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ABSTRACT

This paper proposes a scheme for low-delay robust trangEmis$
video signals over packet erasure channels. In applicatiuth
as video conferencing, the permissible delay between eémgahd
playback may be too low to allow retransmission or channdirap
approaches which require buffering several video packetssuch a
scenario, we present a scheme that provides error robssisesg) re-
dundant video descriptions applied to pertinent portidith® video
signal. In the H.264/AVC specification, this can be efficigntn-
plemented using redundant slices and Flexible Macrobladlefing
(FMO). We describe a model that determines the bit rate ofehe
dundant descriptions such that the expected distortiomeadiécoder
is minimized. Across all the video test sequences used,vti@age
video quality delivered by the proposed scheme is 3.7 dBdrigan
decoder-based error concealment, and 1.2 dB higher thatenc
based loss-aware rate-distortion optimization.

Index Terms— Error-resilient video coding, H.264/AVC, flexi-
ble macroblock ordering, redundant slices

1. MOTIVATION

This paper is concerned with low-delay robust video trassion.
Applications which fall into this area include Internet wersational
video services, and low-delay live video streaming overeless or
wired networks. Because of the low-delay requirement, i nat al-
ways be permissible to rely on retransmissions to recooen fracket
losses. Most modern decoders are capable of performing @m
cealment to mitigate losses. However, owing to limited ladé in-
formation and limited signal processing resources, deebdsed er-
ror concealment does not generally provide acceptable\qdality.

video signal is lost. An implementation using H.264/AVC i®p
posed, which leverages standard-compliant tools, namedyndant
slices and Flexible Macroblock Ordering (FMO). Using a mdde
the average end-to-end video quality, the bit rate used ¢odmnthe
redundant descriptions is optimized. Further, FMO enatilesen-
coder to choose the way in which this bit rate is allocatechéore-
dundant description, e.g., encoding either a redundarmtigéen of
the entire video frame or only a region-of-interest withie frame.
The remainder of this paper is organized as follows: The @nco

ing and decoding scheme for the redundant descriptionssigitled
in Section 2. Section 3 explains how to choose the encodiraypa
ters for the redundant description. In Section 4, the rotasst of the
proposed scheme is investigated experimentally.

2. ERROR RESILIENT VIDEO CODING SCHEME

An H.264/AVC implementation of the proposed error resitien
scheme is shown in Fig. 1. The steps used to encode the redunda
description are as follows:

Determine Redundant Slice Map: This step involves determining
which portions of the video frame will be encoded using rethm
slices. In the current implementation, one of three optioy be
chosen:

1. Encode the entire frame as a succession of redundans.slice
This is a trivial map in which there are one or more redundant
slices which are, in turn, placed into one slice grdup.

2. Identify a Region-Of-Interest (ROI) at the encoder, asash
in Fig. 2. The ROI is specified in the bit stream using FMO
Type 2. This involves covering up the non-ROI region with up
to 7 slice groups. The remaining portion of the video frame

Feedback can be used to notify the encoder of the lossespand t ~ NOW consists of the ROI. Only this latter portion is encoded

adapt the mode decisions, in particular the selection ofé¢fexence
picture, within a loss-aware rate-distortion-optimalnfi@work [1].
This technique incurs delays of less than 1 second, makgtible
for video-conferencing. Alternatively, one or more franmeay be
protected using systematic source/channel coding appesastich as
FEC [2]. In our own work [3, 4], Systematic Lossy Error Prdiec
(SLEP) has been shown to provide a more flexible resiliernuzgity
tradeoff and more graceful degradation than conventioB&l.[SLEP
is based on applying a channel code to coarsely quantizadh+e
dant video descriptions. However, when the bit rate of thieei
signal is low, several frames must be buffered before cHaamtd-
ing/decoding can be performed, resulting in a large delawdsen
encoding and playback. The scheme presented in this papensds
redundant video descriptions, but avoids channel encédiiegding
to provide robustness with very low delay.

In this work, we describe a scheme in which coarsely quathtize

redundant descriptions are generated for certain portibtie video
signal, and are used to provide error resilience when theguyi

into redundant slices. A detailed description of the method
used to determine the ROI and to specify it in the bit stream
using FMO Type 2, can be found in [5].

3. Define two slice groups, one containing even rows of mac-
roblocks, and the other containing the odd rows. Redundant
slices are generated for both slice groups.

The Redundant Slice Map has to be specified per frame of tle®vid

gsequence, and travels inside a standardized containemkasvthe

Picture Parameter Set (PPS). The method by which one of theeab
choices is preferred over the other two, is specified in tiesection.
Typically, it is observed that the ROl map is selected foruseges
with a static background (e.g., Akiyo), the Even-Odd mapelscted
for sequences in which there is high motion in a dominantctiva
(e.g., Bus), while the trivial redundant map in choice 1 ab/se-
Jected in most other cases.

