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ABSTRACT for TS 102 005 envisage the support of SVC forgmaission

The Scalable Video Coding (SVC) amendment of Hazgz/ Systems based on the MPEG-2 Transport Stream and th
provides benefits for a variety of video applicatio One Internet Protocol. Depending on the applicationabédjties

particular interesting application area is the baerd- the Scalable Baseline or Scalable High profileuigprted.

compatible format enhancement in video broadcake
coding efficiency in broadcast applications is usubimited
due to a frequent insertion of random access polntshis
paper, we show that the coding efficiency for Swadicast
can be improved by increasing the interval between
hancement layer random access points. With thedot-
tion of adequate constraints for random accesstpand a
minor adjustment of the decoding process at a chlnn
change, this improvement can be achieved withoytiemn
pact on the channel change delay. In our experimehe
coding efficiency for spatial scalable coding beeawirtu-
ally identical to that of single-layer coding whitgoviding
the same channel change delay characteristics.

1 INTRODUCTION

The SVC amendment [1] of H.264/AVC [2] provides -net
work-friendly scalability allowing partial transnsien and
decoding of bit streams. Temporal scalability can diffi-
ciently provided using hierarchical prediction stures [3]
and did not require any changes to H.264/AVC. @paid
quality scalability are supported via a layered icgdap-
proach. Experimental investigations as the subjec8VC
verifications test [4][5] carried out by MPEG shailvthat
the SVC design is capable of providing spatial guodlity
scalability at the cost of a bit rate increase loéld 10%
relative to single-layer H.264/AVC coding. The sdality
features, the design consistency, the low complexiter-
head, and the low coding efficiency degradationampari-
son to single-layer H.264/AVC coding make SVC anpiss
ing candidate for a variety of video applications.

One particular interesting application area is lhek-
ward-compatible format enhancement in video brostdca
Already deployed (single-layer) receivers can dgitode the
backward-compatible SVC base layer which is detigiein
the existing video format, while newly deployed SV&
ceivers are capable of decoding the new enhanageb vi
format. Targeting this application area, the Digiédeo
Broadcasting (DVB) consortium has recently extended
specification TS 101 154 [6] to support SVC andugently
working on a corresponding extension of the speatifin
TS 102 005 [7]. The new version of TS 101 154 &eddraft
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7 The Scalable High profile is supported up to Lek&l
which enables the introduction of the improved YRU60

HDTYV format while retaining full compatibility witlexisting
720p50/60 or 1080i25/30 HDTV receivers. For mobile
DVB-H applications, a VGA service could be introddcin
addition to today's QVGA services.

In broadcast video services, so-called Random Acces
Points (RAPSs), i.e., pictures at which a decoderstart de-
coding the bit stream, must be provided in regul@rvals in
order to ensure an acceptable behaviour at chahaelges.
Since the picture of a RAP must be usually intrdecbwith-
out prediction from previously transmitted pictyréss fre-
guent provision of RAPs usually limits the codirfficgency.

In this paper we will show that an increase of ithterval
between enhancement layer RAPs can improve thengodi
efficiency for SVC broadcast without any impact tire
channel change delay. The proposed approach hasifee
cluded in TS 101 154 as an informative Annex.

An overview of the general concept is given in tiest
section. Sec. 3 introduces constraints for RAPSSWC
broadcast bit streams that allow starting the degodf an
SVC hit stream at any base or enhancement layer \R#&P
only a minor adjustment of the decoding processchvis
described in Sec. 4. Experimental results demdirgiréhe
achievable coding efficiency gains are present&emn 5.

2. OVERVIEW

In single-layer H.264/AVC coding, random accesaligays
enabled at IDR (Instantaneous Decoding Refreshiineis,
which basically reset the decoder status. Howea;|IDR

intra pictures with additional constraints are diguauffi-

cient and the frequent insertion of IDR picturesrdases
the coding efficiency for high-delay prediction usttures.
This issue, which is similar to the well-known op8@P /
closed GOP problem for MPEG-2 Video [8], is briedlis-

cussed on the basis of Figure 1. When inserting pigRires
as RAPs as shown in Figure 1(a), the sequencectfrps
consisting of the IDR RAP (black box) and all feling

pictures in decoding order (shaded boxes) can bedeel
independently of all pictures that precede the RAfecod-
ing order (white boxes). However, the relative nembf bi-
directionally predicted pictures is reduced and ¢being



efficiency is degraded. Additionally, temporal btog ef-
fects may be visible due to the break in the ptetdiachain.
By using non-IDR intra pictures as RAPs as illusitain
Figure 1(b), this coding efficiency loss is avoidgdth the
constraint that all pictures that succeed the RABLtput
order must not reference any picture that precdtefRAP
in output order for inter prediction, the RAP (lKdmwx) and
all pictures that succeed the RAP in output orcdaded
boxes) can be decoded independently of all picttinas
precede the RAP in decoding order (white boxes)efVh
accessing the bit stream at such a RAP, the p&theg suc-
ceed the RAP in decoding but precede it in outpdeio
(grey boxes) cannot be decoded and are ignored.
IDR

