest number of
source data and redundant packets amongst all the frames
in the GOP. However, it is noted that the overhead
incurred by the FEC-PSC scheme is far lower than thatkilobytes for the proposed FEC-PSC scheme. The
incurred by the optimal FEC scheme with no PSC capacity.improved overhead performance of the proposed scheme is
From inspection, the total bandwidth overhead to be expected since, compared to the optimal FEC scheme,
accumulated over all the video frames is found to be 738it generates far fewer redundant data packets. In the FEC-
kilobytes for the optimal packet-level FEC scheme and 378PSC scheme, the available transmission rate budget can

O~ Optimal FEC —O— Optimal FEC with PSC

600 -

Overhead(kilobytes)

Fig. 11 Overhead comparison with varied bit error rate.
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accommodate more video frames to improve the PSNR " Optimal FEC —— Optimal FEC with PSC

and PFR performances. 36
In the second experimental scenario, the experiments 3l
were performed using various values of the bit error rate wl D/D/“—‘D S S A

and channel transmission rate, respectively. The remaining
experimental set-up was unchanged. In the first series of
experiments, the bit error rate was assigned in the range 10
10° to 10" and the channel transmission rate was specified
as 1 Mbps. Figures 9 ~ 11 show the results obtained by the
two compared schemes for the average PSNR, average
PFR, and average overhead, respectively. It is noted that 2r
for a bit error rate of 1§ all of the packets are lost in both
schemes, and thus no frames are available for measurement
purposes. Figures 9 and 10 show that the performance
improvement afforded by the proposed scheme is Fig. 12 PSNR comparison with varied transmission rate.
particularly significant as the bit error rate is increased
from 10° to 10% From inspection, the maximum PSNR
improvement obtained by the proposed scheme is equal to 27
8.7 db (at a bit error rate of T while the maximum PFR - o e e
improvement is equal to 14 fps (also at a bit error rate of D/D/D/’u
10?). Figure 11 shows that the bandwidth overhead of both 0T
schemes increases with an increasing bit error rate due to
the corresponding increase in the number of redundant
packets (in both schemes) and the reduction in the packet
size (in the FEC-PSC scheme). Due to the limited
transmission rate budget, the overhead incurred by the
optimal FEC scheme saturates at a bit error rate dfot0 ub o
more. By contrast, the overhead incurred by the FEC-PSC 9
scheme increases progressively as the bit error rate is 300.0k 9000k 1OM LiM 1oM 13V 14M 15M 16w
increased from 10to 10, and is consistently lower than Transmission rate(bps)
that incurred by the optimal scheme for all values of the bit
error rate other than annd 106_ From inspection, the Fig. 13 PFR comparison with varied transmission rate.
maximum improvement in the overhead cost is obtained at
a bit error rate of 1®and is found to be around 50%. - Optimal FEC —t— Optimal FEC with PSC
In the second series of experiments, the channel 1100
transmission rate was varied in the range 800 kbps to 1.6 1000 |
Mbps and the bit error rate was assigned a constant value 900
of 10°. Figure 12 compares the average PSNR results for
the two schemes. It is seen that the FEC-PSC scheme
achieves a higher PSNR than the optimal FEC scheme for
all values of the channel transmission rate up to 1.5 Mbps.
In addition, the proposed scheme achieves a constant
PSNR of 33.3 dB for all values of the transmission bit rate ool
greater than 1 Mbps. By contrast, for the optimal FEC e
scheme, the PSNR increases progressively with an wr..
increasing transmission bit rate due to the corresponding 800.0k 900.0k 1.0M  L1M 1.2M 13M 14M 15M  L16M
increase in the bit rate budget available for the FEC Transmission rate(bps)
redundant packets. The PSNR of the optimal FEC scheme
saturates at a value of 33.3 dB for all values of the channel
transmission rate greater than 1.5 Mbps. Although both
schemes achieve a maximum PSNR of 33.3 dB, theachieved by the FEC-PSC scheme is beneficial to service
proposed FEC-PSC scheme saturates at a transmission rgpeoviders in increasing the service capacity. The PSNR
of 1 Mbps, whereas the optimal FEC scheme saturates at anprovement afforded by the FEC-PSC scheme is
bit rate of 1.5 Mbps. The budget saving of 500 kbps particularly significant at lower transmission rates. For

30

28

26

Average PSNR(dB)

24t

20 L L L L L L L L L
800.0k 900.0k 1.0M 1.1M 12M 13M 14M 15M 1.6M
Transmission rate(bps)

»- Optimal FEC —O— Optimal FEC with PSC

21

19+

17

15+

13

Average playable frame rate(fps)

