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ABSTRACT

The Scdable Video (oding (SVC) has keen recently addel as
an extenson to H.264/AVC stndad. This extersion alows
bah hit rate and deice capaility adapaton whch are
desirade featwes espedally in emor-prone wireles
heterogeneos neworks. This pger invedigates te smtio-
temporal aror conceaiment tdniques br padket loses in
wireless IP networks, where scabble video codng (SVC) can
be wused. Three nethods ae introduced: pixel-value
interpdation, frame copy ard a rew method, which utilisesthe
caredly recaved satial enhanenert layer information if the
carespondng base layer is missing. Unlike the new method,
the tradti onal methods discad the carrepondng enhancenent
layer data in the cae when the base layer is misshg. Tte
simuation results indicate that ehanenert layer utlisaton
providesbetter results in the ca®e d a missirg baselayer than
the traditional error concealmat methods improving the image
qudity on avelage 2dB.

General Terms
Algorithms, Sardardization.

Keywords
H.264/AVC, SVC, erra resilience, adapive videa

1. INTRODUCTION

Modem tedindogy has mace it possble totrander red-time
video to various nobile teminas in wireless netwaks. The
samne video ca be steanedto low bit rae mohile phaneswith
low quality as vell as hidh hbit ratetelevisions with extremely
high qudity. Salable video caling has endled adapve video
transmission where adagtation to the chanrel can be done
easily withaut reenoding. Several typesof sub-streans @nbe
deamdead from a single enoded streamwith the deired spatal,
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temporal and qudity scdabilities that are suitade for the
spedfic applicaions

However, the wireless transmission envronment is veryerror-
pronecompaed to thewired systems. Bit inversbns andpaclet
loses @n lead evertualy to an unaccepable video stream
where parts or evenwhole frames might ke missing. Snce ed-
time demands create ther own limitations to transmisson
systams, resending the nissng packds isna uswally passble
egpedally when broad@ading. As aresut, error-reslient tools
for the encoer to protect from erors and concelanent methods
for the decoctr ae needed in oder to achieve aufficiert video
quality.

The pevious S\C stardard drat indudedfour different erra

concealment methods [1, which will be discusses in more
detal in sub®ction 2.23. Howeve, these mehods had a
camplex structure and followed thke older structure d the
decoctr, which has changedafterwards from open-loop to
closal-loop which dfeds also to the emor concealment

procedure. The authars of [2] introducel an eror cancealment

techrique for SVC, which utilises the smtial enharcement

layer information for | and P-dices following the open-loop
structure of he decode However this metha dd not concen

the B-pictures, which can be u®d to improve the @dng

efficiency ard video qudity. Some of te research ha facused

also on inter-layer carelation in the SVC [3] as well as NALU

utili zation process [4]. However, mary of the error resilience
and conceamert technques follow the dder open-loop
approach. The nethadsintrodwced in this pger aredeveloped
to the JSYM version 9.15 eference odec [5] and ther

fundiondity concens al® B-slices, whch is usudly a very
comman dement in the scadable video caling.

This pape is organised in the fllowing way. The seond
section introduces te <alable video coding extenson o
H.264/AVC foausing on the pdio-temporal scalakilities and
video paketisaion. A smdl survey t existing error
concalment techriques is ako made The tird section
illustrates the implemerted erra concalment techrques
which ae evduateal in the fourth chepter. The fifth ard at the
sametimefina secton draws aconcluson from te smulation
resuts.

2. SCALABLE VIDEO CODING
The lates video compresson sandard H.264AVC has been
developad jointly by the ISO/IEC MPEG and ITU-T VCEG



standardisation orgarisations providing impoved @ding
efficiency by usng state-of-the-art coding tools [6]. It provides
a nawork-friendly padketbased video repesnaton
supporing both convesdiond (video telephony) ard non-
convesational (streaming meda, torage) applications This
work foauses on Annex G of the H264/AV C standad, which
definesthescdabe video caling extenson [7].