(a)0324165781110129

Intra
RAP,

HiH

(b)0324l76851110129

Figure 1 - Random access points in coding structures hvigttar-
chical B pictures: (a) using IDR pictures, (b) gsimon-IDR intra
pictures. The pictures are depicted in output grtfex numbers
below the pictures indicate the decoding order.

H.264/AVC provides the recovery point SEI message f
signalling RAPs, where it is also possible to sfyettiat the
recovery point (i.e., the picture for which thetpie itself
and all following pictures in output order are eutror ap-
proximately correct) is different from the RAP. Nhanisms
for RAP signalization are also supported in transpooto-
cols such as MPEG-2 Systems [9]. In the followiegatip-
tion, we will concentrate on the case that RAPSrara pic-
tures and represent recovery points, since thisften re-
quired in broadcast applications (cp. TS 101 154).

The common approach for providing RAPs in SVC

broadcast bit streams is to regularly insert pasuor which
all layer pictures are intra coded (the enhancenagst pic-
tures can still use inter-layer intra predictiomdaepresent
recovery points as described above. This ensugsthie
channel change delay characteristic is basicadlysdme for
all layers. However, the concept of generalized Iiéures
in SVC [10] can be extended to RAPs. With the S\éSigh
it is possible to insert RAPs for different layatsdifferent
time instances. The decoding of a particular |lager only be
started at a RAP for this layer. For a picture tharesents a
RAP for a particular layer, the corresponding lagpeture
must be intra-coded, but all other layer picturas be inter-
coded using previous pictures as references, whabkases
the coding efficiency for these layers.

Since all layers in an SVC bit stream representstime
content and the decoding of this content can bécdlhs
started at any base or enhancement layer RAPntaesals
between RAPs for the enhancement layer could reased
relative to the intervals between base layer RABR# usu-
ally improves the enhancement layer coding efficjesince

830

more enhancement layer pictures can be inter-cduledit
does not necessarily increase the channel charigg fie
enhancement layer decoders. The decoding can dither
normally started at an enhancement layer RAP oarit be
started at a base layer RAP. In the latter casedétoder
would start the decoding of the base layer andchviit the
enhancement layer at the next enhancement layer RAP
order to ensure a seamless video playback, theddddmase
layer pictures are upsampled to the enhancemeet fay-
mat. The only drawback of this approach is thatuer may
see a quality change in the displayed video atpthiat of
layer switching. But when the interval between eweanent
layer RAPs is kept reasonably small, this qualttarge is
usually not disturbing, since it appears in theetiperiod
after the channel change in which the users eyestdjo the
new video content. In Sec. 4 we will highlight agibility to
further reduce the visibility of such quality chasg

3. SVC RANDOM ACCESSPOINTS

When all RAPs provided in an SVC bit stream repmese
IDR pictures, the potentially required switchingrfr base to
enhancement layer decoding after random accegsight-
forward; the IDR picture generalization in SVC [1@hs
particularly designed for such a layer switchingr Ron-
IDR RAPs, the switching from a lower to a highgrdacan
be more complicated due to interdependencies bathase
and enhancement layer coding. This can be illedrasing
the simple example in Figure 1(b) and assumingaalayer
SVC bit stream with the same coding structure iseband
enhancement layer. When we switch from base torexha
ment layer coding at the depicted RAP (black bwe),can-
not decode the enhancement layer representatiorteeof
pictures that follow the enhancement layer RAPdnadiing
order but precede it in output order (grey boxesg do
missing references for inter prediction. In orderenable
seamless video playback, we have to decode theldgse
representations for these pictures. But these logse rep-
resentations depend on the base layer representitithe
enhancement layer RAP, for which we would have do d
code both base and enhancement layer. For morelicomp
cated prediction structures, it may be even necgs$sade-
code and store base and enhancement layer remimest
for more than one picture, which would significgnth-
crease the decoder complexity and the memory rexeint.
In order to enable a seamless switching betweea bas
and enhancement layer with a negligible increasietoder
complexity, we introduce the following constraints:

1. When a picture represents a RAP for a particulgr|a
the layer picture for this layer must be intra-ahde
Enhancement layers of pictures that follow a RAP in
output order must not reference any picture that pr
cedes the RAP in output order through inter préatict
Pictures that succeed a RAP in output order sbalba
transmitted before the RAP or any picture that gies
the RAP in output order.

