070324 1 REFI NEMENT COEFFI Cl ENT CODI NG BASED ON HI STORY OF CORRESPONDI NG
TRANSFORM COEFFI CI ENT VALUES [ 0001] This application clainms the benefit of
the following U S. Provisional Applications, the entire content each of
which is in&Rﬁ?Qrated herein by reference: U. S. Provisional Application No.
60/ 829, 274, "TiTed Cctober 12, 2006, U.S. Provisional Application No.

60/ 883, 741, filed January 5, 2007, and Y. S. Provisional Application No.

60/ 829, 276, filed Cctober 12, 2006. TECHNI CAL FI ELD C [0002] This

di sclosure relates to digital video coding and, nore particularly, coding of
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BACKGROUND

[0003] Digital video capabilities can be incorporated into a wide range of devices,
including digital televisions, digital direct broadcast systems, wireless communication
devices, wireless broadcast systems, personal digital assistants (PDAs), laptop or
desktop computers, digital cameras, digital recording devices, video gaming devices,
video game consoles, cellular or satellite radio telephones, and the like. Digital video
devices implement video compression techniques, such as MPEG-2, MPEG-4, or
C H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), to transmit and receive digital
video more efficiently. Video compression techniques perform spatial and temporal
prediction to reduce or remove redundancy inherent in video sequences.
[0004] In video coding, video compression often includes spatial prediction, motion
estimation and motion compensation. Intra-coding relies on spatial prediction to reduce
or remove spatial redundancy between video blocks within a given video frame. Inter-
coding relies on temporal prediction to reduce or remove temporal redundancy between
video blocks of successive video frames of a video sequence. For inter-coding, a video
encoder performs motion estimation to track the movement of matching video blocks
between two or more adjacent frames. Motion estimation generates motion vectors,
which indicate the displacement of video blocks relative to corresponding prediction

video blocks in one or more reference frames. Motion compensation uses the motion



2 vectors to generate prediction video blocks froma reference frane. After
notion conpensation, a residual video block is forned by subtracting the
prediction video block fromthe original video block to be coded. [0005]
The vi deo e&&gg r usually applies transform quantization and transform
coefficient rng processes to further reduce the bit rate associated with
comrmuni cation of the residual block. Codhng of transform coefficients of
residual blocks, for exanple, nmay involve variable |Iength coding (VLC) or
ot her coding processes to further conpress residual coefficients produced
by the transform and uanti zation  operations. For exanple, a VLC table may
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residual information associated with video blocks.
[0006] Some video coding makes use of scalable techniques. For example, scalable
video coding (SVC) refers to video coding in which a base layer and one or more
scalable enhancement layers are used. For SVC, a base layer typically carries video
data with a base level of quality. One or more enhancement layers carry additional

C video data to support higher spatial, temporal and/or SNR levels. The base layer may be
transmitted in a manner that is more reliable than the transmission of enhancement
layers. Enhancement layers may add spatial resolution to frames of the base layer, or
may add additional frames to increase the overall frame rate. In one example, the most
reliable portions of a modulated signal may be used to transmit the base layer, while less
reliable portions of the modulated signal may be used to transmit the enhancement

layers. Enhancement layers may define different types of transform coefficients,

referred to as significant coefficients and refinement coefficients.

SUMMARY

[0007] In general, this disclosure describes techniques for coding refinement

coefficients of an enhancement layer in a scalable video coding (SVC) scheme.



070324 3 Refinenent coefficients refer to coefficients of an enhancenent

| ayer for which the corresponding coefficients of a previous layer, i.e.
either a base |ayer or a previous enhancenent |ayer, in the SVC schene had
non-zer o Vat?b@?él In contrast, significant coefficients refer to
coefficient an enhancenent |ayer for which the correspondi ng
coefficients of a previous layer in the $VC schene had val ues of zero. The
coding of refinenment coefficients may be perfornmed separately fromthe
coding of significant coefficients, although the techniques of this
disclosure al s r.ef i ne coefficients are coded wi.th
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[00101 In another exanple, this disclosure provides a device that codes
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coefficient values associated with a current |ayer of the SVC schene based
on the hi stljgly probability of being zero based on the history ‘associated with these refinement
coefficients, i.e., a history of corresponding transform coefficients of previous layers of
the SVC scheme. In this case, values for these refinement coefficients may be excluded
from the bitstream since the values can be derived at the decoder.
[0009] In one example, this disclosure provides a method of coding refinement
C coefficients of an enhancement layer in an SVC scheme, the method comprising
evaluating a history of transform coefficient values associated with one or more
previous layers of the SVC scheme, and estimating one or more refinement coefficient
values associated with a current layer of the SVC scheme based on the history.
[0010] In another example, this disclosure provides a device that codes refinement
coefficients of an enhancement layer in an SVC scheme, the device comprising a history
module that evaluates a history of transform coefficient values associated with one or
more previous layers of the SVC scheme, and a coding module that estimates one or
more refinement coefficient values associated with a current layer of the SVC scheme
based on the history.
[0011] In another example, this disclosure provides a device that codes refinement

coefficients of an enhancement layer in an SVC scheme, the device comprising means



{00111 In another exanple, this disclosure provides a device that codes
refinenent coefficients of an enhancenent |ayer in an SVC schene, the

devi ce conprising nmeans 070324 4 for evaluating a history of transform
coefficientgﬁﬁbges associated with one or nore previous |ayers of the SVC
schene, and neans for coding that estinmates one or nore refinenent
coefficient values associated with a curgent |ayer of the SVC schene based
on the history. [0012] The techni ques described in this disclosure nay be

i npl emented in hardware, software, firmmvare, or any conbination thereof. If
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C uter program product may include the conputer-readable nmedium., and in
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instructions cause the device to evaluate a history of transform coefficient values
associated with one or more previous layers of the SVC scheme, and estimate one or
more refinement coefficient values associated with a current layer of the SVC scheme
based on the history.
[0014] In some cases, the computer-readable medium may form part of a computer
program product, which may be sold to manufacturers and/or used in a video coding
C' device. The computer program product may include the computer-readable medium,
and in some cases, may also include packaging materials.
[0015] In another example, this disclosure may be directed to a circuit configured to
code refinement coefficients of an enhancement layer in an SVC scheme, wherein the
circuit is configured to evaluate a history of transform coefficient values associated with
one or more previous layers of the SVC scheme, and estimate one or more refinement
coefficient values associated with a current layer of the SVC scheme based on the
history.
[0016] The details of one or more aspects of the disclosure are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the techniques described in this disclosure will be apparent from the

description and drawings, and from the claims.



[ 0016] The details of one or nore aspects of the disclosure are set forth in
the acconpanying drawi ngs and the description below. O her features,

obj ects, and advantages of the techniques described in this disclosure wll
be appareg@ mthe description and drawi ngs, and fromthe clains. 070324
5 BRI EF § TI ON OF DRAW NGS [0017] FIGS. ]A and | B are mappi ng di agrans
that illustrate possible values for a refinenent coefficient based on a

hi story of corresponding transformcoefficients at different |ayers of a
scal abl e video coding (SVC) schene. [00181 FIG 2 is an exenplary bl ock
diagramillustrating a video encoding and decoding system [0019] FIG 3 is
a conceptual diagramillustrating video frames of a base |layer and an

enhancenent |ayer of a scHEEDESERIPATION OFPRAVAMNEGS FIG 4 is a bl ock
diagramillustrating an exanple of a video encoder consistent wth this

di sclosure F [ m in Mo €% f a
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di scl osure. 100231 FIG 7 is an exe g bl ock di agram of a coefficient

decode uni wdifwertilatesnel a sgatable Hileo eids )eSCthIID@241 FIG 8 is a flow
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iIlTustrati ngcddpsd@isqnes for encoding and transmitting C refinenent
coefficient information consistent with this disclosure. [0026] FIG 10 is a
fl ow di agr 48019 [FliSt 3 &t & egnaeptiahdgeen {listraténgeviden frased of ecmdé tayer aed pmenent
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(SVC) schenme. Refinenent coefficients refer to transformcoefficients of an

enhancenentwithathesrdifodosuwhi ch t he correspondi ng

[0021] FIG. 5 is a block diagram illustrating an example of a video decoder consistent

with this disclosure.

