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ABSTRACT responding to lower frame-rate/resolution/quality of tiskeo

In this paper, we extend our proposed FGA-FEC coding scheflf ,embed(_jed in b_itstrea_ms correspor_lding to higher frame-
a generalized MD-FEC method, to wireless networks. To pro[ate/resolut|0n/quallty. Different sub-bitstreams camnex-

tect the encoded scalable video bitstream over a lossy elhanrjfraCted lnda simple .manr]:er without t,r;‘”‘?‘COdr']”Q’ t% read|I>;
and facilitate content adaptation at intermediate nodesjse accommodate a variety of users considering their video pre

product codes based on BCH/CRC codes as row codes aﬁ%ences and connection bandwidth. Therefore, to protatt sc
e video for diverse users over error-prone channels, we

RS codes as column codes. We give a fast algorithm to optﬁhI d id N th ) h but also th
mize the product codes within several iterations from a neay '04'¢ consider not only the protection scheme, but aiso the

optimal point. Simulations show good performance in bot easibility of bitstream and error-control code adaptatitn
content adaptation and protection this paper, we generalize the FGA-FEC scheme [1] for both

_ protection and adaptation of this kind of highly scalable bi
Index Terms— Scalable, contentadaptation, source chanstream over wireless networks. We attempt to show that FGA-

nel coding, wireless FEC plus our scalable coder MC-EZBC fits in such scenar-
ios and successfully generalizes them to spatial, temparal
1. INTRODUCTION SNR scalability for heterogeneous video delivery over wire

less networks.
Simultaneously streaming video to heterogeneous dewices i In Section 2, we describe the details of our method. Sim-
a challenging problem, since different users may have difulated and experimental results are given in Section 3.
ferent video frame-rate, resolution, and quality prefee=
as well as computational and connection-link capabilitias
[1], we proposed a fine grain adaptive forward-error correc-
tion (FGA-FEC) coding scheme for scalable video streaming2
that can achieve efficient and precise adaptation of the en-
coded bitstream (adapting both the video and the error con-

2. FGA-FEC OVER WIRELESS CHANNEL

1. FGA-FEC encoding

1 1 Ry o R Ryt Ry

trol code.s) to gatlsfy hgterogeneous users without complex: o : v ' Enlarged view of Section §:
transcoding at intermediate overlay nodes. ‘ssﬁl \S - . = o S---lN\ I e e 00 I - e e =
For fading channels, product channel coding [2] is proved[sm s — [S1] [0 ] pescapuons L - [ s
5~ : [FEC[S:2) [ .. [Si@ ] .. [ Sw(2)] Description2 [B ][Bw ] 8i(2)
to be an efficient error protection method for scalable end- S5 =561 5.0 ouemer: £ (B0l L] ~ L] 50)

to-end image transmission. Within packets, product codes -~ -~ = - e -
FEC [ FEC | .. [S] .. [ Sw@) ] Descriptioni Si0)

5
8
use t_he concatenation of a rate compatiblg punctgred cod FEC | PEC | TFEC | [ ecipionits £
volutional code (RCPC) and an error detecting cyclic redun- L
[ FEC [ FEC | .. [FEC | .. [SWN)] DescriptionN
dancy check (CRC) code as the row code. Across packets,

ES cgdes alrg lusgd as cplumn ZOdeS' dSatﬁg [hs] _intro- Fig. 1. FGA-FEC encoding of one GOP. Here, FEC is added
uced a multiple-description product code which aims at OIO\'/ertically at block level and each horizontal row of blocks i

tlmally gleneratlng multiple, equally-important waveletdge packetized into one network packet.
descriptions.