The adaptive video transmisson methods such & rate cantrol,
trarsaoding or bitstream switching, ofer video adatation for
the dhanrel, but each methad has ter shatcomings. Salable
video @ding (SVC) with three scdahli ty schenes comlined a
nat combined together allows video steam adaptation without
the need for the @owe-mentioned dternative mehods An
adapeation to devce capaliity as vell as to it rate @anthereby
be reache. Various use scenaios «ist, such as video
broactast or unicast, video conferencing and surveill ance

Scdable video neés to be encaled only once & highest
resdution or with the best quality, but multiple scalable sub-
streamscan be decode degpendng on the &rget charaderistics
[8]. With the hdp of this concept,flexibility and adatability
for seveal hderogeneais netwaks can be ddeved Salable
video @ding provdes may altematives and possbilities for
future video trarsmission in heterogereous erorprone
networks — with the price of a heavier encodng proces.

2.1 Spatio-temporal scalabilities

Tenpad scdahbility becanes weful in apgications where a
lower frame rée is needed wheeas aial scdahbility affectsto
the videoresdution. Rate adptation can be adbved by usng
tempord scdahility. Naturally, the reedced tandwidth increases
deperding on the numbe of tempord or spétial stages

A hierardhical predction structure can beised with theconcep
of B-pictures in H.264/AVC and it provides exdlent cding
efficiency bath in dyadc and nan-dyadic cases P]. Badcally,
ary picture @n be maked as a reérence pidure ard used for
motion compersaed prediction. Tenpord scdability has been
suppored in MPEG-1, MPEG2 Video, MPEG-4 Visual, H.262
and H.263 © some etent, but tharks to reference pcture
menory control H.264/AVC offers nore flexibility for tempaoral
salahlity. A goad example of the flexibility in SVC is tha
spatial scdable cading suppors abitrary relution rdios as
long as the resolution does mt decresse vihen moving from
base layer to erhancenert layer.

Multiple layer codng is the key elemet in SVC. Inter-layer
prediction mechaisms are implemerted to improve the @ding
efficiency. The ide is touse lower layer information asmuch
as posdble b ddtain improvemerts in the ree-distortion
efficiency in the enhanemert layers. It is naiceale tha
tempord predictors can provide abetter approximaton of the
original signal than the upsanpled vesions obtained by the
baselayer recorstrudion.

Texture dda @n be pedcted fom the up-sanpled reference
layer texture, where intra-caled macroblocks ae used, which
makesthe processcdled interdayer intraprediction. Similar to
inter-layer inter gredction, the codingnethad of the reference
layer maroblock defireswhich prediction method § used.

With the hdp of the base node flag the macoblock of the
enhanceert layer is predcted from he maroblock o the
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referencelayer and codd deperding ; the oding stucture in
the reference macroblack. Conequently, data partitioning and
up-sanpling is used to the referene layer macroblocks b get
the motion vectors for erhancenert layer macioblocks. This
whde processis cdled inter{ayer motion predction [9].

Inter-layer reddual predction depend on the value d the
residud predction flag to inform tha the resdual d the
wanted enhancenert layer maroblock is predicted from the
up-sanpled eference layer residual. Only the corregpondng
differene signal need to becoded in the erhancenent layer

9.

2.2 Bitdream dructure

The bitstrean in H.264/AVC is seprated into VCL ard NAL.
Gererdly spe&king, dl the souce dcta is created as a
representation to VCL whle NAL formats and encapuates
this daa ard al® gererates effedive headeinformation, which
can be usedn seweral differert systems Snce thee wits are
used in transport layer mapping, gad fiexibility for gperation
over a variety of networks can be acheved [10]. Figure 1
represats theinterconredion betweenVCL and NAL.

Video Coding Layer

Coded Macroblock

Control Data

Coded Slice / Partition

Network Abstraction Layer

Figure 1. Inter connection between VCL and NAL.