[0022] FIG. 6 is an exemplary block diagram of a coefficient encode unit consistent

with this disclosure.

[0023] FIG. 7 is an exemplary block diagram of a coefficient decode unit consistent

with this disclosure.

[0024] FIG. 8 is a flow diagram illustrating a coding technique for coding refinement

coefficients consistent with this disclosure.

[0025] FIG. 9 is a flow diagram illustrating techniques for encoding and transmitting
C refinement coefficient information consistent with this disclosure.

[0026] FIG. 10 is a flow diagram illustrating techniques for receiving and decoding

refinement coefficient information consistent with this disclosure.

DETAILED DESCRIPTION

[0027] This disclosure describes techniques for coding refinement coefficients of
enhancement layers in a scalable video coding (SVC) scheme. Refinement coefficients
refer to transform coefficients of an enhancement layer for which the corresponding
coefficients of a previous layer in the SVC scheme had non-zero values. In contrast,
significant coefficients refer to transform coefficients of an enhancement layer for
which the corresponding coefficients of a previous layer in the SVC scheme had values
of zero. The term transform coefficient is used herein to refer to both refinement and

significant coefficients, and generally refers to coefficients generated by a



coefficients of a previous layer in the SVC schene had non-zero values. In
contrast, significant coefficients refer to transformcoefficients of an
enhancenent | ayer for which the correspondi ng coefficients of a previous
llayer in thg schenme had values of zero. The termtransform coefficient
is used hereinto refer to both refinenent and significant coefficients,
and generally refers to coefficients gengrated by a 070324 6 transformation
process such as discrete cosign transformation (DCT). Coding of refinenent
coefficients may be perfornmed separately fromthe codi ng of significant
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0 coefficients, while other refinement coefficients are referred to herein as type-1
coefficients.
[0029] The encoding device may encode a signal to instruct the decoding device to
derive some of the refinement coefficients based on history. This signal may be as

C simple as a single-bit or multi-bit header for a frame or video block that instructs the
decoding device to derive refinement coefficients, e.g., for a particular type of
macroblock, such as for intra-coded blocks. The encoder and decoder may perform
reciprocal coding methods (encoding and decoding) in which the history of transform
coefficients is evaluated to determine whether refinement coefficient information can be
excluded from the bitstream by the encoder and derived at the decoder. The encoding
device may send information to the decoding device indicating that for a certain frame
type or macroblock type, due to the quantization used, a vast majority of the refinement
levels fulfilling certain criteria will be equal to 0 (type-0 refinement coefficients).
Additionally, the encoding device can signal to the decoding device that all type-0
coefficients levels within a certain area, e.g., within a block or makroblock are zero or

not. In some cases it may be assumed that all type-0 coefficients are equal to 0. In



excluded fromthe bitstream by the encoder and derived at the decoder. The
encodi ng device may send information to the decoding device indicating that
for a certain frane type or macrobl ock type, due to the quantization used,
a vast maj ofjhy,0f the refinement levels fulfilling certain criteria wll
be equal to & %type-o refinenment coefficients). Additionally, the encoding
devi ce can signal to the decodi ng device7that all type-0 coefficients

| evel s within a certain area, e.g., within a block or makrobl ock are zero or
not. In sonme cases it nmay be assuned that all type-0 coefficients are equal
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non-shaded areas in FIG | A correSpond to refinement coefficients for which
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represents the quantization step-size and x Tepresents a constant for a
given vided BGScénhapgmment dayeTUate, dgnificant cogffBienty insofer as eldedvibhobiysrsand f
= Q6 for '&‘Jﬁ%%a values of zero for that coefficient. All other non-shaded areas in FIG 1A
correspond to refinement coefficients for which the corresponding coefficient of at least
one previous layer defined a non-zero value for that coefficient.
[0032] The mapping diagrams of FIGS. 1A and 1B may correspond to a particular dead-
zone parameter (f). The so-called dead-zone parameter is typically defined as:
C =0k
where (J represents the quantization step-size and x represents a constant for a given
video block type. In ITU H.264, f= (/3 for intra-coded blocks and f = Q/6 for inter-
coded blocks. Based on this observation, different mapping diagrams (like those of
FIGS. 1A and 1B) can be created for intra-coded blocks and inter-coded blocks.
[0033] The mapping diagrams of FIGS. 1A and 1B correspond to /= 0/3. Therefore, in
this example, as applied to H.264, the mapping diagrams of FIGS. 1A and 1B may
correspond to intra-coded blocks. In this case, if an encoder device codes a signal to
indicate that one or more refinement coefficient values are excluded from the coded

bitstream, a decoder device can derive such values based on history, e.g., by applying a

mapping diagram like that shown in FIGS. 1A and 1B.



«coded bl ocks. Based on this observation, different mapping diagrans (like
those of FIGS. I A and 1B) can be created for intra-coded bl ocks and

i nter-coded bl ocks. [0033] The napping diagrams of FIGS. I A and 113
correspond §fhy= Q3. Therefore, in this exanple, as applied to H 264, the
mappi ng di agrams of FIGS. IA and IB may correspond to intra-coded bl ocks.
In this case, if an encoder device codesg8a signal to indicate that one or
nore refinement coefficient values are excluded fromthe coded bitstream a
decoder device can derive such val ues based on history, e.g., by applying a
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transform coefficient. Notably, however, in some cases shown in FIGS. |A and
1B, the ontriangeskstyren (the deeisieabthsyshplds eeprasents e nossiblsenelie 1©6eF faivanent

(given the i Qu i-st.o i u f zero...ln.t c hj
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encoder andord} Ippwsibler (oY Hrolsuble)f valie farethk nefiRdthent coeffldicit gBiveatthé heevdqgoder .
[0035] FIG 1B specifically |abels sonme of the different possibilities for

some refi neftent iseerivccofersrs. In thess eases.his disrdosareapioposes de apoidsioding of
(&er e, Bt cad i of $he (Bodtf i ulY denfilifh ok eeBimER "

coef fi ci entcoettidigntiapthchiechrse | ayer was 0, the corresponding transform
coefficient value in 151 FGS | ayer was 1, and the correspondi ng transform
coef fi ci ent [MAFIUELG. n1 B speriEBallnylabelpasonte afi then diffigrenthipessabilities Her exvosder
and the decgder 0m1thqt ther& are thregggossigie ref i nement

3 | S H

coef 1 ci entURFIEY (5HES 3 1 arFGh0f 8 g iee RBIS iR e isignl,
i.e., -1, Ovand fdr theCOBORES Nayea@ativkOo. thd Q'éflli}si[a?e@k.é.(?-t,mﬂﬁi POSSIhN Euse,
refinenment coefficient values for the 2nd FGS layer relative to the 1st FGS
| ayer, i. e.thecarrespondidg tranginrm kpefficisievalwdim thobasedpendvasd, thercamssponding
coeffici enttre\{nasl otm cizor}:fgicggntbx?a e %na¥&rF & ?ay%f w%gdl,tarr]x e corre p%ﬁgfngqunE orrll%f orm
coefficient value in 2™ FGS layer was 0. Given this history, the encoder and the
decoder can know that there are three possible refinement coefficient values for the 3™
FGS layer relative to the 2" FGS layer, i.e., -1, 0 and 1.
[0036] In area 105, there are also three possible refinement coefficient values for the 2™
C FGS layer relative to the 1% FGS layer, i.e., -1, 0 and 1. In this case, the corresponding
transform coefficient value in the base layer was 1, and the corresponding transform
coefficient value in 1% FGS layer was 0. Given this history, the encoder and the decoder
can know that there are three possible refinement coefficient values for the 2™ FGS
layer relative to the 1* FGS layer, i.e., -1, 0 and 1.
[0037] Areas 101, 102 and 103 illustrate scenarios in which the encoder and decoder
know (based on the history of corresponding transform coefficients) that the refinement
coefficient will have a high likelihood of being zero. This can be seen in areas 101, 102
and 103 insofar as there is only one possible coefficient value for an n™ layer relative to
the (n-1)" layer.
[0038] In arca 101, for example, there is one possible refinement coefficient value for

the 2" FGS layer relative to the 1% FGS layer, i.e., 0. In this case, the corresponding



