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Abstract— The real-time transport of multi-media over IP faces Quality impairments to the A/V services reaching the end
issues, such as packet drops and jitter, that might generateevere yser, commonly observed in such topology, comprise: the cor
impairments in the content being decoded at the reception. kan- network is usually high speed, high capacity and robust, but
nel coding is the most effective measure for overcoming thes th twork ¢ d to it has | it ! d
issues, since the latency imposed by retransmission protas is _e access networ ConneC? 0 _' as lower capacity a_n
not desirable. There are channel coding schemes specified inMight become overloaded with voice and broadband traffic
recommendations and standards, widely adopted by equipmén and discard packets carrying IPTV content. Jitter migho als
vendors today. Among these, Fountain Codes present attrage  pe present in this hop. Furthermore, the last mile DSL dircui
characteristics for such applications. feeding the end customer set-top-box, suffers more oftam fr

This article proposes an unequal protection scheme for Tras- d dati hich al t ket d
port Streams over RTP/UDP/IP employing Fountain codes and egradation, which also generates packet drops.

presents comparative results of simulations performed wh these In order to quickly detect such problems, as indicated in
and other channel coding schemes commonly adopted today.  Fig. 1, particular points in the network can be continuously
Keywords— Channel coding, Fountain Codes, Reed-Solomon, monitored, as indicated in the figure. The set of measuresnent
MPEG Transport Streams, User Datagram Protocol, Internet that can be employed include Transport Stream Measurements
Protocol. according to [5] and objective video quality measurements
such as presented in [14].

I. INTRODUCTION

There is a growing demand for the transport of vic
over IP today. Distribution of multi-media content over 1 ‘
Internet, contribution links inside traditional broadias’
networks or standard and high definition contents tranep ol

in IPTV networks are a few examples. <

IP networks, which can be modeled &acket Erasure Nationgl HUB Local Head-End T
Networks(PEC), were not originally designed for the transg \ [P Jiterfpacket loss Monitofing
of real time multi-media. The main challenge is to overcc ‘ TratportStream Monforg |
service-affecting issues, which result from latency, g
drops and jitter, while aiming to optimize the availablewatk
bandwidth. Fig. 1. Typical IPTV architecture

The scenario presented in Fig. 1 illustrates a typical
topology of an IPTV network. This scenario encompassessome standards defined recently aim protection of profes-
the most important concepts and evaluation mechanisrggnal video over IP. The RFC given in [11] specifies an
employed in the simulations which will be discussed. RTP payload format for the transport of data protected with

erasure protection codes. This RFC does not define channel

In general, such network includes three main locatiorgding parameters, but it cites Reed-Solomon and Hamming
types: a Main Hub, multiple Remote Head-ends and DSLAMs optional schemes.
facilities. The Main Hub receives contribution feeds, most The Code of Practice [3] is widely adopted by equipment
over satellite, that will be re-multiplexed at Transponte®m vendors today. It makes use of the payload format specified
level, encapsulated over IP and transmitted to Remote Heagl{11] and moreover, it specifies how the input string has
Ends over a core network. In these locations, regional cdntgo be arranged with respect to dimension and interleaving of
is added and the end program is transmitted to DSLAMe input block. It also defines an optional second dimension
facilities over a limited capacity access network. Finale for the channel coding scheme in order to cover a wider
IPTV streams are multiplexed with other services such gariety of erasure patterns. The first interleaved dimengo
broadband access and voice, for distribution to the end usg@eant to cope with bursts of packet erasures while the second
i.e., over DSL lines. dimension to cope with single packet erasures, which might

_ - . ... occurin addition to bursts.
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main property associated to such schemes is that these havehe User Parametergrovided toEyr are given in [9] and
finite dimension and infinite block length and thus a ratelesiefine the degree distribution employed in the construction
scheme can be implemented, for scenarios where the charofdhe Generator matrix. We make use of Belitondegrees
conditions are unknown to the sender prior to starting ttistribution presented in this same reference.
communication. The overhead requirements are also low inln the output buffer, each vecte(i) of the sequence, is

Fountain coding schemes. stored as a column of the mati®, of dimensionn, 5], where
n is the length of the LT encoded block apdthe amount of
[l. SIMULATION SCENARIOS encoded blocks generated within the time interval observed

The simulations disclosed herein were repeated for the de chose a value of, such that an integer amount of lines is
tinct erasure patterns exposed in [15], namely, randoMesin@iCked in order to compose one network packet. The required
packet erasures, random burst erasures and a combinatioRWput buffer capacity is then given by- 3.
both. The interleaver provides the sequence; =
(p1,p2,.--,pc), where ¢ is the amount ofp; blocks
generated within the interval observed.

. ) . . Each componemnp; is given by the concatenation oflines
The Fountain encoder construction employed is shown & c

Fig. 2.

