METHODS TO IMPROVE CODING EFFICIENCY OF SP FRAMES

Wai-tian Tan, Bo Shen

Mobile andMedia Systemd_ab, Hewlett PackardLaboratories

ABSTRACT

SP-framas anew picturetypesupportedy H.264,andsupports
functionssuchasrate-switchingandrandom-accessin this paper
we investicate several complementarynethodso improve the cod-
ing ef ciency of SP-framesWe shaw thatby appropriately}choosing
referencepictures,the size of secondansP framescanbereduced
by upto 40%and2% for random-accesandrate-switchingrespec-
tively. We alsodemonstratéhata simplerule exists thatallows the
joint selectionof the two quantizationparametersassociatedvith
SPframesto minimize “requantization’error Resultsshavs0.1dB
PSNRimprovementover comparablehoices.

Index Terms— videocoding,quantization

1. INTRODUCTION

The SP-frameis a new picturetypein H.264. Therearetwo
typesof SPframes: primary and secondary An exampleis
shavn in Figure 1, where the reconstructedicture of the
primary SP frame can be perfectlyreconstructedy a sec-
ondarySP frame SSR even when SSPhasa differentrefer
enceframe. Readersnterestedn learninghow suchproper
tiesareachiezedareencouragedo read[1].
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Fig. 1. A secondansPframe(SSP)canperfectlyreconstruct
A, the reconstructedrame of A, from B,_;. The frame
A} hasto becodedasa primary SPframe.

Therearetwo importantapplicationghatbene t from SP-
framesnamely:

2 rate-swithing, whereasinglecontentis compressedt
two-differentbit-rates andSP-framesireusedto allow
switching from the high-rateto the low-rate streams,
andvice versa.

2 random-accessvhereSP-framesreusedo allow skip-
ping of frameswithin a singlestream.

Traditionally intra-framesareemployedfor bothapplications
above. For example,it is typical for DVD to contain3 intra

framesper secondo facilitaterandom-accesdNevertheless,
for mary lower bit-rateapplicationsit is impracticalto insert
large amountsof intra frames. The relatively smallersizes
of SPframesthereforemale it a suitablecandidatefor the
applicationsabove.

In this paper we presentmethodsto improve coding ef-
ciencies of SPframes. To this end, we partition our study
into two relatedparts. The rst partis coveredin Section2,
andrelatego choosingappropriateeferencdramesfor mode
decisionand motion compensatiorduring encodingof sec-
ondarySPframes. The secondpartis coveredin Section3,
andrelatesto the joint selectionof the two quantizationpa-
rametersQP andQ, thatareassociateavith theencodingof
SPframes. Speci cally, we shav thatthereis a de nite ad-
vantagen choosingQ; = QP j 6 comparedo itsimmediate
neighborhood.Evaluationof our proposednethodsis then
presentedn Section4, followedby a summaryin Section5.

2. REDUCING SIZE OF SECONDARY SPFRAMES

The basic relationshipbetweenprimary and secondarySP
framesis shavn in Figure1. Generally thereare encoding
parametershatjointly affectthe compressedizesof the pri-
mary and secondarySP frames. It is outsidethe scopeof
this paperto considerthe joint encodingof primary andsec-
ondarySPframes. We note, neverthelessthat after the pri-
mary SP frameis produced,a secondarnSP frame mustbe
codedto matchan exacttarget frame basedon an exact ref-
erenceframe. Speci cally, in the exampleof Figure 1, SSP
must perfectly reconstructsf;, from B,_;. Therecan be
no rate-distortiontrade-of, andit is desirableto useasfew
bits in SSPas possible. We will next describea schemeto
achieve smallercompressedizesfor secondarySP frames,
givenprimary SPframes.It is basednimproved methodgo
determinethe codingmodeandmotion vectorswhencoding
secondansPframes.

In the notationof Figure 1, a conventionalimplementa-
tion for computingthe codingmodesandmotion vectorsfor
the secondarySP frame (SSB is basedon using B,_; and
B asthereferenceandtarmgetframes respectiely. We write
modeB‘k_l, Br), mv(B\k_l, B1), andwe call suchstratgy
baseline Oneadwantageof baselineis that the two quanti-
tiesabove arefree by-productsvhencompressingrameB .
However, baselineis a compromisesincethe purposeof SSP



isto reconstrucf, ratherthanB ;.. Thealternatve schemeo

yield bettercompressiorperformancewhich we call recon

avoidsthereuseof codingmodesandmotionvectors.Instead,
theactualtamget A, is usedasa tamgetframefor determining
codingmodesmodeB_1, Ax) andmotionvectormv®_,

A,), Clearly, the sizereductionachieved by reconover base-
line for SSPdependsn the similarity betweenA,, andB .