.coefficient value in 1st FGS | ayer was 0. Gven this history, the encoder
and the decoder can know that there are three possible refinenent
coefficient values for the 2"d FGS |ayer relative to the | sr FGS | ayer,

i.e., -1, O 1. [0037] Areas 101, 102 and 103 illustrate scenarios in
whi ch the encoder and decoder know (based on the history of correspondi ng
transform coefficients) that the refinenmgnt coefficient will have a high

| i kel i hood of being zero. This can be seen in areas 101, 102 and 103
insofar as there is only one possible coefficient value for an nth | ayer
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coefficient actually being zero is very high, and may be presuned at the
decoder. [0&®9deri n area 102, there is al so one possible refinenent

coefficient f or e,3 d. FGS |ayer.relative to the 2"d.F I kd,
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FGS | ayer was O, and the correspondi ng transform coefficient value in 2d FGS

| ayer was -doefi@iondryatugiis the kasedayer wae - bilioearespordlinghwanséorovesefBeiantiiabe t hat

t there is ;0 ossi bl e.ref.inement coefficient value.for the 3,4
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presuned at the decoder. 100401 I n area 103, there is al so one possible

refinenent ewepdssibleersfinembntecokficignt evaltie for eS| BGSrlayariralative ta thetNeFG§ FGS
| ayer, i.e.

it he baselrel e fedn S it O PRERRURT RO FREPaP CURPT B VR i -
1s1 FGS | aygho YamrPhighNshd 8y 6OpfeesRaNSttROddbaast orm coef ficient value in
2"d FGS layer was 1.” Gven this history, the encoder and the decoder can
know t hat t [9848]nler area 403 otherepissadichbiee pesisibhe nfimemeoetdafficient valad G ther3™t he 3d
FGS Tayer rlgé}gtla{y\é? retlz?tivtqu thzed2"E%S layer, i.e., 0. In this case, the corresponding transform

coefficient value in the base layer was -1, the corresponding transform coefficient value

in 1* FGS layer was 0, and the corresponding transform coefficient value in 2" FGS

layer was 1. Given this history, the encoder and the decoder can know that the there is

one possible refinement coefficient value for the 3 FGS layer relative to the 2™ FGS
(’ layer, i.e., 0. In this case, the probability of that refinement coefficient actually being

zero is very high, and may be presumed at the decoder.

[0041] In short, for a given quantization level and/or dead zone parameter, the probable

value for a refinement coefficient may be limited to 0 (or possibly another value) in

many cases. These cases can be determined based on history of the corresponding

transform coefficient in previous layers. Moreover, the type of quantization and/or dead

zone parameter used in the encoding may be defined by the type of video block being

coded, e.g., intra (I) or inter (P or B). The encoder may exclude such refinement

coefficient values from an encoded bitstream, and may possibly signal to the decoder

that such information is being excluded for one or more video block types. The decoder

can generate the excluded information based on the history associated with a given

refinement coefficient, e.g., the values of corresponding transform coefficients



Jlayer, i.e., 0. In this case, the probability of that refinenent coefficient
actually being zero is very high, and may be presuned at the decoder

100411 In short, for a given quantization | evel and/or dead zone paraneter,

t he probabl&HB lue for a refinenment coefficient may be limted to O (or
possi bly another value) in nmany cases. These cases can be determ ned based
on history of the corresponding transforgm coefficient in previous |ayers.
Mor eover, the type of quantization and/or dead zone paraneter used in the
encodi ng may be defined by the type of video block being coded, e.g., intra

(1) or inte : [ . I.ci ent
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The decoder can generate the excluded information _based on the history
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In some cas@e42] FiEs. 12 is adiyckdivgradtillnafdiagta Vide aebdiab ahédec@iBnsystem 10.
coefficient values that are generated, e.g., due to quantization errors, but
such cases A#showmineFl4nad, sysirim d Oriagludps grsgtiece\dediss 2hal rangmply eapgdedivigsiof | cant

anount. [0042] FI.G .2 . s.a.blaock diagramillu atin vi dgo_encoding and
decodi g sySreiseat 4o 6t a P AEI chonn L 1 50MRe Retiet 2B R He e e
2 that trangged So8be 0uedidys efebdef 02 andl ACAbNEadMhERnifleV 1R RcCORBIBICAL ON
channel 15. Source device 2 may include a video source 11, video encoder 12

and a nodul mepringlpdhenteceizer/demoduéater V6, dislep cdecederndls 4nde Hisghyadevice 20.

receiver/de ul atoor 1 vi deo_decoder, 18, and di spl ay. device. 20. I~ System
lémay be cgﬁ?‘?%ﬁr eﬁlafgbeaﬁ?ﬂquuf c nﬁgﬁléite?wm{eﬁ ?ﬂ%?@Pﬁo%eWﬁ&wéﬁtcogg@i ng
err d?S_C“ bgdchsddehdteinninMyhidh Vahdsest e ehendt JTOhe efindoiént rc%%ﬁﬂ:@e{i@sﬂhre
coefficients are excluded fromthe transmtted bitstream and derived at

recei ve devéxctided Herge theotiandmittedbystorayn and)derdied 3¢ ateebveedaricied basadl oy theSVo)
refers to vlil.dteo coding in which a base |l ayer and one or nore scal able
enhancenent 1F8%rs are used. For SVC, a base layer typically carries video

data wi th aobgsiesd.pitnd vReo R4aink BV (P8R 10HRE BSIAR4E Wt 4 BYKY By &Y
addi tional video data to support higher spatial, tenhporal and/or

si gnal - t o- nwieser BNR sdaabld snhaBntraerddayars atcayseds harySWE, ddfasmdayer éypatallye to

the previ Ouc?eJnXese\q godggca lV\%}i‘leg base level of quality. One or more enhancement layers carry
additional video data to support higher spatial, temporal and/or signal-to-noise SNR
levels. Enhancement layers may be defined relative to the previously encoded layer.
Enhancement layers define at least two different types of coefficients, referred to as
significant coefficients and refinement coefficients. Refinement coefficients may define

C values relative to the corresponding values of the previously encoded layer. Frames of
enhancement layers sometimes only include a portion of the total number of video
blocks in the base layer or previous enhancement layer, e.g., only those blocks for which
enhancement is performed.
[0044] Significant coefficients refer to coefficients for which corresponding coefficients
in previous layers had values of zero. Refinement coefficients refer to coefficients for
which corresponding coefficients in a previous layer had non-zero values. Coding of
transform coefficients typically involves a variable length coding (VLC) methodology
in which different sets of coefficients are mapped to variable length codes in a VLC
table. Variable length coding of enhancement layers typically involves a two-pass

approach. A first pass is performed to variable length code the significant coefficients,

and another pass is performed to variable length code the refinement coefficients. The