A. Fountain Encoder

pi = (C(i,:),C’(z’—i—1,:),...,0(:,i+(u—1)) 2

Hence, each vectop; has sizev - 8 bytes, beingn the
LT encoder output block size. As a result, the interleaving
operation can be characterized as follows:

Protocols/
PEC

. . oP
g ! TS L B U Ey RE Bt Le o gack B

Transport f f
Stream —

File User Tanner Graph

Paan pi = (c1(i), c2(d), .., cp(i), .. ycp(i+ (v —1))  (3)
where a zig-zag scan is accomplished actotises of the
matrix C. In other words, each network packatlp; will
Fig. 2. LT Encoder containv lines of C.

For the sake of simplicity, in the simulation hereif,
N e is taken to be the size of a TSP. Thus, considering the IP
b(i) is the i-th individual byte read from the Transporty;ovimum Transfer Unit of.. 500 bytes, equals seven.

Stream file. ’
TSsc IS the sync evaluathn block of each TSP. The user parameters employed in the LT encoder have to
Brrin is the LT encoder input buffer. be provided to the LT decoder. We assume that the same
urr s the sequence of input blocks for the LT encodes 55nended unscrambled to the first bytes of the payload
Epr is the LT encoder.

. section of each UDP packet. This is, for example, the method
C is the sequence of encoded blocks from the LIuggested in [4].

encoder.
Brrou: is the encoder output buffer.
I, is the LT interleaver.
P is the sequence of UDP payload blocks.
UDP is the UDP packetizer.
udp is the sequence of network packets.

Where the following notation is used:

At the decoding side, lower level mechanisms, such as
packet identification provided by th&eal-Time Transport
Protocol can inform the LT decoder about the missing packets,
which will be handled as "erasures” by the LT decoder.

B. Reed-Solomon

The TS,.; block analyzes the sync bytes of the incoming The single- and two-dimensional Reed-Solomon schemes
Transport Stream sequence and assures the selection af v@fployed herein reproduce the framework defined in the Pro-
TSP's, which are fed to the input buff@ r;,. MPEG FEC Code of Practice [3].

In the LT encoder blockE 7, the process is achieved by The single dimensional RS encoder has the same signal flow
simply multiplying every component vecta+ (i) belonging as the LT encoder exposed in the last section, except for the
to the sequence of vectors,r by the matrixG, of dimen- Err which is replaced by an RS encoder bld€k .
sions(k,n), which characterizes the LT-encoder. The encoderFig. 3 shows the block diagram of the two-dimensional
output is a sequence of vectors of lengthgiven byc = Reed-Solomon encoder implemented.

(c1,¢2,...,¢5), where 3 is the amount of encoded blocks For notational purposes:
produced within the interval examined and each componentlzs is the RS interleaver for the first dimension only.
vector is given by the notation: Ers(i) is the RS encoder for the each dimension.
B,.:(4) is the output block packing buffer for each dimen-
¢ = (ci(1),¢i(2),...,ci(n)). 1) sion.
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Another interesting aspect, is that the second dimension of
Reed-Solomon does not provide improvement for iest-

tspl) etk elal) o Ela eZom) - e2ud) [ Erw N
W only erasure pattern. Actually, it increases the overhead at no
Obm T (1 Bisw 11 Bis [{Brsan (1 (7 ] Brw (Bsa/] b PPk PO significant benefit, decreasing performance measured stgain
Tenspot o overhead cost, making the single dimensional Reed-Solomon
Sean User User advantageous for this type of erasure pattern.
Param, Param.|
Fig. 3. RS-2D Encoder [T =he

C(:) is the matrix composed by the output block se
quence of each dimension’(1) and C(2) have
sizes [kRSh NRSl] and [kRSQ, NRSQ], being krs1 ::
andkrso the source block sizes addzs; and Nggo
output block sizes for the RS encoders of the first ar
second dimensions, respectively.

RS s the packetizer responsible for merging the original
payload and both overheads of the two separa’f@- 4. Performance Comparison for random burst packeusgas
dimensions into the same matrix.

S is the matrix of sizgNps1, Nrso], which contains 5y panqom single packet erasurds: this case, the two di-
both overheads from the two dimensions and thgaional and the single-dimensional Reed-Solomon scheme
original payload bytes. present very proximal performance, as shown in Fig. 5.
The overhead blocks generated by the second dimensiorNef significant performance variation is observed for the LT
the code are indicated ByEC’. According to [3], the second scheme.
dimension is intended to cope with single packet losses that
might happen in addition to burst erasures.