2.2.1 Nework abstraction laye

All the codeé video information is aganised into netwak
abstradion layer wnits (NALUS), which ae the adual pakets
to bepassed to transmission protocok (e.g. RTP) conaining an
intega number of bytes. Each NALU starts with a prefix code
(0x0003), which will not take presnce in ag other locationsin
the hitstrean. The heaer byte indicates thetype d this payjoad
among many othe fields. This allows a efedive
cugomisdion o the use of VCL in a variety of network
systens.

In H.264/AV C ore NALU canbe dvided into one or nore RTP
pakets a many NALUs @n be putinto cne RTP padket [11].
The gereral NAL unit packe format corsists of a heaér byte
and VCL or non-VCL daa. The actwal codel video dda lies in
the VCL patition.

2.2.2 Video codng layer

To address he needfor flexibility ard custamisability, the
H.264AVC dedgn covers a VCL, which is desgned to
efficiently represent the adud video comert. The mrticular
pat is located dter the five-byte NAL unt type icertifier.



When speaking of thegeneal structure of VCL in H264AVC,

it follows the so-called block-based hybrid video coding

approad [9]. There ae similaritiesin the VCL design between
prior video caling gandards such as MPEG-2, tut H.264/AV C

includes new featuresin order to exceel the oder standards in

campresson dficiency aswell asadapability and flexibility.

2.2.3 Existing eror concedmentmethods
Thesalable extersion of the H.264/AVC standard draft eadier
included four different schemes for error concealment in the
decode. Two of these nethads opeate in theintra layer whle
the aher two can oerste the scdability layers ard fundion
betwea layers. These latter two are called inter layer erra
conceémert mehods. Owrall, the gerrd studure of thee
methods was very heavy in the calec resdting in a hwe
numberof extra cale lines In addition, the ealier structure for
the calec was based on the ope-loop plinciple, which meas
that e@h laye was demded in a ®parate way and combined
findly with the higher layer picture. The structure haschanged
to the closed-lop piinciple, which means that the deoding
process producesan atual image dter eady AU, not dter eah
layer. The presented draft eror conceémert methodsalso rad
restictions to thar use serarios (number of enhanemernt
layers) ard therdore the reference odecdoesnat indudethese
methodsin its releases anymore.

Frame @py (FO) is an ntra layer eror concealment method
tha functions bah in base and enhancemet layers. Its
principle is simply to copy the missirg pixel values b the
erroneousframe from he caresgpondng pixel in the first frame
in the rekrene pidure list 0. Since tre notion betweenframes
is not consideredat all, this method is not velry effedive for use
in videosequencs that contain alot of moton [1].

Tenpard direct motion vedor geneation (TD) is alsoanintra
layer error conceément method. The missng frame ispredcted
usng two reference pcture lists and the desred missng motion
vectors will be gererated by scaing the motn \edors in the
missng frametemparally betwea thesetwo reference ligs [1].
TD will give good results if the motion in the recorstruction
areais relatively uniform.

Motion and residud up-sampling BLSkip) is an nter layer
error concedmert method and its purpose is © conced a lost
spatal enhanenent layer from the predcted P or B-pictures
The redduals and moton vectos d the btase layer will be p-
sanpled tohigher relution for the enhanemert layer [1].

The lag method, recorstruction baselayer up-samging (RU) is
an inter laye error concedmert method, where te bag layer
picture is recansruded and upsanpled wsing a 6tap
H.264/AV C filter for the lostenhan@nent layer picture [1].

3. IMPLEMENTED ERROR
CONCEALMENT SCHEMES

All the implemertatons were addedto Joint Salable Video
Modd (JSVM) referene codec vesion 9.15. This is he
reference software for the scabble video coding project from
Joint Video Team (IVT) working grougs [5].
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3.1 Traditional error concealment

techniques
All the inplemertatons ae baed o a map where dl the
macroblocks ae maked as

0 =correctly receivec MB
1 =lost MB
2 =remngruced MB

With the help dthis map dl theerra concealmat techniques

can be prformedonly for the missng macroblacks. The map is
adually a wo-dimersiond array, where thelaye identification

as vell as thelocation o amissing maaoblock travels ogether.

Thearrayis initialised & thebegnning of eat acces wnit.