.Enhancenent |ayers define at |least two different types of coefficients,
referred to as significant coefficients and refinenent coefficients.
Ref i nement coefficients nay define values relative to the correspondi ng

val ues of thgspjeviously encoded layer. Franmes of enhancenent |ayers
sonetinmes only include a portion of the total nunber of video blocks in the
base | ayer or previous enhancenent |ayerl] e.g., only those bl ocks for which
enhancenent is perforned. [0044] Significant coefficients refer to
coefficients for which corresponding coefficients in previous |ayers had
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Commruni cation channel 15 may form part of a packet-based network, such as a
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Source device 2 generates coded video data for transm ssion to receive

devi ce 6. ﬂnnscgmasfa§égwem@e'eip¢s dei tes operde ninya (spbitmt@_lliynsmmemcal
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e.g., for video stream ng, "video broadcasting, or video "tel ephony.
between video devices 2, 6, e.g., for video streaming, video broadcasting, or video
telephony.
[0047] Video source 11 of source device 2 may include a video capture device, such as
a video camera, a video archive containing previously captured video, or a video feed
from a video content provider. As a further alternative, video source 11 may generate
computer graphics-based data as the source video, or a combination of live video and
C computer-generated video. In some cases, if video source 11 is a video camera, source
device 2 and receive device 6 may form so-called camera phones or video phones. In
each case, the captured, pre-captured or computer-generated video may be encoded by
video encoder 12 for transmission from video source device 2 to video decoder 18 of
video receive device 6 via modulator/transmitter 14, communication channel 15 and
receiver/demodulator 16. The video encoding and decoding processes may implement
techniques of this disclosure to reduce the amount of data associated with
communication of refinement coefficients, relying on derivation of type-0 coefficients at
receive device 6. Display device 20 displays the decoded video data to a user, and may
comprise any of a variety of display devices such as a cathode ray tube, a liquid crystal
display (LCD), a plasma display, an organic light emitting diode (OLED) display, or
another type of display device.



.[ 0047] Video source 11 of source device 2 may include a video capture

devi ce, such as a video canera, a video archive containing previously
captured video, or a video feed froma video content provider. As a further
alternativqnﬁébgeo source 11 may generate conputer graphics-based data as

t he source video, or a conmbination of live video and conputer-generated
video. In sonme cases, if video source 1112is a video canera, source device 2
and receive device 6 may form so-call ed camera phones or video phones. In
each case, the captured, pre-captured or conputer-generated video may be
encoded by | : r: 4 } Sl { 0 i 2to
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support fine granularity SNR scal abili té@ FGS) coding for SVC. Encoder 12
and decoderbasg layaymeyi b dransmiied du g managy dekisgnore geliably (han yhepijansoyssénit ¢ing
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| ayers carry additional data to support higher spatial, tenporal and/or SNR

| evel s. Themapheusaddy sansray theeenhpzgement kagersi n a manner that is nore reliable
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transmt the enhancenent |ayers. [0049] In order to support SVC, video

encoder 12 argdyoriene mdee enhgngamdngyaverse mespeasived? Thantechmgues ohibisediselnsiicenent

| ayer encodv%l%h Zlﬁvcglxge R ];:(()) ir% TG 1rilerr]19r:n?fcogﬁ'ilg1%lsl S, laf'riey g}gplicable to the coding of
video blocks of enhancement layers in SVC. More specifically, the techniques of this
disclosure may be applicable to VLC of refinement coefficients of video blocks of
enhancement layers, although this disclosure is not necessarily limited in this respect.
According to this disclosure, information indicative of derivable type-0 coefficients are

excluded from the bitstream, and VLC is only applied with respect to type-1

e

coefficients. The values of type-0 coefficients are generated at the decoder.

[0050] Video decoder 18 may include a combined base/enhancement decoder that
decodes the video blocks associated with both base and enhancement layers, and
combines the decoded video to reconstruct the frames of a video sequence. Display
device 20 receives the decoded video sequence, and presents the video sequence to a
user.

[0051] Video encoder 12 and video decoder 18 may operate according to a video
compression standard, such as MPEG-2, MPEG-4, ITU-T H.263, or ITU-T
H.264/MPEG-4, Part 10, Advanced Video Coding (AVC). Although not shown in FIG.
2, in some aspects, video encoder 12 and video decoder 18 may each be integrated with

an audio encoder and decoder respectively, and may include appropriate MUX-



.and one or nore enhancenent | ayers, respectively. The techniques of this

di scl osure, which involve the coding of refinenent coefficients, are
applicable to the coding of video blocks of enhancenent |ayers in SVC. Mre
specificallgﬂm??e techni ques of this disclosure may be applicable to VLC of
refinement coéffticients of video bl ocks of enhancenent |ayers, although
this disclosure is not necessarily limtd in this respect. According to
this disclosure, information indicative of derivable type-0 coefficients are
excluded fromthe bitstream and VLCis only applied with respect to type-1
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Group ( MPEGQudasviduaBsdpvioeh) bl td ITU-qo8th@e Grod, RAA HAed Mireh, DOYNwRiSh e bkoi nt
Video Team (JVT). In sonme” aspects, the techniques described in this
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standard or H. 264 specification, or the H 264/ AVC
H.264/MPEG-4 AVC. The specification of the evolving SVC extension is in the form of
a Joint Draft (JD). The Joint Scalable Video Model (JSVM) created by the JVT
implements tools for use in scalable video, which may be used within system 10 for
various coding tasks described in this disclosure. Detailed information concerning Fine
Granularity SNR Scalability (FGS) coding can be found in the Joint Draft documents,
and particularly in Joint Draft 6 (SVC JD6), Thomas Wiegand, Gary Sullivan, Julien

C Reichel, Heiko Schwarz, and Mathias Wien, “Joint Draft 6: Scalable Video Coding,”
JVT-S 201, April 2006, Geneva, and in Joint Draft 9 (SVC JD9), Thomas Wiegand,
Gary Sullivan, Julien Reichel, Heiko Schwarz, and Mathias Wien, “Joint Draft 9 of SVC
Amendment,” JVT-V 201, January 2007, Marrakech, Morocco.
[0054] In some aspects, for video broadcasting, the techniques described in this
disclosure may be applied to Enhanced H.264 video coding for delivering real-time
video services in terrestrial mobile multimedia multicast (TM3) systems using the
Forward Link Only (FLO) Air Interface Specification, “Forward Link Only Air
Interface Specification for Terrestrial Mobile Multimedia Multicast,” to be published as
Technical Standard TIA-1099 (the “FLO Specification™). That is to say,
communication channel 15 may comprise a wireless information channel used to

broadcast wireless video information according to the FLO Specification, or the like.



.standard or specification. [0053] The Joint Video Team (JVT) continues to
work on an SVC extension to H. 264/ MPEG 4 AVC. The specification of the
evol ving SVC extension is in the formof a Joint Draft (JD). The Joint

Scal abl e \ﬁ@@gzﬁ/bdel (JSVM created by the JVIT inplenents tools for use in
scal abl e vi whi ch may be used within system 10 for wvarious coding tasks
described in this disclosure. Detailed imformation concerning Fine
Granularity SNR Scal ability (FGS) coding can be found in the Joint Draft
docunents, and parti cularly in Joint Draft 6 (SvC JD6), Thorras W egand,
Gary SuII|v n ei C Hei ko .Sch d Math en, "Joint
Dratt 6 clrabit SRGsARyt M e SIS p e yR et ran e
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table for ﬁﬁi FLO Air Interface. Alternatively, video may be broadcasted
rdi ng t & dhér standards such as DVB-H (digital video broadcast-
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data to nultiple tecelve ces, eac e simlar to receive
device 6 oflechiés | &may be included in one or more encoders or decoders gither of which may