None of the papers consider the simultaneous adaptation

. . . Our FGA-FEC encoding method (Fig. 1) extends MD-
of product codes and image or video data for multiple hetz . - . .
. . . FEC [4] by adding scalability (adaptation) features. Gigen
erogeneous users. Compared to image coding, scalable vid

. ) ) OP of scalable-coded video bitstream organized from MSB
has more degrees of adaptation, and the users requwemeg

are also more diverse. A scalable video bitstream has three 0) 1o LSB (RN)’. shown -at the top_m_ Fig. 1, suppose we
. o . Want to encode this GOP int¥ descriptions, we first run an
basic types of scalability: temporal (frame-rate), spdtiss-

. ’ - . optimal bit allocation scheme and divide the bitstream into
olution), and SNR (quality) scalability. Bitstream sulssedr- N sectionsS;, (i € [1, N]), marked with source-rate break

This work is supported by ARO grant W911NF-04-1-0300, 2004. points Ry, Ry, Ra, ..., Ry, whereRy < Ry < Ry < ... <




Ry andRy = 0. SectionS; (i € [1, N]) is further split into GivenaBCH , &, t) codeword, number of bit errors larger
equal size subsections with each subsectiblocks. These thant in the codeword cannot be corrected, the probability of
subsections are encoded by an RS{) code vertically at decoding error is
block level to generate parity blocks. Since each block col-

umn is independently coded, at intermediate node, we can _ = n j n—j

adapt the bitstream by easily removing related columnseind/ Ppon(E) = Z ( ' )pb(l —p)", 2)

. - . j=t+1
dropping descriptions [1, 5], both source data and parity; bi ’
to satisfy diverse users. wherepy is the channel bit-error rate. Decoding failures
in the row codes are treated as erasures when decoding the
R, 1 Raa Ry . -

TR“S ; R% S ﬂ‘{,’ . column RS codes. Givep,, and the probability of a packet
Sl wm2 o wemi o smn — being dropped due to congestion/route disruptignis,, the
e Ts0 T 50 50 ] s probability of a packet erasugeafter BCH decoding is ap-

I mC] - (5O -~ [50)] b proximately:

g [[FEC [ FEC | [ S0 [ Su() | Descriptioni  [GRG :z:

§|[FECTFEC | .. [ FEC| .. [SGrD)] vescrpionis

g Peseptoni=t . P = Pdrop + (1 — pdrop) X Peong (E) (3)
[FEC [FEC [ .. [FEC | .. [S!N)]DescriptionN

After assigning a BCH code and a CRC code, the avail-
Fig. 2. Generalized FGA-FEC with product codes able bandwidth for RS codes and video data becoies
Rore — Rpon- We need to optimize the assignment of col-
For a wireless network, after FGA-FEC encoding, we fur-umn RS codes under this rate constraint. The goal is to find
ther encode each description using a BCH code with CR@he bitrate partitionR = {R1, Ro, ..., Ry} in Fig. 2, which
error detection to protect it from bit errors as shown at Figminimizes the end-to-end mean distorti&hD(R)], and the
2. We choose systematic BCH over RCPC based on its singorresponding PSNR ~ dB. Please note that at every adap-
plicity in decoding/encoding, as needed for intermedia@en tation level, we need to use differePt R) curves for the RS
adaptation. FGA-FEC can encode and adapt the product codexde optimization, an example is shown at Fig. 3.
based on both channel conditions and user video preference,
as well as user predefined adaptation order. Hetaptation ° =+ Fullame rateful resoluton
order is the user’s chosen order to adapt quality, frame rate e
and resolution, as needed. A user can chose to adapt down-
ward the three factors in any particular order.
Suppose a user’s video preference is to view a video at
L temporal layerL spatial layer and PSNR +’ dB, and
the user's minimum tolerable bitstream is &at,,;,, tempo-
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ral layer, L i, Spatial layer and PSNR ~ dB, " > . B0 a0 0 g o070 a0 1000 100
Therefore, the user’s video request ranges ffdm, L, '}
t0 { Lt min, Ls min, 7}. Along the user’s adaptation order, the Fig. 3. D(R) curves at various adaptation levels.