4. When a picture represents a RAP for a particulger)a
it must also represent a RAP for all lower layers.
5. Each RAP must have temporal_id equal to 0.

2.
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Figure 2 — Example for the random access witlicivig from base to enhancement layer in a codnugtsire with hierarchical B pieres
The pictures are depicted in output order; the rarmbelow the pictures indicate the decoding order.

On the one hand, these constraints allow startingdecod- a. For the enhancement layer RAP, decode both the
ing of an SVC bit stream at an arbitrary RAP, idahg the base and enhancement layer representation. The
switching from a lower to a higher layer, with aglgible base layer representation is normally stored in the
decoder complexity overhead. And on the other hémely DPB, while the enhancement layer representation
still allow employing high efficient prediction strtures such is stored in a temporary buffer outside of the DPB.
as hierarchical B pictures [3], which have beervenoto be b. Decode the base layer representations for all pic-
the most efficient known coding structure for higglay ap- tures that follow the enhancement layer RAP in
plications. In comparison to the usual RAP constsafor decoding order, but precede it in output order.

broadcast (cp. Sec. 2) we have tightened condXiamhich
now completely forbids inter prediction across RAPsrder reference” and insert the temporary stored en-
to ensure that for each picture, except the RARhth the h ] tati P th yDPB

layer switching is done, only a single represeotalias to be ancement layer representation in the :
decoded and stored. Condition 3 ensures that tmddecan 4. Continue the enhancement layer decoding as spcifie
switch between base and enhancement layer decatling in the standard for all pictures that follow thehance-
single well-defined point, which is important besawa mul- ment layer RAP in both decoding and output order.

tiple switching would require the operation of tecoded | addition, for all pictures for which only thedsalayer rep-
picture buffers. Condition 4 targets a furthernieson of the  resentation is decoded, this representation isnupisal to
decoder complexity overhead. Since the intra maeesb in  the enhancement layer video format before disptgytirin

the lower layer have to be decoded anyway for dag#r  order to ensure a seamless video playback.

prediction of the enhancement layer, the overhendédcod- The process of accessing an SVC bit stream at @ bas
ing the lower layer representation of the RAP igligible.  |ayer RAP is further explained based on the exanple
Finally, condition 5 was introduced for ensuringtththe Figure 2, which shows a two-layer SVC bit strearingis
same RAPs are available for all temporal sub-stsethat are  hjerarchical B pictures with 3 dyadic temporal leveThe
present in a scalable bit stream. RAPs, which are all non-IDR intra pictures, arerespnted

by black boxes and non-decoded representationsepre-
4. DECODING PROCESSAT RANDOM ACCESS sented by grey boxes. The first picture that igiresd after a

In the following, we describe the modification betdecod- channel change is picture 0. This picture and dtieviing
ing process at random access. For keeping theipigser ~ Pictures 1 to 3 don't represent RAPs and are cdefplg-
simple, we restrict it to spatial scalable codinighva base hored. The decoding process starts with pictureviich
and a single enhancement layer. A more generalfigaec "ePresents a base layer RAP. The follow!ng pictbres7 are
tion can be found in Annex G of TS 101 154 [6]. ignored, since they precede the RAP in output oftlee
After a channel change, an SVC receiver startthe base layer decoding is normally continued with yries 8
coding of the SVC bit stream at the first RAP iteiwes. If 10 11 until the first enhancement layer RAP in ymet12 is
this RAP is an enhancement layer RAP, the deccstants as received. For thl_s picture both the base and erdna«_ant
specified in the standard [2] and no further adjestts are !ayer representation is decoded. Th_e base laysrgeptation
required. If however, the first received RAP repres only a IS normally inserted in the DPB, while the enhaneentayer
base layer RAP, the start of the decoding prodessic pro-  'epresentation is stored in a temporary buffer.tRerfollow-

ceed as specified in the following ordered steps: ing pictures 13 to 15 that precede the enhancefagat