be integrated as part of a combined encoder/decoder (CODEC) in a respective mobile
device, subscriber device, broadcast device, server, or the like. In addition, source
device 2 and receive device 6 each may include appropriate modulation, demodulation,
frequency conversion, filtering, and amplifier components for transmission and
reception of encoded video, as applicable, including radio frequency (RF) wireless
Q components and antennas sufficient to support wireless communication. For ease of
illustration, however, such components are summarized as being modulator/transmitter
14 of source device 2 and receiver/demodulator 16 of receive device 6 in FIG. 2.
[0056] A video sequence includes a series of video frames. Video encoder 12 operates
on blocks of pixels (or blocks of transform coefficients) within individual video frames
in order to encode the video data. The video blocks may have fixed or varying sizes,
and may differ in size according to a specified coding standard. In some cases, each
video frame is a coded unit, while, in other cases, each video frame may be divided into
a series of slices that form coded units. Each slice may include a series of macroblocks,
which may be arranged into sub-blocks. As an example, the ITU-T H.264 standard
supports intra prediction in various block sizes, such as 16 by 16, 8 by 8, or 4 by 4 for

luma components, and 8x8 for chroma components, as well as inter prediction in



[ 00551 Vi deo encoder 12 and vi deo decoder 18 each may be inpl enented as one
or nore mcroprocessors, digital signal processors (DSPs), application
specific integrated circuits (ASICs), field programmbl e gate arrays
(FPGAs) , di@ﬁf e logic, software, hardware, firmware or any conbinations

t hereof. Each™0f video encoder 12 and video decoder 18 may be included in
one or nore encoders or decoders, eitherisof which may be integrated as part
of a conbi ned encoder/decoder (CODEC) in a respective nobile device,
subscri ber device, broadcast device, server, or the like. In addition,
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Again, refinement coefficients refer to coefficients that had non-zero values in the
previous layers of the SVC scheme, whereas significant coefficients refer to coefficients
that had values of zero in one or more previous layers. According to this disclosure,
information indicative of some of the refinement coefficient values may be excluded
C from a bitstream that is transmitted from source device 2 to receive device 6. Encoder
12 and decoder 18 may perform reciprocal methods that rely on history to identify the
type-0 refinement coefficients that are excluded from the bitstream because their values
can be assumed to be zero. As used herein, the term coding generally refers to at least a
portion of either the encoding or decoding processes. Video encoder 12 encodes the
data, while video decoder 18 decodes the data.
[0060] The coding of type-1 refinement coefficients may be based on a VLC
methodology that uses VL.C tables to assign codewords to different sets of refinement
coefficients. Sets of zero value coefficients may be represented by run lengths of zeros,
and the tables may assign more probable run lengths to shorter VLC codes. Similarly,
VLC tables may assign less probable run lengths to longer VLC codes. The VLC tables

may be adapted relative to convention tables in order to better account for the fact that



.may be applied to the transmtted bitstream These additional coding
techniques may C include transformation techniques (such as the 4x4 or 8x8
i nteger transformused in H 264/ AVC or a discrete cosine transformtion
DCT), and téﬁﬁﬁorm coefficient coding (such as variable |ength coding of
the transformcoefficients). Blocks of transformation coefficients may be
referred to as video blocks. In other worgds, the term "video bl ock" refers
to a block of video data regardless of the donain of the information. Thus,
video blocks can be in a pixel domain or a transforned coefficient domain.
[ 0059 Thi s, di C LOV] . i f i g . feef | i
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significant coefficients refer to coefficients that had values of zero in
one or nor eArpdexjyesia theadaspder. According to this disclosure, information
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codes. The VLC tables may De adapted relative to convention tables in order
to better aghewemendtayehés phaeiscalife volz0 dhdirgamn. Asinptedyabeve, thefdcheiques of
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tabl es may be based on prior coding statistics, but in nbst cases, static
VLC t abl es lavd afsspdtial Atpaiporalh onBNEr scatabditivl Enbaisemsninkyeb &8 ndiyf fomeist at han

conventional. tabl es cause inforomtion for type-0 coefficients s .
abltsttream con a?mmg encoge({) video Sata that r%Pesents a secon Ieevel 0}‘ spatial,

temporal and/or SNR scalability. Although a single enhancement layer is shown,

several layers of enhancement may be used in some cases. The enhancement layer
bitstream may be decodable only in conjunction with the base layer (or previous
enhancement layer if multiple enhancement layers exist). Enhancement layer 18
C contains references to the decoded video data in base layer 17. Such references may be
used either in the transform domain or pixel domain to generate the final decoded video
data.
{0063] Base layer 17 and enhancement layer 18 may contain intra (I), inter (P), and
bi-directional (B) frames. Intra frames may include all intra-coded video blocks. 1 and
P frames may include at least some inter-coded video blocks (inter blocks}, but may also
include some intra-coded blocks (intra blocks). The different frames of enhancement
layer 17 need not include all of the video blocks in base layer 17. The P frames in
enhancement layer 18 rely on references to P frames in base layer 17. By decoding
frames in enhancement layer 18 and base layer 17, a video decoder is able to increase

the video quality of the decoded video.



.excluded fromthe bitstream In the case of static VLC tables encoder 12 and
decoder 18 sinply select one or nore appropriate VLC tables froma set of
possi ble tables for coding the refinenent coefficients. Regardl ess of

whet her thegﬂ%gﬁtables are formed or C static, updates to the VLC tables
could be nmade, "as desired. [0062] FIG 3 is a diagramillustrating video
frames wthin a base layer 17 and enhanggenent | ayer 18 of a scal abl e video
bitstream As noted above, the techniques of this disclosure are applicable
to the coding of data of enhancenent |ayers. Base |layer 17 may conprise a
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| gyer 17 need not include all of the video bl ocks i,n e layer 17.. The P
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17. By decogh frames in enhancenent |ayer 18 and base | ayer 17, a video
decoder is able to increase the video quality of the decoded video. 070324
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enhancenent |ayer 18 may be encoded wth a I gher quanti zation paraneter
(QP) and | odwrce@Pin Fl&s pedthat/slty sayvbasedapsr cnbaiieg t@yponents are not illustrated in

FIG. 4 for simplicity. Therefore, video encoder 50 may be considered an enhancement

layer encoder. Alternatively, the illustrated components of video encoder 50 could also

be implemented in combination with base layer encoding modules or units, €.g., in a

pyramid encoder design that supports scalable video coding of the base layer and the

enhancement layer.
C— [0066] Video encoder 50 may perform intra- and inter-coding of blocks within video

frames. Intra-coding relies on spatial prediction to reduce or remove spatial redundancy

in video within a given video frame. Inter-coding relies on temporal prediction to

reduce or remove temporal redundancy in video within adjacent frames of a video

sequence. For inter-coding, video encoder 50 performs motion estimation to track the

movement of matching video blocks between two or more adjacent frames.

[0067] As shown in FIG. 4, video encoder 50 receives a current video block 31 (e.g., an

enhancement layer video block) within a video frame to be encoded. In the example of

FIG. 4, video encoder 50 includes motion estimation unit 33, reference frame store 35,

motion compensation unit 37, block transform unit 39, quantization unit 41, inverse

quantization unit 42, inverse transform unit 44 and coefficient encode unit 46. A

deblocking filter (not shown) may also be included to filter block boundaries to remove



.17 may be transmtted in a manner that is nore reliable than the

transm ssion of enhancenent |ayer 18. As an exanple, the nost reliable
portions of a nodulated signal my be used to transmit base |layer 17, while
| ess reliabé.‘f\U grtions of the nodul ated signal nay be used to transmt
enhancenent 39 r 18. The illustration of FIG 3 is nerely exenplary, as
base and enhancenent |ayers could be defjgned in many different ways. [0065]
FIG 4 is a block diagramillustrating an exanple of a video encoder 50 that
includes a coefficient encode unit 46 to encode data consistent with this

di scl osure., . Video encoder 50 of FI may. correspond t o, enhanc | ayer
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FIG 4 for gasfofifa tdd HRIALL Abdel 18 UEMRARE 2 Bplacement between the blocks.
On this basis, motion estimation unit 33 produces a motion vector (MV) (or multiple
MV’s in the case of bidirectional prediction) that indicates the magnitude and trajectory
of the displacement between current video block 31 and a predictive block used to code
current video block 31.
[0069] Motion vectors may have half- or quarter-pixel precision, or even finer