800 -
700

600f

Overhead(kilobytes)

500

Fig. 14 Overhead comparison with varied transmission rate.
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example, at a transmission bit rate of 800 kbps, the averagés] Yufeng Shan, “Cross-layer techniques for adaptive video
PSNR of the proposed scheme is around 10.48 dB higher streaming over wireless networksEURASP Journal on
than that of the conventional scheme. Applied Signal Processing, vol. 2, pp.220-228, 2005. _
Figure 13 presents the average PFR results for them Park K. _and Wa_ng W., “QoS-sensmve transport of real-time
two schemes. It is observed that the FEC-PSC scheme MPEG video using adaptive redundancy contraldmputer
. . . Communications, vol. 24, pp. 78-92, Jan. 2001.
achieves a higher PFR than the optimal FEC scheme at ajlg) py,ahui Wu, Mark Claypool, and Robert Kinicki, “Adjusting
values of the transmission bit rate. As with the PSNR " " Eorward Error Correction with Temporal Scaling for TCP-
results, the PFR performance improvement obtained by the Friendly Streaming MPEG,” ACM Transactions on
FEC-PSC scheme is particularly significant at lower values  Multimedia Computing, Communications, and Applications
of the transmission bit rate. In addition, it is observed that (TOMCCAP), Vol. 1, No. 4, Nov. 2005.
the optimal FEC scheme fails to achieve full motion [9] Borgonovo F., and Capone A., “Efficiency of error-control
presentation (i.e. 25 fps) even under the highest considered Schemes for real-ime wireless applications on the Gilbert
transmission bit rate of 1.6 Mbps. Figure 14 shows that the gﬁa?nel, 'fEE T;irésa;:ggni on \gh(u);ular Technology, Vol.
o_ver.h.ead incqrred by the optimal FEC.: S.chemle increase%lo] \’(.Si(uuean: pEISO.' F. Eockl’:)u{rir?,. T. Sikora, and M. Mandal,
significantly with an increasing transmission bit rate. By * gfiicient allocation of packet-level forward error correction
contrast, that incurred by the FEC-PSC scheme has a Iow in video streaming over the Internefidurnal of Electronic
and stable value at all values of the transmission bit rate. Imaging, Jun. 2007.
Overall, Figures 12 ~ 14 show that the proposed FEC-PS(11] B. Girod and N. Farber, “Wireless video,” ©ompressed
scheme can better adapt to various transmission rates Video Over Networks. New York: Marcel Dekker, 2001.
thanl_<s to the controlled bandwidth ov_erhead and theref_ore[lz] S. Ci, H. Sharif, “Improving goodput in IEEE802.11
provides a constant perceptual quality of the streaming wireless LANS by using variable size and variable rate(VSVR)
video at the receiving end. schemes,"Wireless Communications & Mobile Computing,
Vol. 5, Issue: 3, pp. 329-342, 2005.
[13] S. Choudhury, J. D. Gibson, “Payload Length and Rate
6. Conclusions Adaptation for Multimedia Communications in Wireless
LANs,” IEEE Journal on Selected Areas in Communications,
This study has proposed a joint packet-level FEC / Vol .25, Issue: 4, pp. 796-807, May 2007.
packet size control scheme to improve the efficiency of [14] smadi M.N., and Szabados B., “Error Recovery Service for
FEC for wireless video transmissions. In the proposed the IEEE 802.11B Protocol,” EEE Transaction on
scheme, the number of redundant packets and the size of Instrumentation and Measurement, Vol. 55, No. 4, pp. 1377—
the transport packets are adjusted adaptively in such a way 1382, August 2006.
as to maximize the goodput at the receiving end whilst[15] Baek-Young Choi, Sejun Song, Yue Wang and Eun Kyo
simultaneously minimizing the bandwidth consumption. ig;krb ;g}s'”go Rl\-l;l-ll;|ti\r/'naer(ljai§IIIt)lgefl?\:eI’CdaiFl’)‘ltlve;-lecth?OS;éll’_]?(/JeurS
The experimental results have shown that the proposed . . M
scheme achieves a better perceptual quality than the Networks,"|EEE Transaction on Multimedia, Vol. 11, No. 6,

. . . . . 1194-1203, October 2009. [5
optimal packet-level FEC scheme in which the packet S|ze[16?pChen_Wei Lee, Chu-Sing [Y]ang and Yih-Ching Su

is fixed, thanks to a lower overhead cost. “Adaptive UEP and Packet Size Assignment for Scalable
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