1 L 1 L I L oy e L | I
104 1045 105 105 106 1065 107 1075 108 1085 109 1095 11 1105 111 1115 112
Overhead

boo -& [T
= —e-RS1D

The matricesC; and C5, which result from storing the )
encoded blocks as its rows, are typically rectangular. &hr osf o
resulting structures, namely, payload, overhead for firaed- i

S 04
sion and overhead for second dimension, are arranged iresu goor
o 03

way that each UDP packet, the atomic unit for packet erasur S
will not contain bytes belonging to different structures, a or )

0151

given in [11]. ot

005 . \

1 (IR E— e == 1 % L b 1 1 1 1 1
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C. Results

. Fig. 5. Performance Comparison for random single packetuees
The degradation of the decoded content when the code’s P gep

rate is modified was observed. The measured degradation in

this situation reflects the probability of unrecovered sptab  3) Combination of Random single packet erasures and

in the decoded content. random burst erasuresThis erasure pattern is said to be
The code’s rate is varied within a range that allows usiore realistic according to [15]. In the channel simulation

to observe the transition from a very good quality decodétrein, approximately half of the erasures are distribed

content, down to a very impaired decoded content, while tiiéhgle packet erasures, whereas the other half as bursts of

channel erasure probabili#,, is kept constant a.03. packets being erased.

1) Random burst erasuresFig. 4 shows the performance It can be noted that in this case the second dimension for
results for both Reed-Solomon schemes and the LT coditie Reed-Solomon scheme provides an improvement over the
scheme. The Reed-Solomon codes present a much begiegle-dimensional one. The LT scheme still outperfornes th
performance until a value oV ~ 1.08 - k, at which point, Reed-Solomon schemesatapprox.1.08.
any new LT encoded symbol that arrives successfully at the4) Visual impairmentsFigures 7, 8 and 9 show snapshots
LT decoder, contributes significantly with the LT decodingf samples resulting from the LT, the single- and the two-
process and the same outperforms the Reed-Solomon schemliesensional Reed-Solomon processes respectively, atihe p

of 1.08 overhead shown in fig. 6.
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to avoid such cases, we propose an unequal protection scheme
‘ \+_[ for protection of Transport Streams over IP networks, that
privileges packets carrying PSI and PCR information.
] The proposed workflow is shown in figure 10. At the
B | encoder, when the Transport Stream file is read, a parallel
1 block is analyzing the original TSPs. This is not intended to
N § be a complete analysis, only of the fields of interest, at low
‘ 1 processing costs.

015

01

005

For the selection of PCR TSP’'s, the items analyzed
include the Adaptation Field and the PCR presence flags
. _ _ which are explained in [1]. If both bits are set, &S
Fig. 6. Performance Comparison for random burst and sirgy&egt erasures Analysis blockwill switch the incoming TSP to the proper
path employing a more robust version of the Generator matrix

0 0 i T T s — e R I I
£04 10#5 105 1055 106 1065 107 1075 108 1085 109 109 11 1105 111 1115 112
Overhead

For PSI information, the "TSP Analyzer” block first looks
for the known PAT PID, where it finds the updated list of
current PMT’s and from this point on, the same are added to
the search criteria.

Since it was observed, in the LT code performance
presented in Fig. 10, that, when close to decoding complgetio
an increment between one and two percent in the overhead
is capable of significantly improving the decode-ability of
Fig. 7. Visual impairments for LT aiV = 0.8k up to the entire block, we made the choice of providing
an additional four percent of LT encoded symbols over the
current code’s rate, upon detection of PCR or PSI, i.e.,
twice the overhead increment capable of assuring sucdessfu
decoding for the present channel.

Considering that PSI and PCR information may represent
approximately one or two percent of the total data which
is transported by the stream, this method requires veig litt
additional overhead in order to assure continuous playbadk
overall improved presentation at the reception.

Fig. 8. Visual impairments for RS1D &Y ~ 0.8k
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Fig. 10. Adaptive LT encoder considering PSI and PCR

Fig. 9. Visual impairments for RS2D &V ~ 0.8k . . . .
t(i) is thei-th bit entering the encoder, resulting from the

reading process.
Brs is the Transport Stream packet buffer, of the size of
I1l. UNEQUAL FOUNTAIN SCHEME one TSP ofi88 Bytes.
It was noted that, for some decoded samples, the byte degratsp(j) is the j-th integral Transport Stream packet stored
dation obtained was within satisfactory levels, but timgso in Brsp being fed to the analysis block.
were observed during presentation. Moreover, it was oleserv TS 4,,; this block will be checking for presence of PSI
that these cases presented PSI and/or PCR corruption.én ord or PCR information in the TSP.
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PMT This block will store the PMT pid for the singlevery small additional overhead, less than one percent of the
program — in this section we evaluate an SPTS encoded symbols’ string for the erasure rates employeden th
once the same is obtained from the PAT. It will besimulations.

used for checking PMT presence in the upcoming

packets.

is the Buffer for the string composed dfTpcr,

LTpsy and LTprp.

Interleaver for the string composed dfTpcg,

LTps;r and LTpy,p.

Prrp Packetizer of the adaptive encoding scheme into
RTP/UDP/IP packets. (1]

Brs

Irs

We tested this scheme with overhead valuesldfrs [2
and 1.085, at which point, very small additional overhead

of approximatelyl — 2 percent will suffice to successfully [3]
decode the original input block. Hence, we increment the

overhead for PSI and PCR TSP’'s by percent, up to
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