1In the H.264/AVC nomenclature, a frame is composed of one arem
slice groups, and a slice group is composed of one or momsslic
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Fig. 1. Within the H.264/AVC framework, a portion of the video siris specified using Flexible Macroblock Ordering (FMO) aesd

dundantly encoded using coarse quantization. When slioes the pr
degradation that can occur. A model selects the encodingte$ of th
in the decoded frames is minimized.

imary coded picture are lost, the redundant slineésthe maximum
e primary and redundant descriptions, suchlieadterage distortion

Perform Redundant Slice Encoding:This step takes the redundantredundant descriptions, (3) Both the primary and redunslésgs are

slice map as the input, and encodes the region specifiedibjoipne
or more redundant slices. Note that the redundant slicesf aréixed
maximum length specified at the encoder. Thus, they havéampi
shapes (independent of the primary slices) depending upmodm-
plexity of the scene, the coding modes, and the target lat i re-
duce complexity, we impose a constraint that the macroklatkhe

lost. The resulting distortion from error propagation amgvpus
frame error concealment is modeled @& — 1] + MSE[i,i — 1],

where MSE{, ¢ — 1] is the mean squared error between framasd
1 — 1. The derivation of these three distortions by averagingppezl

squared errors is explained in detail in [7]. Combining the¢ dis-
tortions and weighting each by its probability of occurrenc

redundant slices must have the same coding modes and meten v

tors as those used in the primary slices. This same stratagysed
in [3]. The quantization step size used to encode the redurstiaes
is constrained to be higher than that used in the primargsli@his
reduces the bit rate of the redundant slices, at the expdrassmall
quantization mismatch. When primary slices are lost, toeder at-
tempts to conceal the losses using the redundant desarigfithe
redundant slices are also lost, then there is no choice luggsome
decoder-based error concealment scheme. In the curretdnrep-
tation, the non-normative concealment algorithm in H.26@ [6]
is used for this purpose.

3. MODELING AND OPTIMIZATION

We now describe a model for the average end-to-end distoitio
curred by using H.264/AVC redundant slices. The model igpsetb
from our earlier work [3, 7], in which the derivation is proed
in detail and the accuracy of the model is established. Let
distortion-rate pairs for encoding the primary and redmbgéctures
be denoted by D,, R,) and (D,, R,) respectively. As the redun-
dant slices are coarsely quantized compared to the primi@gss
R, < Rp, Dr > Dy.

Let D[¢] be theaverage end-to-end MSE experienced by a pack
in the i frame (assume it is a P frame). We consider three
tinct scenarios: (1) There are no errors, and error enerdggaine
1 is contributed only by the distortion propagating from theyous
frame, denoted aB[i — 1], (2) The primary slice is lost, but is con-
cealed using its corresponding redundant slice. The tdsédrtion
contribution from error propagation and redundant sliaecealment

t

Dli)=(1—-p)Dli —1]+p(1—p) (D[ — 1] + Dr — Dy)

+p° (D[i — 1] + MSE[i, i — 1]) 1)

wherep is the packet erasure probability seen by the video decoder

at the application layer. This relation clearly demonsisahe effect
of error propagation, which can be mitigated by insertiorindfa

macroblocks. If a macroblock is refreshed every N frame=n the
average MSE over N frames is

1 N

D=+ ; DIi] 2)

The objective is to seled?, andR,, the encoding bit rates of the
primary and the redundant descriptions, suchth& minimized. To
do this, it is necessary to have a model for the distortidae-fanc-
tions D,,(R,) and D,.(R,). We use the model proposed in [8], in
which the two distortion-rate functions can be modeled gishree
parameters each, as follows:

_ O
R, — Rop

Or

Dp = DOp =+ m

3 Dr - DO'r + (3)

‘?’}‘he parameter®,,, 0, Rop, Ror, Dop, andDy, are determined from
digial encodings. For atotal bit rate constraidt, the encoder solves

the following optimization problem:
Minimize D(R,, R.) such thatR, + R, < Rr 4)

whereD is the average end-to-end MSE given by (2).

is D[i — 1] + D, — D,, with D,. — D,, representing the error energy It would be sufficient to use the above source coding model for
corresponding to the quantization mismatch between timegpyiand D, (R,), if there were only one method for encoding the redundant
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Fig. 2. A region-of-interest (ROI) is determined by performingnpie error concealment at the video encoder, and then aipake
macroblocks which are the largest contributors to the calnoent errors. This ROI is then encoded into redundantsslithe mapping of an
image area into ROl and non-ROI can be efficiently specifidd.264/AVC using FMO type 2 (Foreground With Leftover)

Sequence Total Bit Rate(kb/s)