C precision, allowing video encoder 50 to track motion with higher precision than integer
pixel locations and obtain a better prediction block. When motion vectors with
fractional pixel values are used, interpolation operations are carried out in motion
compensation unit 37. Motion estimation unit 33 may identify the best motion vector
for a video block using a rate-distortion model. Using the resulting motion vector,
motion compensation unit 37 forms a prediction video block by motion compensation.
[0070] Video encoder 50 forms a residual video block by subtracting the prediction
video block produced by motion compensation unit 37 from the original, current video
block 31 at summer 48. Block transform unit 39 applies a transform, such as a discrete
cosine transform (DCT), to the residual block, producing residual transform block
coefficients. Quantization unit 41 quantizes the residual transform block coefficients to

further reduce bit rate. Summer 49A receives base layer coefficient information, e.g.,



.al so. may include spatial prediction conponents for intra-coding of sone

vi deo bl ocks. Spatial prediction conponents, however, are usually used only
for base layer coding. The techniques of this disclosure can apply with
respect to @fggifornlcoefficients of residual blocks that are intra-coded
or inter-co @ “'[0068] Mbdtion estimation unit 33 conpares video block 31 to
bl ocks in one or nore adjacent video frgres to generate one or nore notion
vectors. The adjacent frame or C franes nay be retrieved fromreference
frame store 35, which may conprise any type of menory or data storage device

to store video hl ocks reconstructed from previ ouysl encoded bl ocks. tion
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val ues are useé? I'nterpol ation operations are carried out in notion

conpensat i ofe0uIy $padial Ffédtdti@ﬂ RFirigBicrQes WetytsiddanRy tontiRpdli frgdictién bedihg.mot i on

vector for a video block using a rate-distortion nodel. Using the resulting
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Cot 11 o0 G AR 3L ol 1 ISR 16 63 S DLPRLEM Bt
coef fi ci entebifiQIARIFI1AR. disolSbure BAD3RAY Wth fspePt qo RPRAGOHANBERIGEIBGL hrROT
show) and is positioned between bl ock” transformunit 39
generated by transformation that follows a spatial prediction coding process.
[0072) Coefficient encode unit 46 codes the quantized transform coefficients, e.g.,
according a variable length coding methodology, to even further reduce the bit rate of
transmitted information. In particular, coefficient encode unit 46 applies techniques of
this disclosure to code the refinement coefficients of an enhancement layer. Coefficient
C encode unit 46 may code significant coefficients separately from refinement
coefficients, although this disclosure is not necessarily limited in this respect. With
respect to refinement coefficients of an enhancement layer, coefficient encode unit 46
may distinguish between type-1 coefficients, which are coded into the bitstream, and
type-0 coefficients, which are not coded into the bitstream.
[0073] Coefficient encode unit 46 may generate an in-band or out-of-band signal to
indicate to a decoder that information indicative of type-0 coefficients is excluded from
the bitstream and such information needs to be derived at the decoder based on the
history associated with corresponding transform coefficients. Although the techniques
described herein assume a two-pass approach in which significant coefficients are coded
separately from refinement coefficients, the techniques could also apply in a one pass

approach in which significant coefficients are coded with the refinement coefficients. In



.and quantization unit 41 to supply this base |layer coefficient information
into the enhancenent |ayer coding. In particular, sumrer 49A subtracts the
base | ayer coefficient information fromthe output of block transformunit
39. In a siﬁﬁﬂag fashion, sunmmer 49B, which is positioned between inverse
transformu i? 4 and inverse quantization unit 42, also receives the base
| ayer coefficient information fromthe bgse |ayer encoder (not shown).
Summer 49B adds the base | ayer coefficient information back to the output
of inverse quantization unit 42. [0071] Spatial prediction coding operates
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a comon frane (other coded unit) to performthe coding. Spatial prediction
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bl ocks. Agaj t spatjal prediction c onents are.not .shown .in FIG 4
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transni t t ed #UHPIREET QHRIGEIACHIEA2 BddRYrES BARSIURE SBE nPRPIMEVEES! i es
techni ques gl neibfHoR éghslﬂé??&{r&sﬁf&nﬁﬂg& &ﬂ&cﬁ@é’éfyﬂ% rf@(%ngﬁ’&&ftﬁé ClsfitaPbBEK AN
enhancenent " ayer. efficient encod€ unit 46 nmay code significant
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disclosure is not necessarily limted in this respect. Wth respect to
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[0073] Coefhbkdie8itireattddeniunBtandbmbhon geMpERELoRanit BF70RNEnE: AUblock 1hand
signal to indicate to a decoder that information indicative of type-0
coef fi ci ent $bpeguentciigeseliame.om the bitstream and such information needs to

e e e SR R Ml P RE TP E TS e 0 it
her ei n assuiBy acdrBpdRlS $o dpBEP aRBoded YOI EhFEG NI itz apériGanl bhgel enes ade
coded separately fromrefinenent coefficients, the techni ques could al so
apply in a ohengsawst laxppdesadingi Viden decoderl] fnchdes a coeffitient devode unié S2dded
with the r etﬁnieunpee%?rtns %ege];iip(f:(gceap Igusn'cticl)r{1 op go%%f%ﬁent encode unit 46 of FIG. 4. That is to
say, coefficient decode unit 52A codes the refinement coefficients of an enhancement
layer in a manner that assumes that information indicative of type-0 coefficients are
excluded from the bitstream. Coefficient decode unit 52A uses the history of
C corresponding transform coefficients, e.g., corresponding to the type-0 refinement
coefficients of the current layer being coded, to generate the values associated with the
type-0 refinement coefficients, which are excluded from the bitstream.
[0076] Video decoder 60 may perform intra- and inter- decoding of blocks within video
frames. In the example of FIG. 5, video decoder 60 includes coefficient decode units
52A and 52B, motion compensation unit 54, inverse quantization unit 56, inverse
transform unit 58, and reference frame store 62. Video decoder 60 also includes
summer 64, which combines the outputs of inverse transmit unit 58 and motion
compensation unit 54. Optionally, video decoder 60 also may include a deblocking
filter (not shown) that filters the output of summer 64. FIG. 5 illustrates the temporal

prediction components of video decoder 60 for inter-decoding of video blocks. Video



.20 -either case, according to this disclosure, information indicative of the
type-0 refinenment coefficients is excluded fromthe bitstream and derived
at the decoder based on history of the corresponding transform coefficients
of previ ousoi ¥grs. [0074] Fol l owi ng the coding of the transform
coefficients 0?| ncluding the significant coefficients, the type-1 refinenent
coefficients and type-0 refinenent coeffijcients), the encoded video (e.g.,
vari abl e I ength codewords) may be transmitted to another device. In
addition, inverse quantization unit 42 and inverse transformunit 44 apply

inverse quantizatyon and.inverse transformation. r ecti vel t

reconstr uct&tch%er_r es'ﬁ%%lsgbri‘%% .S Sp%l?rlriﬁée?lcgl ngaalgo{l?{ggfcgégtﬁ%ﬁ%cd@n&&rsgrsnledual
bl ock to thededbloeits, WAMER sepr@dnied ®¢iiftd pradictibh agikspr oduced by notion _
conpensation unit 37 to produce a reconstructed video block for storage in

reference fl0ARH ¥idep deaBier §h mayedonisclude reatheri coeBiciins drcdds vaicddBolpr bagst i on
estimati on unit. t33 and (tbeigﬁn. co e&sat.'tg)%?’ unit 37 go encode a bl o%.k iln a
subsequent V4B Ofl?“ﬁ‘iﬁ%‘?-r? giFen Gu BI3¥ &GP RY PRAFTG T dPPERIRE an
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FIG 1 that perforns base |ayer an enhancenment | ayer decoding. Video
decoder 60 inay bpidewlla pedefm iaoy epitial decodimgnfitassyer videw blogks, andshe ¢ugput

i | f tion,.of fficient d ' Fl 4. That i
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type-0 coefficients are excluded fromthe bitstream " Coeff’icient decode
unit 52A us@smntibegionisio¥oB. ofhe odomessiporiditingbdse dmet @andneobmictmentelaye, paghsg. |

cQl respondi ng 0 th@t e-& rggi nenent " -- coefficients of the current |ayer
léng_ coded?*¥ 8° §¥H Pﬁ‘ygyf‘ &4l ues associ ated with the type-0 refinenent
coef ficientgo78yWV o Ae&RE6H ?lﬁggaggigﬁ?iﬁtpﬁ a@iﬂﬁxﬁ&f—%@&@dﬁ%@%?ﬂacﬁé WERndakeder 60

may performintra- and I nter g of ocks wt eo frames. In
t he exanpl efrohed| I ths exumdkroofddéodevided denaden d@sindaddst ¢oeiffbnentdiecadbeunitsi t s