server or intermediate nodes need to find the best possible
video for this user within its requested bitstream rangesin r Optimal column code assignment at a certain given BCH
sponse to available bandwidth. code and CRC code is a constrained optimization problem
The product code optimization problem is to find a con-and can be solved by using Lagrange multiplier method [4, 5].
catenated column RS code assignmgrénd row BCH code  Then, the optimal product code could be achieved by exhaus-
assignment;, from a set of RS code§'rs and BCH codes tively searching over all possible BCH codes along the adap-
Cpcu, such that the end-to-end distortion is minimized andation order. At a certain adaptation level, assign BCH ¢ode
the corresponding PSNR~ dB. updateR, + Rrs = B — Rcrc — Rpon, optimize RS code
(this is called one iteration), until exhaust all possibleHB
codes. We propose a fast search algorithm which can find the
product code assignment within several iterations.

Ce, Cr = argmin  E[D|Cgrs,Cpcu,Ccrcl), (1)

cc€CRrs, cr€CBcH
subject to:
Rs + Rrs + Rcre + Rpcn < B, 2.2. Fast BCH code optimization

whereCcrc is the CRC code sef; is the source ratéf rs From (3), we know that BCH decoding error contributes to
is the rate allocated to RS parity bits, aRd rc (Rcyg) are  packetloss probability. At a certain BER, stronger codelediou
the rates allocated to CRC (BCH) check bits. H&telenotes result in a lower probability of decoding error, thus reduce
the maximum available channel bitrate. We will use a fixedthe probability of packet erasure. Also allocating moretan
32 bit CRC code in this paper, hende&; ¢ is a constant. width to BCH code would result in less bandwidth allocated



to source and RS code, hence higher distortion. Thereforeptimal point. Simulations show that = 0.999 is a good

we can find the optimal point by leveraging the two factors. starting point. Experiments show that good convergence is
We tested via exhaustive search over vidememan (CIF,  obtained with just three to five iterations on average. Féamu

18 GOPs)Mohile (SIF, 8 GOPs) anéfootball (SIF, 7 GOPs) (2) used in Fig. 4(a) can be stored in a small table. Algorithm

at various BER, available bandwidth, and number of descript summaries our product code optimization method.

tions. Fig. 4 shows an example in one of these tests. The task

is to protect an MC-EZBC encoddereman CIF sequence,

Algorithm 1: Product code assignment optimization

GOP #7. HereN = 64, B = 980Kbps, p4rop = 0.05, 1 Pick start point, such thatPz oy (C) > ;
pp=2x10731x107%5x 10"* andl x 10~*, respec- 2 Assign BCH(n,k,t) code;
tively. Fig. 4(a) shows the probability of successfully dde 3 Calculatep as (3);
ing these BCHY, &, t) codes at given BERs. Fig. 4(b) shows 4  Optimize RS codes— 1,¢,t + 1, calculate
the zoomed corresponding optimized PSNR vs.Table 1 E[D];_1, E[D);, andE[D]; 4 1;
shows the optimization results of this test. 5 If E[D]; <min(E[D);_1, E[D]s41), go to Step 9;
) 6 If E[D]t—1 < min(E[D]:, E[D]t+1), search
lowert, go to Step 8;
o P 7 If E[D)i+1 < min(E[D],_1, E[D];), search higher;
0ss L 8 lterate ont a few steps;

9 If PSNR> ~, solution found Stop, otherwise, move
down one adaptation level following user adaptation order.
If adaptation level exhaustesitop, no video is sent.
Otherwise, go to Step 4;

—*~ BER 2x107°
-6~ BER 1x107
=% BER 5x10°*
9~ BER1x10™*
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tin BCH(n k.Y
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While full Lagrange-based optimization is performed at
the server, only FGA-FEC adaptation [1, 5] consisting ofsho
ening and/or dropping packets is done at intermediate nodes

Fig. 4. (a) probability of successful BCH(k, t) decoding at
various channel BER vs; (b) Average PSNR of video vs.

