
METHODS TO IMPROVE CODING EFFICIENCY OF SP FRAMES

Wai-tian Tan, Bo Shen

Mobile andMediaSystemsLab,Hewlett PackardLaboratories

ABSTRACT

SP-frameis anew picturetypesupportedby H.264,andsupports
functionssuchasrate-switchingandrandom-access.In this paper,
we investigateseveralcomplementarymethodsto improve thecod-
ing ef�ciency of SP-frames.Weshow thatby appropriatelychoosing
referencepictures,thesizeof secondarySPframescanbe reduced
by up to 40%and2%for random-accessandrate-switching,respec-
tively. We alsodemonstratethata simplerule exists thatallows the
joint selectionof the two quantizationparametersassociatedwith
SPframesto minimize“requantization”error. Resultsshows0.1dB
PSNRimprovementovercomparablechoices.

Index Terms— videocoding,quantization

1. INTRODUCTION

TheSP-frameis a new picturetype in H.264. Therearetwo
typesof SPframes:primary andsecondary. An exampleis
shown in Figure 1, where the reconstructedpicture of the
primary SP frame can be perfectly reconstructedby a sec-
ondarySPframeSSP, even whenSSPhasa different refer-
enceframe. Readersinterestedin learninghow suchproper-
tiesareachievedareencouragedto read[1].

Fig. 1. A secondarySPframe(SSP)canperfectlyreconstruct
Âk, the reconstructedframeof Ak, from B̂k−1. The frame
Ak hasto becodedasaprimarySPframe.

Therearetwo importantapplicationsthatbene�t from SP-
frames,namely:

² rate-switching, whereasinglecontentis compressedat
two-differentbit-rates,andSP-framesareusedto allow
switching from the high-rateto the low-rate streams,
andviceversa.

² random-access, whereSP-framesareusedtoallow skip-
pingof frameswithin asinglestream.

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

framespersecondto facilitaterandom-access.Nevertheless,
for many lowerbit-rateapplications,it is impracticalto insert
large amountsof intra frames. The relatively smallersizes
of SP framesthereforemake it a suitablecandidatefor the
applicationsabove.

In this paper, we presentmethodsto improve codingef-
�ciencies of SPframes. To this end,we partition our study
into two relatedparts. The �rst part is coveredin Section2,
andrelatesto choosingappropriatereferenceframesfor mode
decisionand motion compensationduring encodingof sec-
ondarySPframes. The secondpart is coveredin Section3,
andrelatesto the joint selectionof the two quantizationpa-
rameters,QP andQs thatareassociatedwith theencodingof
SPframes.Speci�cally, we show that thereis a de�nite ad-
vantagein choosingQs = QP ¡ 6 comparedto its immediate
neighborhood.Evaluationof our proposedmethodsis then
presentedin Section4, followedby asummaryin Section5.

2. REDUCING SIZE OF SECONDARY SPFRAMES

The basic relationshipbetweenprimary and secondarySP
framesis shown in Figure1. Generally, thereareencoding
parametersthatjointly affect thecompressedsizesof thepri-
mary and secondarySP frames. It is outsidethe scopeof
this paperto considerthe joint encodingof primaryandsec-
ondarySPframes. We note,nevertheless,that after the pri-
mary SPframeis produced,a secondarySPframemustbe
codedto matchan exact target framebasedon an exact ref-
erenceframe. Speci�cally, in the exampleof Figure1, SSP
must perfectly reconstructsÂk from B̂k−1. Therecan be
no rate-distortiontrade-off, andit is desirableto useasfew
bits in SSPaspossible. We will next describea schemeto
achieve smallercompressedsizesfor secondarySP frames,
givenprimarySPframes.It is basedon improvedmethodsto
determinethecodingmodeandmotionvectorswhencoding
secondarySPframes.

In the notationof Figure1, a conventionalimplementa-
tion for computingthecodingmodesandmotionvectorsfor
the secondarySP frame(SSP) is basedon using B̂k−1 and
Bk asthereferenceandtargetframes,respectively. We write
mode(̂Bk−1, Bk), mv(B̂k−1, Bk), andwe call suchstrategy
baseline. Oneadvantageof baselineis that the two quanti-
tiesabove arefreeby-productswhencompressingframeBk.
However, baselineis a compromisesincethepurposeof SSP



is to reconstructÂk ratherthanBk. Thealternativeschemeto
yield bettercompressionperformance,which we call recon,
avoidsthereuseof codingmodesandmotionvectors.Instead,
theactualtarget Âk is usedasa target framefor determining
codingmodesmode(̂Bk−1, Âk) andmotionvectormv(B̂k−1,
Âk), Clearly, thesizereductionachievedby reconover base-
line for SSPdependson the similarity betweenÂk andBk.
As we shallseelaterin Section4, for rate-switching applica-
tion, whereAk andBk correspondto thesamevideo frame,
thedifferencebetweenÂk andBk is small,andthusthe im-
provementof reconover baselineis marginal. For random-
accessapplicationhowever, Ak andBk correspondto differ-
ent framesin the samevideo, and can be signi�cantly dif-
ferent. Undersuchcases,reconcansigni�cantly outperform
baseline.