3.1.1 Pixelvalueinterpolation

In order to implement an eror redli ent decode a concealment
algorithm for I-frames was neede. The problem in wsing a
slice copy to I-frames is tha there are no awvailable framesin
the reerene ligt. Ore sdution is © use the mertioned pixel-
value interpolation for the I-frames Figure 2 shows an exanple
of theinterpolation.

N
VA

a) Original, error-free
picture. PSNR 46,1 dB.

b) Reconstructed picture.
PSNR 29,1 dB.

Figure 2. An example of pixd-valueinterpolation.

The ntepolation fundion uses the caredly reecived and
decoced macroblock and pixel areas flom the ame fame
where the missing slce is located. Above and béow
maaoblocks are seal as sarces to conceal the intermedate
macroblock. If only the other source is available, the
interpdation becames stretthed. The worst cae iswhen bah
saurces areunavailable, which mears tha maaoblock linesare
skipped as long as the carecty recdved macpblock is found.
The recanstruction is donein raster scan ader. The find thing
to do n the interpolation function is to mark the cacealed
macroblocks asrecondructed in the mssing macroblock map.

3.1.2 Frame opy

Frame copy is a vely convenient solution for replacing the
missng picture areain the cae of packe loss. The missng
sliceis copied from a refeence Ist and the reallts ae excdlent
if there is no mation inside the GOP. Naurally, when the GOP
sizeislong and there is genty of motion, frame c@y gives poa
resuts. The rdererce list picture @n ke lacaded eithe
temporally ealier or later in the \ideo streamaswill be later
pantedout. Figure 3 epreserts anexamge d frame cqy.



a) Original, error-free
picture. PSNR 42,4 dB.

b) Reconstructed picture.
PSNR 25,7 dB.

Figure 3. An example of frame copy.

There are two reference frane lists availalde, which are defined
in the standard and can beapplied © the frame c@y. The first
list, reference st O is used for P @ B-pictures whereas
reference list 1 can be utilised only for B-pictures. The
difference between thse wo lists is that list 0 uses the
temporally ealier key pictures (I or P) in the GOP and the
reference pcture list 1 uses the temporally nearer reference
pictures, which can also be aB-picture [6]. Using referene li st
1 will give snoather resuts sin@ the frane to be cpied is na
as far away from the pcture to k& recorstructed. Figue 4
represats thealgorithm logic of thetradti ond methads

3.2 Enhanced error concealment method

It is mmmanly assumed ha the missng bas layer slice leads
to rgecting also he dependen erhancenert layer dice. In
mary cases, thisis true if the highe laya need the base laye
data for the picture formation. The macrobbcks in a fame ca
be caled dfferently, as was preernted ealier. The kadc
asuumption is that the blocks including lots of notion ae intra-
coded while the dtatic area ae intercoded which ae
predicted from other pictures from tke sane layer and also from
the lower layer, snce the herardnical predction structure is
ustally used in SVC. For example, when looking at the whole
Foreman sequence at a frame level, it is noiceable that the
reference pictures have mary intra-coded blocks. It is ako
naticeadle that adapive inter-layer predction is usually wise to
use dnce itprovides goad rate-distortion dficiency.

. Update missing ‘
MB address + H o ‘

Check for missing Copy pixel values
siices

Get
carresponding
macroblocks from
reference list 0

it no more
MBs

Init, parse, decode

comesponding
macroblocks from
reference list 1

Create virtual skip
siice list

ot last slicg in AU

Inter coded Intra coded
MB MB

Check the coding
type of the current
macroblack

1 1siice

Interpolation

1B siice

Find the curent
MB address

Siice copy Spatial enhancement ayer
utilisation

Figure 4. An algorithm representing the SVC decoder with
theimplemented error concealment features.
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The paial enhan@ment layer uilisation presaited in this
pager is an eror concealmenttechnique tat utilises the
information from the carectly receved Hgher reslution slice
in the cag when tre caregpondng base layer slice is missing.
It shoud nat be meseedwith othe methadsthat alsoutili sethe
spatial enhancenent information (swch as interpdation) in
order to conceal the missing dice. The simplified block
diagram of he sptial enhanceert laye utilisation proces can
be seen in Figure 4, in the far right. This methad is designed to
be used with the ©ncep of B-pictures snce he wse of hese
pictures provide goal codng and prediction eficiendes and
also the subjecive and objetive qudity in manycases. Due to
thee fads the maority of the frames in tle salade video
sequene ae usudly B-pictures with hierarchical predction
structures which mées this method rational to use.