52A and 52B,_noti c ensation unit .54, inverse quantjzation uni.t 56,
inverse trfsfBt %Bﬁnﬁ?@%@}w%ﬁﬁo%& BPURR SOPPEAIQR YRE 2 INKFr e aguedvsr 60
also inclu SHIE, , W L NeS e i nv, trgnsmt
unit 58 angﬁﬁrgtl on ﬂéﬁpﬁeh‘iﬁﬁgﬁﬁﬁ% E@ft g%}%ﬁ%ﬁ%é‘f@%@goﬁ egsézder 60 al so
may i ncl udedegodietdlcdéa mgludes kuremer 6t Optionully, vidad déeddee68 atsbenmuinplde af

sunmer 64. f G . 5 ieéil ustrates the tenporal prediction coeronents of video
decoder 60 dedlockpedilierdagigshaymo thayifdises the sarut ofsymmer 64. Again, summer 5

combines information in the base layer and enhancement layer paths, and intra -
prediction unit 55 and adder 53 facilitate any spatial decoding of base layer video
blocks.
[0079] Again, coefficient decode unit 52A receives the encoded video bitstream and
c applies the techniques described in this disclosure. In particular, for significant
coefficients, coefficient decode unit 52A may decode information using a VLC table.
Similarly, for type-1 refinement coefficients, coefficient decode unit 52A may decode
information using a VLC table, which may be a different VL.C table than that used for
the significant coefficients. For type-0 refinement coefficients, however, coefficient
decode unit 52A may generate the appropriate values based on a history associated with
the corresponding transform coefficients of previous layers of the SVC scheme.
[0080] Following the decoding performed by coefficient decode unit 52A, motion
compensation unit 54 receives the motion vectors and one or more reconstructed
reference frames from reference frame store 62. Inverse quantization unit 56A inverse
quantizes, i.e., de-quantizes, the quantized block coefficients. Following combination

of the enhancement and base layer information by adder 57, inverse transform unit 58



.070324 21 decoder 60 may al so includes spatial prediction conponents for

i ntra-decoding of sonme video blocks, which is represented by intra
prediction unit 55. [0077] Video decoder 60 nmay al so include anot her
coefficient Z de unit 52B for base layer information. Coefficient decode
unit 52B nﬁ§ﬁ§ erally operate in a conventional manner with respect to the
decodi ng of base l|layer coefficients. Intma prediction unit 55 nmay
optionally performany spatial decoding of base |ayer video blocks, and the
output of intra prediction unit 55 nmay be provided to adder 53. The

h t th | ude i t 58A, and th
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Optional |y, video decoder 60 also may include a deblocking filter (not
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history assocjated with the corresponding transform coefficients of
previ ous | aifstodically.asdesitad. scheme. [ 0080] Fol | owi ng t he decodi ng per f or med
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reference fihagparate@odingdasiesyvAtiDagh urRnbéimiques df tiis Hisbhourevvaldsglso apply if
refinement coefficients were coded with the significant coefficients. Table selection by
encode module 72 may be performed based on information (e.g., statistics) gathered for
previously coded block of previously coded frames. For example, encode module 72
may perform statistical analysis of previously encoded frames to facilitate table
selection.

C [0083] Regardless of how tables are selected from coding tables 78, encode module 72
applies techniques of this disclosure to exclude information indicative of type-0
refinement coefficients from the encoded bitstream. Encode module 72 codes
information, such as one or more bits in a frame header, to signal to a decoder that the
information for type-0 refinement coefficient values is excluded from the bitstream.
[0084] History module 74 examines the history associated with the refinement
coefficients to determine whether the refinement coefficients are type-1 coefficients or
type-0 coefficients. More specifically, when coding a current FGS layer, history
module 74 examines the history of corresponding transform coefficients of previous
FGS layers and the base layer of the SVC scheme. As shown in FIGS. 1A and 1B, and

described above, some refinement coefficients may have values that can be assumed to

be zero. History module 74 examines the history to identify such so-called type-0



-quanti zes, i.e., de-quantizes, the quantized bl ock coefficients. Follow ng
conbi nation of the enhancenent and base | ayer information by adder 57,
inverse transformunit 58 070324 22 applies an inverse transform e.g., an
i nverse DCT7052 the coefficients to produce residual blocks. Mtion
conpensati o |t 54 produces notion conpensated bl ocks that are sumred by
sumer 64 with the residual blocks to famm decoded bl ocks. If desired, a
debl ocking filter may al so be applied to filter the decoded bl ocks in order
to renove bl ockiness artifacts. The filtered bl ocks are then placed in

f f t 62, Wi d bl ocks f t
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(such as de(yﬂtg@ty%g .ol Gentiroml HOBildtreiiG 6 1s a block diagramillustrating
an exenplary coefficient encode unit 46, which may correspond to that shown
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o&how t abl Y2 @ ValEfect ed from coding tabl es 78, encode modul e 72 appl i es
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More speci fdsgighéd/basel @n @edbmadingCtedrsiin doelidiatanluebiospedwous layers in the
SVC scheme. As an example, the index value (h) may be calculated as follows
h=0
for (i=0; i<n; 1++){
sig=(c; =0)? 1. 0,
h=h-+sig*(2<<i);
C }
where i is the layer number (i.e., i=0 corresponds to base layer, i=1, corresponds
to first base layer), and ¢; is the value of the collocated coefficient at layer i. i++
refers to i=i+1, and sig is an intermediate variable.
Encode module 72 may signal to the decoder for which values of index (h) the
refinement coefficients are assumed to be zero. In this case, estimating the one or more
refinement coefficient values associated with the current layer of the SVC scheme may
comprise assigning values of zero to refinement coefficients of the current layer that
have index values that correspond to one or more pre-defined index values.
[{0087] In some cases, all type-0 refinement coefficients values are set to 0 in both the
encoder and decoder even if their quantized value is different than zero. Since the

amount of nonzero values will be very small, the impact on the reconstructed quality