3. SELECTION OF QS

We now investigatethe impactof theselectionof Qs on the
codingef�ciency of the SPframes. H.264 (andmany other
compressionstandards)usesuniformscalarquantizerfor quan-
tization. A uniform scalarquantizerQ can be modeledas
follows. Giveninput x, quantizationoutputq is producedas

q = Q(x) =

(
sign(x)

j
|x|
s

+ "
k

; |x|
s

+ " > 0

0; otherwise
; (1)

wheres is the quantizerstepsize,and" controlsthe sizeof
the deadzone.The deadzonecontrol factor" is often within
[0,1/2].

The encodingof SP framesinvolves a r equantiz ation
process.Speci�cally, coef�cients are �rst quantizedwith a
�rst quantizer(generallydecidedby stepsizes1, anddead-
zonefactor"1), reconstructedandsubsequentlyquantizedby
asecondquantizer(s2, "2).

For therequantizationprocess,wefocusonthemorecom-
moncasewhens2 > s1. Thatis, a �ner quantizingis carried
out followedby a coarserquantizing.This casematchesthe
encodingof primary SPframes[1], in which s1 ands2 are
thequantizationstepsizecorrespondingto Qs andQPrespec-
tively. With minor lossof generality, wecanwrite " 1 = 1=e1,
and"2 = 1=e2, wheree1 ande2 arepositive integers.

Clearly, thequantizationerror throughtherequantization
processis mostly decidedby the coarserquantizer. But, the
quantizationerror canbe differenthadthe �rst quantization
nothappened(directquantization), eventhoughit usesa�ner
stepsize. Therefore,we want to evaluatethe requantization
error which is de�ned as the differencebetweenthe results
from thedirectquantization(by s2) andtherequantization.

Observingthat when the boundariesof the quantization
bins of the secondquantizerperfectlyalign with that of the
�rst quantizer, the requantizationproducesidentical results
asdirect quantization.Throughcarefulderivation basedon
this simpleobservation,we outlinebelow theconditionsthat
leadto thezerorequantizationerror.

"1 r exampler
0 6k 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, ...

Table1. Examplestepsizeratio thatleadsto zerorequanterror
when"2 = 1=6.

For a �rst quantizerwith deadzonecontrolling factor" 1

andstepsizes1 anda secondquantizerwith deadzonecon-
trolling factor"2 andstepsizes2, thereis zerorequantization
errorif andonly if bothof thefollowing aretrue:

r =
s2

s1

= e2k +
e2

e1

(2)

for somenon-negative integerk, and

e2

e1

is aninteger (3)

For therestof ourdiscussion,wewill assume" 2 to be1/6
(e2 = 6), thesuggestedvaluefor inter modein theH.264en-
coderimplementation[2]. Table1 lists someexamplevalues
thatachieveszerorequantizationerror. From(2) and(3), we
know that r hasto be an integer. When" 1 = 1=4, e2=e1 =
6/4 is not an integer, andzerorequantizationerrorcannotbe
achieved. We evaluatethe caseswhen" 1 = 1=3, in which
zerorequanterror is achievedwhenr = 2, Accordingto the
quantizationschemespeci�ed in H.264[3], r = 2 indicates
the differencebetweenquantizationparametersQs and QP
is 6. We will verify this in the experimentsection,whereit
shows thatfor thesespecialcases,we canget 0.1dB gain in
PSNRwhenusingQs=QP¡ 6 thanothervaluesaroundit.

Theimplicationof this discovery is asfollows. Whenwe
have to choosecertainQs for encodingSP frames,careful
selectionof the quantizers'deadzonesize and quantization
parameterswouldyield betterrate-distortiontradeoff thanthe
pointsaroundit. Beingawareof this factallowsbetterdesign
of theoverall encodingsystem.

4. EXPERIMENT AND RESULTS

Five QCIF video sequencesat 10 framesper secondand10
secondsdurationare usedfor evaluationpurposes:Akiyo,
Foreman(fore),Mobile Calendar(mob),MotherandDaugh-
ter (mom),andSean.We usethe JM-10.1modi�ed by Eric
Settonat StanfordUniversity for productionof primary and
secondarySPframes.

4.1. Selectionof reference

Focusingontwo mainapplicationsof SPframes,namelyran-
domseekingandbit rateswitching,we investigatethecoding



ef�ciency of SSPframesbasedon our proposedselectionof
references.

Compare recon and baselinefor random-access: For the
random-accessapplication,we codea primarySPframeev-
ery6 frames,andweproducesecondarySPframesthat“skips
over” 2 frames.In thecontext of Figure1,wehaveA i = B i−2.
We performtwo experiments.In the �rst, all P andprimary
SPframesareencodedusinga �x ed QP of 25, andwe vary
the Qs parameter. In the second,we �x ed Qs to be 18, and
vary theQPfor all P andprimarySPframes.Thereduction
in sizeof secondarySPframesachievedby reconover base-
line is shown in Figure2. We seethatsizereductionof about
15 to 40% canbe achieved. Similar gainsarealsoachieved
whenwe “skip over” 4 framesinsteadof 2, i.e., A i = B i−4.
The largegain highlightsthe importanceof usingtheproper
targetframefor modeandmotionestimation,whenthetarget
framesfor thetwo schemescanbeverydifferent.
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(b) FixedQs = 18

Fig. 2. Size reductionof secondarySP frame achieved by
reconoverbaseline.