Figure 4 showsthat the desgned algorithm checks whether the
current macroblock is intra- or inter-coded. Badcdly the nev
method, spatial erhanemen layer utilisgion mears that the
texture elemerts of the @rredly receved erhancenert layer
(intra-coded blocks) data are gathered aml usd in the
recorstruction. Since ®me of the lae laye daa is gill neede,
the macroblock copy is applied to al the Hocks tha are inter
coded.

Figure 5 shows an illustrative example of the enhancement
layer utilisation. As @n be seen, the isud reallts arevery
good. The patticular image is a refeence pcture ard it has lots
of intra-coded nmaaoblocks esgdally in the faceareasince it
contains motion from ane frame  another. The mauth arais
nicely recongructed and tre Hocking phenomenon can be seen
well only in the violet cdlar of Foreman. As was peseited
these three error concealmenmethods provide an adative tool,
which séeds the bes mehod to concelathe erors depenthg
on the picture- and cadingtypes d the maaoblocks.

a) Original error-free
picture. PSNR 40,1 dB.

b) Reconstructed picture.
PSNR 27,4 dB.

Figure5. An example of enhancement layer utilisation.

4, SIMULATION RESULTS

Three different vdeo clips were ugd in the smulatons:
Foreman, Socer and Hall. Thes thee vere seéded for the
following reasons. Foreman is a widdy used test video
sequence among developers of video codecs fnce it congains
bah smdl and rdatively large notion inside the dip of 300
frames The Socer sequence idfers from the Foreman
especidly in the anmount of mofon and cattains nore movng
elemerts. In cortrast tothe first two sequencs, the Hall test



stream has a static camera with a cowple d moving objecs.
Simulation paranmeters areshown in Table |.

The test ¢ream was 300 frameslong (10 seconds) for all the
three test sequences regardless d the chotes for @ding
paametas. Natually, al the encoded vesions were malewith
a ompliant JSVM 9.15 enwoder from the sane reference
sotware asthe deoder. The padet droppings were cettralised
and restictedonly tothe base layer. Paclketlossratios from two
to ten with the interval of one were peformedin dl the tes
caes

Table 1. Simulation parameters

Input video Foreman Soccer Hall
Spdial layers 2 2 2
Number offrames 300 300 300

BL reslution QCIF QCIF/CIF QCIF
EL relution CIF CIF/ACIF CIF
Slicesin BL 3 3 3
Slicesin EL 9 9 9
Frame rae BL 30 30 30
Frame rae B 30 30 30
GOP éze 8/16 8/16 8/16
QPBL 38 38 38
QP EL 20 20 20
PLR BL 0...10 0...10 0...10
PLR EL 0 0 0
Bit rate BL(kbit/s) 420 350 320
Bit rate B_(kbit/s) 2000 2100 1880

4.1 Evaluation of interpolation and frame

copy
Figure 6 illustates the Jsuwal resuts d the inplemerted

methods. As can be seen from Figure 6 d) the spatial
enhanement layer uilisaion provides tke best resdts both
from PINR as well as visual apeds. Figure 7 shows the
simuation resuts from the interpolation fundion, which is
dedgned to function for the missing slices and macioblocks far
the I-slices. In order to reach a &able decodein the smulation
envronmernt when peforming the other tes cases, it is rationd

)

b) Interpolation.

a) Original, error-free
picture.

that the packetlosss are centralised to the whde base layer
ard nd only for P and Bdices As @n be seen the Socer
sequence provides the best results for the interpolation, beating
the compgitors by 3-4 dBs The main reason for the siperiority
of Soccer s that it contans lots of motion both from the camera
as vell as thecortents d the udeo with moving djeds and
changing texturesin the surroundings.