As we shallseelaterin Sectiord4, for rate-swithing applica-
tion, whereA; andB correspondo the samevideoframe,
the differencebetweend ;. andB, is small,andthustheim-

provementof reconover baselineis mamginal. For random-
accessapplicationhowever, A, andB, correspondo differ-

ent framesin the samevideo, and can be signi cantly dif-

ferent. Undersuchcasesreconcansigni cantly outperform
baseline

3. SELECTION OF Qg

We now investigatethe impactof the selectionof Q, on the
codingef ciency of the SPframes. H.264 (and mary other
compressiostandardsiisesuniformscalarquantizerfor quan-
tization. A uniform scalarquantizerQ canbe modeledas
follows. Giveninputx, qua\_ntizatiorIPutputq is producedas
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sign(x) L+ ;
0; otherwise

a= Q(x) = 1)
wheres is the quantizerstepsize,and" controlsthe size of
the deadzone The deadzoneontrol factor" is often within
[0,1/2].
The encodingof SP framesinvolves a requantiz ation
process. Speci cally, coefcients are rst quantizedwith a
rst quantizer(generallydecidedby stepsizes;, anddead-
zonefactor" ), reconstructeédndsubsequentlguantizedoy
asecondquantizer(ss, "»).
Fortherequantizatioprocessyefocusonthemorecom-
moncasewhens, > s;. Thatis, a ner quantizingis carried
out followed by a coarsemuantizing. This casematcheghe
encodingof primary SPframes[1], in which s; ands, are
thequantizatiorstepsizecorrespondingo Q, andQPrespec-
tively. With minorlossof generalitywe canwrite " | = 1=ey,
and", = 1=e,, wheree; ande, arepositive integers.
Clearly the quantizatiorerrorthroughthe requantization
procesds mostly decidedby the coarsemuantizer But, the
quantizationerror can be differenthadthe rst quantization
nothappeneddirectquantization, eventhoughit usesa ner
stepsize. Therefore we wantto evaluatethe requantization
error which is de ned asthe differencebetweenthe results
from the directquantizationby s,) andtherequantization.
Observingthat when the boundariesof the quantization
bins of the secondquantizerperfectly align with that of the
rst quantizer the requantizatiorproducesidentical results
asdirect quantization. Throughcareful derivation basedon
this simpleobsenation, we outline below the conditionsthat
leadto the zerorequantizatiorerror.

| "1 | r | exampler |
0 ok 6,12,...
1/6 | 6k+ 1| 1,7,13,...
1/4 — -
1/3 | 6k+ 2 | 2,8,14,...
1/2 | 6k+ 3 | 3,9,15,...

Table 1. Examplestepsizeratiothatleadsto zerorequanterror
when", = 1=6.

For a rst quantizerwith deadzoneontrolling factor"
andstepsizes; anda secondquantizerwith deadzoneon-
trolling factor", andstepsizes,, thereis zerorequantization
errorif andonly if bothof thefollowing aretrue:

€

S2
r= —==ek+ —= 2
s, - 2Kt o 2
for somenon-ngative integerk, and
& is aninteger 3
€

For therestof our discussionye will assumé 5 to be1/6
(e; = 6), thesuggestedaluefor inter modein theH.264 en-
coderimplementatior{2]. Tablel lists someexamplevalues
thatachieveszerorequantizatiorerror From(2) and(3), we
know thatr hasto beaninteger When"; = 1=4, e;=¢ =
6/4 is notaninteger, andzerorequantizatiorerror cannotbe
achieved. We evaluatethe casesvhen"”; = 1=3, in which
zerorequanterroris achizzedwhenr = 2, Accordingto the
gquantizationschemespeci edin H.264[3], r = 2 indicates
the differencebetweenquantizationparameter®), and QP
is 6. We will verify this in the experimentsection,whereit
shaows thatfor thesespecialcaseswe canget 0.1dB gainin
PSNRwhenusingQ,=QP; 6 thanothervaluesaroundit.

Theimplication of this discovery is asfollows. Whenwe
have to choosecertainQ for encodingSP frames,careful
selectionof the quantizers'deadzonesize and quantization
parametersvouldyield betterrate-distortiortradeof thanthe
pointsaroundit. Beingawareof thisfactallows betterdesign
of theoverall encodingsystem.

4. EXPERIMENT AND RESULTS

Five QCIF video sequencesat 10 framesper secondand 10
secondgduration are usedfor evaluation purposes:Akiyo,

Foreman(fore), Mobile Calendafmob), MotherandDaugh-
ter (mom), and Sean.We usethe JM-10.1modi ed by Eric
Settonat StanfordUniversity for productionof primary and
secondansPframes.

4.1. Selectionof reference

Focusingontwo mainapplicationsf SPframes namelyran-
domseekingandbit rateswitching,we investicatethe coding



efciency of SSPframesbasedon our proposedselectionof
references.

Compare recon and baselinefor random-access For the
random-accesapplication,we codea primary SPframeev-

ery6 frames andwe producesecondangPframesthat“skips
over” 2 frames.In thecontet of Figurel,wehave A; =B, _».