| BER [E[DI(PSNR)[ BCH(. k1) | 3. SIMULATIONS AND EXPERIMENTS
0 39.63 none
1x107% 39.59 BCH(8191,8125,5) We performed simulations and experiments using test segsen
5x 1074 39.54 BCH(8191,8034,12 Foreman CIF, 288 framesfootball SIF, 112 frames anilo-
1x1073 39.49 BCH(8191,7956,18 bile SIF, 128 frames. All sequences are at 30 fps, 16 frames/GOP.
2x 1073 39.40 BCH(8191,7800,30 The scalable source coder is MC-EZBC. BCH codes are ap-

plied to both MD-FEC and FGA-FEC. We present averages

i _ ) over at least ten runs.
Table 1. The results of optimal assignment at different BER

Our key observation is that the points near the knee of Fig3-1. FGA-FEC vs. MD-FEC in SNR adaptation

4(a) are near optimal points in Fig. 4(b). Therefore we can, compare FGA-FEC vs. MD-FEC in wireless network [3]

pick up a s_tartmg p0|_nt _fror_n these kneg points and IocaIIy_ to adapt to different bandwidth, by sending the encdeed-
search to find the optimization result. Since the expected di . " . .

. . . ) man sequence to the receiver with bandwidth ranging from
tortion E[D] curve is concave around the optimal point, we — .
can fist test three point¢ — 1,¢, ¢t + 1), find the search direc 200 Kbps to 1000 Kbps as shown in Fig. 5, where nodel is

P ' ' the sender, node2 is an intermediate node that can perférm bi

tion of t. After that, we progressively allocate bandwidth to stream adaptation (detailed adaptation algorithm is 68

BCH codes along the search direction, and then optimize thI§CH decoding/re-coding, and node3 is the receiver. The BER

column R_S code_s at each BCH code assignment, until find trbeetween node2 and node3 are set t0 10—, pgyop — 0.05
best possible point.

We use a threshold method to choose the starting poin?.t node2. There is no congestion between nodel and node2.

We pick a value of the threshotd and test the probability of l= l= l=

correctly decoding a BCHI(, &, t) code,Pgcr (C), at a cer-
tain BER withe, wherePgcr(C) = 1 — Ppeou(E). The _ Intermadiate :
smallest point with Pgc (C) > ¢ is the initial point. Obvi- Video sender node Receiver
ously, different threshole corresponds to different optimiza-

tion performance in terms of number of iterations to reagn th ~ Fig. 5. The topology of simulations and experiments



We first encode each GOP Béreman to 64 descriptions MD-FEC only drops packets in this very bad condition, even
With parop = 0.1, p, = 1 x 1074, B = 1 Mbps and then send the video base layer cannot go through the channel so that no
over the channel. Fig. 6 shows the observed video qualityideo is decoded for the last two GOPs.

(PSNR) at different available bandwidths. Clearly, FGAGFE

has much better performance in response to channel cond
tion. This is because MD-FEC responds to limited bandwidth
between nodes 2 and 3 by only dropping packets, hence sornrg
useless data is sent within remaining packets, becausatbey ;7(25
not matched to the lower bitrate. On the other hand, FGA-QZO
FEC adaptation is performed actively by both packet short-

PSNR-Y (dB)

. . R . —— MD-FEC 15} = MD-FES
ening and packet drop, and so avoid transmission of useles
date, thus saving bandwidth for useful data and hence has be. P Pramelime 7 2 Prane e
ter adaptation performance. (a) Frame rate (b) Resolution
) Fig. 8. Adaptation to different network conditions by frame

rate and resolution.
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4. CONCLUSION

N
il

In this paper, we generalize FGA-FEC for embedded video
I el anduian o bitstream protection and content adaptation over wirelkas-
nels and propose a fast search algorithm to assign the dptima
Fig. 6. FGA-FEC vs. MD-FEC SNR adaptation to different product codes. Simulations show the efficiency for simulta-
available bandwidth from 200 Kbps to 1 Mbps neous content protection and adaptation.
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