. RAP in output order, the normal base layer decodnogess
1. Decode "."” ba;e layer representations of the RAP s continued. Then, the decoding process switatees base
all following pictures that precede the next enleanc

X . to enhancement layer decoding. All base layer semita-
ment layer RAP in decoding order. tions in the DPB are marked as "unused for refereaod
2. If the enhancement layer RAP represents an IDR pighe temporary stored enhancement layer represamtédr
ture for the enhancement layer, the enhancemeet laypicture 12 is inserted in the DPB. Now, the norerahance-
representation is decoded and inserted in the éecodment layer decoding process as specified in thedatd is
picture buffer (DPB) as specified in the standard. continued starting with picture 16. For the pictse 8 to 12,

3. If the enhancement layer RAP does not represent aand 15 to 17, the decoded base layer represergatienup-
IDR picture for the enhancement layer, the follogvin sampled to the enhancement layer video format edfary
ordered steps are performed: are displayed.

c. Mark all base layer representations as "unused for
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Figure 3 — Simulation results comparing the cgdifficiency of the different configurations foetiCity test sequence.

It should be noted again that the additional deapaif
the base layer representation for the switchingtpgicture
12 in the example) does not increase the decodepleaity,
since the base layer representation is completéig-coded
(cp. condition 4 in Sec. 3) and the reconstruatée imacro-
blocks are required anyway for inter-layer predictdf the
enhancement layer pictures. The only minor drawlmthkat
we need an additional frame store for temporatyirsg the
enhancement layer reconstruction of the switchoigtp

The switch between base and enhancement layetyqual
always occurs at a single point in output ordee ffitst re-
ceived enhancement layer RAP). When keeping thesviait

the SVC bit streams we additionally employed thdtimu
layer encoding concept presented in [11] in ordelistribute
the coding efficiency losses relative to singleslagoding
between base and enhancement layer. The quantizadio
rameters (QP) were set constant for each encoderd no
rate control algorithm was employed. In order tdaob a
reasonable bit rate distribution between base amdree-
ment layer, the enhancement layer QP was set dqual
QPR:+4 with QR representing the base layer QP. We run
simulations for 6 sequences with a resolution d0k704
luma samples and a frame rate of 50 Hz (similatht®
720p50 format). The base layer was encoded withsalu-

between enhancement layer RAPs reasonable small, thion of 640x352 luma samples and the same framse rat

quality change is usually not disturbing, sincedturs in the
time period after channel switching in which thensseye is
still adjusting to the new video content.

The visibility of the quality change can further be
duced by applying a time-varying low-pass filterefdre
display) to the first pictures for which the enhament layer
representation is displayed. The cut-off frequenicihe low-
pass filter is continuously increased in outputeardror the
example in Figure 2, this would mean that we lowspiiter
the reconstructed picture 12 with a cut-off frequyethat is
selected according to the ratio between the badeean
hancement layer picture sizes. For the followingfupes in
output order (i.e., pictures 18, 17, 19, 16, etih cut-off
frequency is continuously increased until the echarent
layer pictures are displayed without the low-pdsaring.

5. EXPERIMENTAL RESULTS

For demonstrating the effectiveness of proposedoagp of
increasing the interval between enhancement lapésRwe
compared it to the common method of providing baise
enhancement layer access point in the same reigtéavals
as well as to single-layer H.264/AVC coding. Foe tBVC
configurations we used the Scalable High profiléhwane
enhancement layer. The single-layer references waded
conforming to the High profile. We used the samdirng
structure with hierarchical B pictures and 4 dyadimporal
levels (GOP size of 8) for all configurations. Alhcoding
runs including the single-layer runs were performsithg the
same software (based on the JSVM reference software
sion 8.5) and a similar degree of encoder optiritinat For
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Only the first picture of each sequence was coded a
IDR picture; all other RAPs were encoded as non-iBtRa
pictures. In the single-layer configuration, RAPsrev in-
serted every 24 pictures (i.e., about every halbisd). For
SVC, two different RAP configurations were used.tihe
first configuration, which represents the commorihoé for
providing random access points, RAPs for base and e
hancement layer were inserted every 24 pictures dke
single-layer configuration. In the second configiorg
which represents the proposed approach, base RAES
were again inserted every 24 pictures, but enhaectelayer
RAPs were inserted only every 120 pictures (ilsouaevery
2.5 seconds). It should be noted that all bit stseare asso-
ciated with the same channel change delay chaistitter
assuming that SVC receivers use a decoding pratedar
to the one described in Sec. 4.

