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FEC Performance in Multimedia Streaming

Pascal Frossard

Abstract—in this letter, the performance of packet-level every block ofk videdt packets are followed by — k) FEC
media—independent forward error correction (EEC) schemes packets to form az-packet FEC block. If at least out of n
are computed in terms of both packet loss ratio and average n,ckets are correctly received, the underlying video information

burst length of multimedia data after error recovery. The set of .
equations leading to the analytical formulation of both parameters can be correctly decoded. Otherwise, none of the lost packets

are first given for a renewal error process. Finally, the FEC Can be recovered by the receiver. '
performance parameters are computed for a Gilbert-model loss  Let us assume that the loss process can be modeled with a re-

process and compared to various experimental data. newal error process. In other words, the lengths of consecutive
Index Terms—ABL, forward-error correction, Gilbert model,  inter-error intervals (also called gaps) are assumed to be inde-
multimedia streaming, PLR. pendently and identically distributed. For the sake of clarity as-

sume any packet is assigned a binary value 0 or 1 corresponding
to correctly received and lost packets respectively.

Following the development of [3], let(<) denote the proba-
ORWARD-ERROR correction (FEC) techniques are thigility that a gap length is — 1, i.e.,p(i) = Pr(0°~'1|1), where
preferred error-control schemes for multicast or interactive—! is a shorthand foi — 1 successive 0’s. Similarly, le?(<)

streaming applications. In this case, packet-level FEC schengesiote the probability that at least 1 0’s follow a given error,

[1], [2] provide an efficient way to fight against losses, althoughe., P(i) = Pr(0°~1[1).

the perfect recovery cannot be guaranteed. Order is irrelevant because of the independence among gap
Several studies have been performed to compute the FEClefgths of a renewal process. The event§i1! and 0°—'1

ficiency or the probability for data to be recovered in case afre therefore equiprobable. From this property, the probability

loss [3]-[5]. However, this parameter does not bring enough iR(m, ») thatm — 1 errors occur in the next— 1 bits following

formation about the loss process in multimedia streaming apgia error can be easily computed by recurrence [3]. Thus,

cations, and more particularly for video and audio streams. To

I. INTRODUCTION

correctly model the video quality, for example, at least two pa- P(n), form =1landn > 1
rameters, namely the packet loss ratjo(i.e., the proportion of n—m+1

lost packets) and the average burst lengthshall be computed R(m, n) = Z p()R(m — 1, n —1), (1)
[6]. The aim of this paper is to compute these two parameters im1

in the case of a renewal error process. The FEC efficiency de- for2 < m < n.

pends on both the network performance and the media-indepen- -

dent FEC parametefsandn. Similarly, we denote:(mn, »n) the probability thatn — 1 er-

The paper is organized as follows: Section Il presents a brieis occur in the: — 1 bits between two errors. It can also be
overview of FEC error-control and develops the set of equatiopemputed by recurrence as
needed to compute, and«,,. Both parameters are then com-

puted in Section Il for a Gilbert-model loss process. The an- p(n), form =1andn > 1
alytical values are validated against experimental data. Finally, n—m+1
concluding remarks are given in Section IV. rim,n) =9 > pli)yr(m—1,n—1), 2)
=1
[l. LoSSPROCESSAFTER FEC RECOVERY for2 <m < n.

Recall that common FEC schemes based on Reed-Solomopinally, let7(m, n) represent the probability that—1 errors

codes or X-OR functions can generally correctas many losseg@gur in then, — 1 following an error and preceding a O:
the number of redundancy packetsniedia-independent FEC

7(m, n) = R(m, n) — r(m, n). 3)

Let moreover define the probability(i) that a burst is of
length: — 1 and the probability)(7) that at least — 1 1's follow
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in the nextn — 1 bits following a 0. This probability is obtained packet of the next FEC block is, respectively, erased or not (be-

by recurrence from fore FEC recovery). These probabilities can be written as
Q(n), form=1andn >1 n—k
—m+1 Tn—k = Z ri+Ln—k+1)
S(?’TL7 7’L) = n—m ’ b Ln_2k+1J
Z g()Stm -1, n —4)for2 <m < n. .
i=1 _ B n .
(4) Tk = Z i+ 1, n—Fk+1).
[n—2k+1]

The video packet loss rate after FEC recovery is now easy . j _j .
to compute. Two cases are considered with respect to the s@ilarly 75, and7;, _,, denote the probability that the last
of the last video packet of a FEC block. Its loss or its presentiél€0 packet (i.e., the packe) of the first FEC block is lost

directly drives the loss process into the next FEC block. By tff'd the first video packet of the second block is respectively
renewal process properties, could thus be computed as erased or not (before FEC recovery). Itis assumed that all video
packets between packetandk are lost. These probabilities are

k n—k expressed as
m . . .
=g 2 iR(i, k) o %l_l RGi+1Ln—Fk+1) L i
) 1 = el = ri+1l,n—k+1) Z S(z+1,5-1)
-7 . . . =0 =0
+ . (k—14)S(i, k) Z SG+1,n—k+1) | = i3
= =0 o= i+t Ln—k+1) > S@+1,j-1).
(5) =0 =0
where the notationz| represents the positive part efand Finally, the average length of a burst of lost video packets
represents the global packet loss ratio. starting on theith video packet of a FEC block is given by
The average video burst length after FEC recovery,can 00
also be computed from the previous development. Since bursts L;= Z zp(1)l—T—1)\j(z) (7
of errors do not have the same probability to start on any packet —0

of the FEC block, each position has first to be considered se
rately. The probability for a burst to start on tlith packet of a
FEC block (i.e.,1 < 5 < n)is given by