We performtwo experiments.In the rst, all P andprimary
SPframesareencodedisinga x ed QP of 25, andwe vary
the Qs parameterIn the secondwe x edQ, to be 18, and
vary the QP for all P andprimary SPframes. The reduction
in sizeof secondansPframesachiered by reconover base-
line is shavn in Figure2. We seethatsizereductionof about
15to 40% canbe achieved. Similar gainsarealsoachieved

whenwe “skip over” 4 framesinsteadof 2, i.e.,A; = B;_4.

The large gain highlightsthe importanceof usingthe proper
targetframefor modeandmotionestimationwhenthetarget
framesfor thetwo schemeganbe very different.
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Fig. 2. Sizereductionof secondarySP frame achieved by
reconover baseline

Compare recon and baselinefor rate-switding: We next
comparehereconandbaselineschemesor therate-switting
application,whereA; = B;. Eventhoughbasedon the same
sequenceA andB arecodedusingQP; andQPs, respec-
tively. We performtwo experiments.In the rst experiment,
we x ed QP; and Q, to be 20 and 17, respectiely. We
thenvary QP from 24 to 48. Theresultsareshowvn in Fig-
ure 3. We seethatonly a modestsizereductionof about1%
is achievableby reconover baseline This is dueto the simi-
larity of framesB , andA, in rate-switding application.

In the secondexperimentwe x edQP- i QP; tobe 10,
andvary QP;. The parameteQ, is setto QP; j 3. The

resultsare shawvn in Figure4. Again, only a gain of about
1%is obseredasnotedbefore.Furthermorewe noticedthat
thereis generallyhighergainasQP; increasesThisis dueto
thelargerdifferencebetweerB andA;, whenQP; (andthus
QP>) increasesThegainis modesthough,reachingslightly
over two percent.
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(b) Switchingfrom streamB (low-rate)to streamA.

Fig. 3. Sizereductionof secondarySP frame achiezed by
reconover baselinefor differentQP,. (QP;=20,Q, = 17).
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Fig. 4. Sizereductionof secondarySP frame achieved by
reconover baselindor differentQP;. (QP, =10+ QP4, and
Qs = Qpl i 3)
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4.2. Selectionof Q,

To evaluatetheeffectof Q selectioronthecodingef ciency
of SPframeswe have modi ed theJM codecouse"; = 1=3
andcarry out the SPframeencodingfor two differenttypes
of applications.

Bit rate switching: Consideringa bit rateswitchingapplica-
tion from a high rate (QP,=8) to a lower rate (QP>=20), we
investicatetherateanddistortionbehaior by selectingQ in
betweenQP; andQP-. Resultsfor threetestsequenceare
shavn in Figure5. PSNRis thesolid curve anddotedcurves
arethe averagebyte countperprimary SP(x) andsecondsSP
frame(+).

It is clearlyseenthatwhenQ, = QP> j 6, thatis, when
the stepsize correspondingo QP is twice that of Q,, we
obtaina PSNRhigherthanits both neighbors.For all three
sequenceshe PSNRIis 0.1-0.2dB higher

Note that the plots alsoreveal that it is not desirableto
selectQ, asQP, j 1toQPyj 3. ClearlywhenQ, = QPs,
thereis lessrequantizatiorerror, so Q, = QP- is a better
choice,justas Qs = QP, j 6 is a betterchoice,thanits
neighboringvalues.

Randomseeking Consideringadifferentapplicationin which
SP framesare producedfor randomseekingfor a sequence
codedwith QP = 24, we investigatethe rateanddistortion
featureby selectingQ, from QP j 12to QP. Again, the
resultsfor threetestsequenceareshavn in Figure6. Line
styleandmarler typefollow the sameasthatin Figure5.

In this randomseekingapplication,we alsoseethe peak

PSNReffectat Q, half the stepsizeof QP case(i.e.,Q, =
QP i 6 = 18). Thiseffectis moreobviousfor Mobile se-
gquence.Thereasorcanbethatatlow bit rate,morecomple
sequencegeadto morenon-zerocoefcients so thatthe re-
quantizationeffect is more pronounced. Again, theseplots
alsocon rm thatit is betterto chooseQ, = QP or Q, =
QP | 6thantheircorrespondingieighboringvalues.

5. SUMMARY

In this paperwe have presentedwo methodgo improve cod-
ing ef ciency of SPframes.First, by appropriatelychoosing
referenceframesfor modeselectionand motion compensa-
tion, we have showvn thatthe sizeof secondansPframescan
bereducedy upto 40%. Secondye have shovn thatit is ad-
visableto alwayschoos&Q, = QP or QP j 6duetosmaller
requantizatiorerrorsassociateavith thesechoicesjeadingto
0.1to 0.2dB gain over neighboringchoices.
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