Figure 7 shows thesimilar results from frame copy Agan, in
order to reach a beter repgicate from an acud real-time
trangmission environmert, the interpdation method wa ued
for |-pictures in @seary missing slices exist for thesetypes of
pictures. Smilarly as in the irtempdation, all the dagrams
deaease quite lineady as tle pa&et loss rato increases This
time the Hall sequace proides the ked resilts and works
very well for this video sequence. Even tie 10% loss raio will
na drop the arerage PSNR urder 30 dB, unde the imit of
accetable quality.

4.2 Evaluation of spatial enhancement layer
utilisation

Figure 8 repeerts tke simuation results from the spaial
enhanement layer uilisaion process Since maaoblock copy
is performed b dl P-dicesas well as inter-aded blocks in B-
slices, the Hall sequene provides agan the best reaults. All the
awerage PINR valuvesfor dl threesequence remain over 30dB
at the 8% packeloss rate, whch was classfied asthe loweg
limit for gaod video quality.

The effect of usng higher reslution both n the lase layer
(CIF) as well asin the enhancenent layer (4CIF) can beseenin
Figure 9 which shows n (a) the difference when usng GOP
sizes 8 and 16, whch is aproximaely 1 dB. Furthernore, as
can ke e from (b a higher baselayer has appoximatelya 1
2 dB improvement for the aveege PSNR conpared to the
tradtiond QCIF-CIF caegpry.

Figure 10 showshe simuation reailts both with GOP sizes 8
and 16 betwee the three mplemented mehods. As @n be
sea, the GCP size has aproximately a 0.5 d@ impad on the

resuts coneming espedally the Foreman sequence.
Interpdation gves tle worst reaults while enhanceent layer

utilisaion is the hkeg tedinique The difererce between
interpdation and the utilisaton process isup to 4 dB, which is

quite significant. Compeson between the ili sation and frame

copy brings a 1-2 dB improvemert, which is qute rational

since the enhanemert layer utilisation usesmaaoblock copy to

inter-coded macrobloclks.

.
N

c) Frame copy. d) Spatial EL utilization.

Figure 6. Reconstructed PSNR values: a) 38.2 dB, b) 21.5dB, c) 23.0 dB and d) 26.6 dB.
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Interpolation, GOP 8 Frame copy, GOP 8
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Figure 7. Simulation results of the traditional methods with GOP size 8.
Utilising spatial enhancement layer, GOP 8
T
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Figure 8. Simulation results of spatial enhancement layer utilisation using GOP size 8.
EL utilisation with bigger base layer resolution Soccer sequence, the effect of resolution change, GOP 16
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Figure 9. Simulation results of the enhancement layer utilisation with larger resolutions.
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Comparison between the implemented methods, GOP 8
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Comparison between the implemented methods, GOP 16
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Figure 10. Comparison between the implemented methods with Foreman.

5. CONCLUSION

This paper suded saable video codingin wireles paclet-
switched networks focuing on gatio-tempord error
concalment techriques The paper introduced three eror
corcealment method: pixel-value interpolation, frame c@y and
spatal erhanement laye utilisation, which al were
implemented to the J&M 9.15 refrence mdec Frame wpy
utilises tempordly ealier or later picture data wheress
interpdation ard spaial enhancmert layer utilisation uses the
awvailable pcture dda from the arrert frame. All the padet
lossesin the smulations were redricted to the baselayer.

All the tegs were performedwith both GOP $zes 8and 16.The
simuation reaults irdicate tha the GOP lengh does rot hawe a
particularly large effect on the reaults. The spatial erhancenent
layer utilisaion provides thebeg video quality compared to the
tradtiond methods The aerage differexce between the
enhancement layer utilisation and frame copy was 2 dB. The
resuts ae beter alo from a \sual viewpoint and the
campaison with individual pictures can improve the image
quality even4 dB.
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