Compare recon and baselinefor rate-switching: We next
comparethereconandbaselineschemesfor therate-switching
application,whereA i = B i. Eventhoughbasedon thesame
sequence,A andB arecodedusingQP1 andQP2, respec-
tively. We performtwo experiments.In the �rst experiment,
we �x ed QP1 and Qs to be 20 and 17, respectively. We
thenvary QP2 from 24 to 48. Theresultsareshown in Fig-
ure3. We seethatonly a modestsizereductionof about1%
is achievableby reconover baseline. This is dueto thesimi-
larity of framesBk andÂk in rate-switchingapplication.

In thesecondexperiment,we �x edQP2 ¡ QP1 to be10,
and vary QP1. The parameterQs is set to QP1 ¡ 3. The

resultsareshown in Figure4. Again, only a gain of about
1%is observedasnotedbefore.Furthermore,wenoticedthat
thereis generallyhighergainasQP1 increases.This is dueto
thelargerdifferencebetweenBk andÂk whenQP1 (andthus
QP2) increases.Thegain is modestthough,reachingslightly
over two percent.
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(a)Switchingfrom streamA (high-rate)to streamB .
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(b) Switchingfrom streamB (low-rate)to streamA.

Fig. 3. Size reductionof secondarySP frame achieved by
reconover baselinefor differentQP2. (QP1=20,Qs = 17).
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(a)Switchingfrom stream1 (high-rate)to stream2.
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(b) Switchingfrom stream2 (low-rate)to stream1.

Fig. 4. Size reductionof secondarySP frame achieved by
reconoverbaselinefor differentQP1. (QP2 = 10+ QP1, and
Qs = QP1 ¡ 3).
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(a)Mom.
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(b) Foreman
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(c) Mobile

Fig. 5. PSNR(solid)andthesizeof primary(x) andsecondary(+) SPframesfor Rateswitchingfrom QP1=8 to QP2=20.
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(c) Mobile

Fig. 6. PSNR(solid)andthesizeof primary(x) andsecondary(+) SPframesfor Randomseekingfor QP=24.

4.2. Selectionof Qs

To evaluatetheeffectof Qs selectiononthecodingef�ciency
of SPframes,wehavemodi�ed theJM codecto use" 1 = 1=3
andcarry out the SPframeencodingfor two differenttypes
of applications.

Bit rate switching: Consideringa bit rateswitchingapplica-
tion from a high rate(QP1=8) to a lower rate(QP2=20),we
investigatetherateanddistortionbehavior by selectingQs in
betweenQP1 andQP2. Resultsfor threetestsequencesare
shown in Figure5. PSNRis thesolid curve anddotedcurves
aretheaveragebytecountperprimarySP(x) andsecondSP
frame(+).

It is clearlyseenthatwhenQs = QP2 ¡ 6, that is, when
the stepsizecorrespondingto QP2 is twice that of Qs, we
obtaina PSNRhigherthanits both neighbors.For all three
sequences,thePSNRis 0.1-0.2dB higher.

Note that the plots also reveal that it is not desirableto
selectQs asQP2 ¡ 1 to QP2 ¡ 3. ClearlywhenQs = QP2,
thereis lessrequantizationerror, so Qs = QP2 is a better
choice, just as Qs = QP2 ¡ 6 is a betterchoice, than its
neighboringvalues.

Randomseeking: Consideringadifferentapplicationin which
SPframesareproducedfor randomseekingfor a sequence
codedwith QP = 24, we investigatethe rateanddistortion
featureby selectingQs from QP ¡ 12 to QP. Again, the
resultsfor threetestsequencesareshown in Figure6. Line
styleandmarker typefollow thesameasthatin Figure5.

In this randomseekingapplication,we alsoseethepeak

PSNReffect at Qs half thestepsizeof QP case(i.e., Qs =
QP ¡ 6 = 18). This effect is moreobvious for Mobile se-
quence.Thereasoncanbethatat low bit rate,morecomplex
sequencesleadto morenon-zerocoef�cients so that the re-
quantizationeffect is more pronounced.Again, theseplots
alsocon�rm that it is betterto chooseQs = QP or Qs =
QP ¡ 6 thantheir correspondingneighboringvalues.

5. SUMMARY

In thispaper, wehavepresentedtwo methodsto improvecod-
ing ef�ciency of SPframes.First, by appropriatelychoosing
referenceframesfor modeselectionandmotion compensa-
tion, wehaveshown thatthesizeof secondarySPframescan
bereducedby upto 40%.Second,wehaveshown thatit is ad-
visableto alwayschooseQs = QP or QP ¡ 6 dueto smaller
requantizationerrorsassociatedwith thesechoices,leadingto
0.1to 0.2dB gainover neighboringchoices.
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