[\)Naﬁere)\j(l) is the probability to have a video packet burst of
lengthl starting atj. The conditional probability (1) for bursts
starting with the first video packet of the FEC block (ie= 1)

( n—l _ can be written as
m(P(2) + p(1)Ry.) Z R(i+1,n), ifj=1 ( 7(P(2) + p(1)R,,)
i=n—k P (Tn—kRn + Fn—k)Tn—kT;
1
P = Ti kfnij:—f—z?Q (6) it v=n
=0 =0 (D) = G )-]i;p( MHn) P(2)
[ RG+1,n—j+1)rP2), if 5> 1 e
whereR,, is the probability that all packets in a FEC block are -ZS(i +1,n—v)rp_it, otherwise.
recovered given that the first packet is missing. It can be written \ i=0
as For2 < j < k, A; can be written as
n—k—1
R,= Y R(i+1n) Al = s
= _ (1) S Sl i—1p(1)S(i+1, n—v),
The average length of bursts of lost video packets, ex- P PO —
cludes redundancy packets. Let fitStdenote the number of ifl+j—-1<k,
FEC blocks transitions along the burst of length mp(1) (1 Rot7 ) if v=kandT =0
l+ ‘ ) Pj n—k*'n n—k/»
j—
T=A1 — . :
oot < k ) wz;)(}) (Fpe i R+ Tnt ) _ra b T, if =k andT #0
Let v denote the position in a FEC block of the first video ’ b2
packet following a burst of length Wp(l)p(l)ZS(i—i—l n_v)Tj T LLT=1 otherwise
P' I n—Kk n—k I
{k, if(l+75—1)modk=0 L =0
"T ¢ +j- 1) mod &, otherwise. Finally, o, is given from (6) and (7) by

k k
Moreover, letr,,_; and7,,_; denote the probability to loose Qy = <ZPJ'LJ'>/ZPJ' (8)
all the video packets of a FEC block and that the first video =1 -
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Fig. 1. Evolution ofr, versus the number of video packétin a FEC block

of lengthn = 20 in a Gilbert-model loss process. Fig. 2

lll. FECIN A GILBERT-MODEL LOSSPROCESS
Assume now that the channel loss process can be charaqnp
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Evolution ofa, versus the number of video packétin a FEC block

of lengthn = 20 in a Gilbert-model loss process.

IV. CONCLUSIONS

this letter the performance of a media-independent FEC

terized by the Gilbert model [7]-[10]. The Gilbert model is &cheme for video streaming applications is analyzed. Both
two-state Markovian model [11] with geometrically distributeghe packet loss ratio and average burst length as perceived by
residence times. States 0 and 1 correspond respectively tot{e multimedia application are computed for a Gilbert-model

correct reception or the loss of a packet. The transition fategygg

process. Experimental simulations validate the analytical

andq between the states control the lengths of the error bursasuits. Our main results can be used to compute the optimal
For a Gilbert loss process the following relations hold:  FEC parameterk andn for a given packet loss process as seen

(0) 1—gq, ifi=1 by the network. Clearly, the results in this paper hold for any
ple) = ) . i ; ; ion i i
g(1— p)i~2p, otherwise type of multimedia data for which FEC protection is suitable.
) 1, ifi=1
P(L) = i—2 h 7
q(1—p)'~—*, otherwise REFERENCES
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The probabilitiesR(m, n), r(m, n), F(m, n) andS(m, n) B
can be computed by recurrence from (1)—(4) respectively. The4]
video packet loss ratio and average burst length are then com[-5
puted from (5) and (8), respectively.

Figs. 1 and 2 represent the evolution of the video loss param-
etersr,, anday, for different network loss patterns. The analyt- (6]
ical values perfectly fit the experimental data. Moreowgrob-
viously increases witlk as the amount of protection decreases [7]
for a givenn. FEC protection becomes also less efficient for
bursty loss traffic (i.e., larger values) for a givenr. Moreover (8]
the average length of lost video packets clearly exhibits a max-
imum. This can be explained as follows. When the amount of
protection is very largev, stays close té&. When the amount (9]
of protection decreases, the video loss pattern get closer to the
channel loss pattern. In between there is a maximum which g0l
less pronounced for bursty process. These behaviors still hotgl]
for different FEC block lengths.
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