As an example, the obtained rate-distortion cufees
the City sequence are shown in Figure 3. It casdsm that
the base layer coding efficiency for both SVC cguafations
is virtually the same and very close to that ofglrayer
coding. For the enhancement layer, the codingieffiy of
SVC could be significantly increased by enlargihg inter-
val between enhancement layer RAPs and it actbattame
even slightly better than that of single-layer HUZV/C cod-
ing while providing the same channel change delay.

A similar behaviour was observed for all tested se-
guences. The modification of the enhancement |&&P
interval doesn't have any noticeable impact orbtse layer
coding efficiency (a very small influence is a cemsence of
the multi-layer encoder control [11]); the averagt over-
head for the base layer in comparison to singlerlapding



was about 1 to 5 %. The average results for tharer@ment
layer coding are summarized in Table 1. The prapdse
crease of the enhancement layer RAP interval sesubh bit
rate saving of about 10 % for the enhancement lesaiu-
tion relative to the common approach of providingFR in

SVC broadcast bit streams. This rate saving leaah toverall
coding efficiency for SVC broadcast bit streamg thavirtu-

ally identical to that of single-layer H.264/AVC ding with

the same channel change delay.

Table 1 — Summary of experimental results.

bit rate overhead of SVC | bit rate saving

test sequence relative to single-layer coding with increased
RAP 0.5s | 0.55RAP 0.5s | 2.55 RAP interval
Aloha Wave 9.6 % 0.6 % -9.0%
Big Ships 6.9 % -0.6 % -75%

City 8.7% -35% -12.2 %

Dancer 9.8 % 7.6 % -22%
Old Town Pan 15.7 % -7.8% -23.4%
Sailormen 6.2 % 1.8% -4.5 %
average 9.5% -0.3% -9.8 %

In order to test the effect of applying a time-wagylow-
pass filter after a switch to enhancement layelinghdwe
simulated a low-pass filter with adjustable cutifoéfquency
by the following approach. A decoded enhancemeygrla
picture is downsampled (using the non-normative NSV
downsampling filter) to an intermediate resolutiohAxB
luma samples and this version is then upsampléuktorigi-
nal enhancement layer resolution (using the SV@mpsing
filter). The strength of the resulting low-passefilis deter-
mined by the intermediate resolution. The time-irarjow-
pass filter was simulated by linearly increasing ithterme-
diate resolution from the base to the enhanceragat reso-
lution over a certain period of time after a swifobm base
to enhancement layer coding. Informal tests shavatithe
quality change at a switching point becomes nearligible
when the transition period is about one secondaggel.
Figure 4 illustrates the effect of the low-pastefihg on the
PSNR of the displayed pictures after a channel gdafihe
transition interval was set equal to 1 second.

PSNR after random access (worst case for City)

41 T T T
__ 40 |- { —without low-pass filtered transition | - - - — — - L - - — — — — —
% 39 | 1 —with transition interval of 1 second
o 38 !
5 |
237t |
‘236 !
B 35 [ - - Switchingpoint —-—fr---—[*--N--------
& 34 between base and d i .
2 x| enhancement End of transition
S layer decoding (after 50 frames,
‘S 32 1 second)
x 31 R
G 30 | |
& 29 | !

28 . .

0 50 100 150 200

frame number after random access

Figure 4— Example for illustrating the impact of the lpass
filtering on the PSNR of the displayed picturegafandom access
with a switching from base to enhancement layeodieg.
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6. CONCLUSION

It was shown that the coding efficiency of SVC lutoast bit
streams can be significantly improved by increashwgin-
terval between enhancement layer RAPs. With thrednit-
tion of suitable constraints for RAPs in SVC braastchit
stream, this coding efficiency improvement dodsaite any
impact on the channel change characteristics aed de
quire only a minor adjustment of the decoding psscat
random access. The decoding complexity is basiazity
increased, but one additional frame store is needéd
though a quality change might occur in the dispiayieleo
just after channel change, we found that this guahange
is generally not disturbing when the interval bedween-
hancement layer RAPs is kept reasonably small aad w
highlighted an approach for further reducing ttifea. Our
experimental results indicate that two-layer spatialabil-
ity in broadcast applications could be providediigiially
the same bit rate that would be required for sihayer cod-
ing of the enhancement layer resolution without aogn-
promise in reconstruction quality or channel chadgjay.
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