Bus.CIF 1000

Foreman.CIF 500

Akiyo.CIF 200 =

Mother Daughter.CIF 300 =
=4
[
[+%

Table 1. Video sequences used in the simulations. The maximum
allowable size of a video slice is set to 500 bytes, and eaghesee
is 1000 frames long and encoded at 15 frames/s.
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slices. However, as explained in Section 2, there are thoesilgle 100 420 440 460 480 500 520 540 560 580 600

ways to encode the redundant slices, and potentially tharkl de Frame Number

other redundant slice maps. It would be prohibitively coplo  Fig 4. Redundant slices do not incur the high distortion assediat
determine three encoder parametirsizo- and Do, for each redun- yith error concealment artifacts, as seen here forFtreman se-
dant slice map. Therefore, we make a compromise as follovs: Tquence. An adaptive redundant slice map gives better imstaaus

parameters are determined only for the trivial slice mamhith the  pSNR compared to trivially including the entire frame iresihe re-
entire frame is considered as a slice group. The optimizati¢4) is  gundant slice group.

carried out and optimum bit raté8;, and R; are obtained. Then, a
trial encoding is performed for each non-trivial redundslite map. iha received pi ; P
g h . - picture quality was averaged over 10 reatizatof the
Tfle.re(:]unda(;]t SI'%efmaﬁ which gl\f/es the smallest MSE foradét r cpannel. The sequences used in the experiments are listetilia 1.
Ry, s then adopte forthe current frame. . Since introducing an intra frame would cause a sudden iserga
A further reduction in complexity is obtained by performith® ¢ it rate, it was decided to perform intra refresh of one o6

optimization once everyV frames, whereV is the intra refresh pe- 4 crohjocks per frame. This amounts to a full intra refregine18
riod for a macroblock. More precisely?, and R, are optimized f3mes of a CIF sequence.

once everyN frames, but the redundant slice map is updated for ev-
ery frame.

against the symbol error rate in Fig. 3. The proposed scheovides
significantly higher PSNR than both decoder based erroraainent
4, EXPERIMENTAL RESULTS and LA-RDO. Further, adaptively changing the redundacesthap
improves the average picture quality by up to 0.4 dB for saqes
The robustness of the proposed scheme was investigatedfanael with low motion, such ag\kiyo andMother Daughter, and by up to
that introduces random symbol errors (1 symbol = 1 byte). @a-c 1.4 dB forForeman andBus, which have higher motion. To accom-
pared the average and instantaneous video quality dediter¢he modate the redundant slices, the primary bit rate must becest]
decoder by (a) The proposed scheme which adaptively chahgesresulting in a loss in video quality at low symbol error prbllisies,
redundant slice map, (b) A scheme which optimizes the realund as seen in Fig. 3(c). This reduction in picture quality is etefent
bit rate but always chooses to redundantly encode the auhér;, (c) on the bit rate chosen by the model for encoding the redursliges,
Decoder-based error concealment [6], and (d) Encodedbasss- i.e., on the quantization mismatch between the primary eddndant
Aware Rate-Distortion Optimization (LA-RDO) [9]. slices. The computational complexity required to enco@eréaun-
Allthe encoder-based schemes were optimized for a symbmi erdant slices is significantly lower than that required to iempént LA-
probability of 107, and the performance was tested over a rand®@DO, which performs several channel simulations and degsdat
of error probabilities fron2 x 1075 to 5 x 10~*. To mitigate the the encoder. Across all four video sequences, and the eatige of
effect of instantaneous variations in the statistics ofgtier process, symbol error probabilities, the average video quality & pnoposed

The average PSNR of the decoded video sequence is plotted
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Fig. 3. The average received PSNR degrades gracefully when theabymor probability increases. Moreover, choosing tltinelant slice
map adaptively results in improved picture quality as coregdo trivially encoding the entire frame as one redundbeg group. For high
motion sequenced(is and Foreman), and the scheme favors the trivial (full-frame) slice magh® even-odd slice map. For low motion
sequencesAkiyo andMother Daughter), the scheme favors the ROI slice map.

scheme is 3.7 dB higher than decoder-based error concealameh

1.2 dB higher than LA-RDO.

Finally, Fig. 4 plots the luminance PSNR versus frame numbEy
for the Foreman sequence at a symbol error probabilitylof 2. It is
observed that, in comparison with LA-RDO and error conceaim 2]
redundant slices are able to mitigate the instantaneoustied in

the frame PSNR

Redundant video descriptions can be used to design a rolulesi v
coding scheme with a very low encoding/decoding delay. ABs]
H.264/AVC implementation using redundant slices and Blexi
Macroblock Ordering (FMO) has been proposed. In this scheme
coarsely quantized redundant description is generatezkftain por-
tions of a video frame. When primary slices are lost, theespond-
ing redundant slices are used to conceal the losses up tdaincer
residual distortion, which depends on the quantizatiommaish be- 7]
tween primary and redundant slices. The available ratédsatked to

the primary and redundant descriptions so as to minimizavheage
distortion in the received video. Out of three differentuadant slice [8]
mappings, the encoder selects the one with the minimum M&ibre
struction for the given rate allocation. Experimental tessdemon-
strate that the proposed scheme provides higher instantarend &)
average picture quality than both decoder-based errorecdment

when the primary slices are lost.

5. SUMMARY

and encoder-based loss-aware rate-distortion optirizati
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