.modul e 74 exam nes the history of corresponding transform coefficients of
previous FGS |ayers and the base | ayer of the SVC schene. As shown in FIGS.
| A and 1B, and described above, sone refinenent coefficients may have

val ues that,g§24be assunmed to be zero. Hi story nodul e 74 exam nes the
history to ? tify such so-called type-0 070324 23 coefficients. Encode
nodul e 72 can then exclude information ijdicative of the values of the
type-0 coefficients fromthe bitstream [0085] As a coding alternative to a
conplete history analysis, history nodule 72 could sinply |look at the

val ues associated w t rnespondi.n oeffici S _the.precedi F | ayer
(o 0% ontyense e TRRE VDS BoLah FURTof el BE FREP AR TP ™Y oy er
of an SVC sigdwenm.fonhed e-RduifRichts, May eval uate the history by determ ning
whet her refinenment coefficient values associated with an (n-1) h | ayer of

t he SVC schid88halernaigyely.eensodalmedile 78 qovid sigasleto drec derodemn thak all7typerlly
assune t hat rcfatti.ne%rreq;t coeLfi cient values are %ﬁrg for t‘ﬂ;f nt h Iai(ergm/nen
correspondi%oﬁ CORNT VREhPEngy A £ ”E ﬁr-e'ilﬁe'ﬁ" A OY5Y OF E'a5H -%cé(r 8T Vel
[0086] | n apqtdiefypeXarahd. arbiasfuany efRAdub® gf%ﬂgnme RValnaLAidn)ethBy $b@HYbDY
assigning index values for refinenent coefficients of the current |ayer,
the index veéicodsl togithgr wilk ferdmainingiype-d oefiespon doefficientnstuss mlbeefetliod ent

val ues associ ated,with the e or, nore. previous |layers.of th C schene.
[ ot her wobldnaitg res: VT GETERY Reyicisa! HehaHERORaSda Bh<Bo Pl cYBbid: ng
transform cRehfhEAeRLIRME RV L BYIRYS 0l AYBIUSDd Miffehe (SYCahiTGER: VA an
exanpl e, the index value (h) may be cal culated as follows™h=0 for (i=0;
i <n; i++){ uvsidptfeo;enco]ifg refifgmenh<heicypn(s2inthy ;mavnableck in svhidhesdnagy ef theunber
(o8-, 1=0 corroesPonds to phase |ayer, i=l, cgerres onds to fLrs. baise
(Ger ). andee-0ighineny fopicianis HE nobrerec And et e BODRRJRrSh a0, 1.4
refers to ighfibmes |ofhnk Beiftl zb Rt e FBL kAL RL %& Encode nodule 72 may
signal tot he1 drg?:oges corn V\ﬂlﬂgﬁ ve{Fues 01? fl?er%' ex a?h tsﬁe refi nement
coef fi ci ent P089)lnaasethed ekample, héstary hredtki 84 case, dedsiei asfiish gubdee afnéheor
nore refinenent coefI,fi ci ent \(lal ues associ ated w t61 tfhe currer} |l ayer of the
SVC scheme Wg;;ement coefficients of the enhancement layer as type-0 refinement coetticients, and
define a second subset of the refinement coefficients of the enhancement layer as type-1
refinement coefficients, e.g., based on a history such as that illustrated in FIGS. 1A and
1B. Encode module 72 can include information for the type-1 refinement coefficients in
an encoded bitstream, and exclude information for the type-0 refinement coefficients in
an encoded bitstream. Encode module 72 can then signal to the decoder that
information for type-0 refinement coefficients is excluded.
[0090] As described herein, refinement coefficients may have values restricted to -1, 0
C and 1. Such values may be coded in many ways. In one example, two bits of
information are used to code refinement coefficients. The first bit may indicate whether
the coefficient is equal to O or not, and the second bit may indicate whether the sign
{(denoted as s,) of the refinement coefficient same (coeff ref dir flag=0) or different
(coeff ref dir flag=1) than the sign (denoted as s,.;) of the corresponding coefficient of
the previous layer. The previous layer is denoted as s,.;. If the sign of current
coefficient is the same as that of the previous layer, then coeff ref dir flag=0, and if the
sign of current coefficient is different than that of the previous layer then
coeff ref dir flag=1. The two refinement bits may be combined into an alphabet of

three refinement symbols as follows in Table 1:



.conprise assigning values of zero to refinenent coefficients of the current

| ayer that have index values that correspond to one or nore pre-defined

i ndex val ues. [0087] In some cases, all type-0 refinenent coefficients

val ues are(ﬁﬁé 0 0 in both the encoder and decoder even if their quantized
val ue is di ? nt than zero. Since the anount of nonzero values wll be
very small, the inpact on the reconstrucised quality 070324 24 may be
out wei ghed by bitrate savings that can result for excluding information from
the bitstreamfor these type-0 coefficients. [0088] Alternatively, encode
nmodul e 72 could signal to the decoder %@Ehb |l type-0 coefficients val ues
wthin a certain area, e.g., within BF macr obl ock, are zero. |If not
all type-0 values-are actually equal to Q0. (e g, to guantization), they
could be encoddd togerErrefiflag |t he reavaffntehglix Jlog-[1 r ef iraksEmboldoef fi ci ent s
val ues. The net hod—of—encpdingitype=—t—refinement—qgoefficient fort
macr obl ocks in ich all type-0 | refinenent coeffigients levels dre equal to
0 should be difflerent  (e.g;, a differéent VLG used) than encepding refinenent
coefficients in|the macroblock ijn_which sone of the C type-0 refilnenent
coefficients are nonzero. In the fornmer casd, the probability of |any

refi nenment coef fi-et-ent—bei-ng—zerois—much-smallerthe latter—case. [0089] In
anot her exanple, history nodule 74 may define a first subset of the

other exampl e, h : f the
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t he enhancewiinjut deyetin@fomythe tethnigads ofehiedisceakf i ci ents, e.g., based on a
hi story such as that illustrated in FIGS. | A and 113. Encode nodule 72 can

i pcl ude i nfl9PHHtGosding éablesnE mpyecomprise ivadrle dengde podeyasds that are mAPRSdCi8ded

i stream i t] - I n fficignts in
z;é encoded (gﬁ?rseﬁ ?%g%&eﬁfﬁ(%cgéeﬂ?ﬁn‘gﬁﬁékgg btggiﬁﬁf%cgﬁy grf%ﬁ%%’r}?%?t é]reoqggé er&t hat

i nf or mat i orbifsor Chiipg-t@blee78name bt Wwaekl, & eaisdl sAsxalibited of [HE0haRtbe
descri bed herein, refinenent coefficients may have values restricted to -1,
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same (coeff ref dir_flag=0) or different coeff ref dir flag=1) than the
si gn (denotl8@9Hslable P)proyidenhene exareplpoddi Ng.Cctsble that epueldoge used for coding

refinement coefficients.




.the previous |layer. The previous |layer is denoted as s"_1. If the sign of
current coefficient is the sane as that of the previous |ayer, then coeff
ref dir_flag=0, and if the sign of current coefficient is different than
t hat of thenﬂygxlous | ayer then coeff ref dir_flag=1. The two refinenent
bits may be conblned into an al phabet of three refinenent synbols as
follows in Table 1: 070324 25 TABLE 1 cweff ref flag coeff ref dir_flag ref
symbol 0- 0 101 112 Aternatively, another schene could al so be
used to code the refinenent coefficients w thout departing fromthe

techni ques of this disclosure. j* looiéé;q$glng tabl es 78 may conpri se
vari abl e | ength codewords that are ma &J different sets of
coefficients, which may be defined by synbols, flags, or other types of

bits. Coding tables Rotpf (BeyaBdat €qCogs desiTed. Agyeausgber|of tables may
be included in Codijng tabl es” 78. Inlﬁone_cases, two tables afe used,
al t hough nore coul d| be |ncluded The lengthi ng {abl e used at any particul ar
time in the codi ng gchere {U%}b} seffected by jencodg modute 72, e.g., based
on content, or othern_factors. '[0092] [Table 2 provi des one exanIe of a VLC
%2BLE ;hg;oﬁougg ?ngSEd ﬂ@ﬁ:ﬁgglﬂg JEEthépEQE+EoePEIE|Eptf.lC ?60821}22
0011 {0, 0, 2? 5 00101 {0 9 3 Eﬁ U s TR edel T o

£0,1,0} 3 011

{0,1,1} 6 000101

10,1,2} 8 00000101
C {0,2,0} 5 00100

{0,2,13 7 0000101

{0,2,2} 9 000000101

{1,0,0} 3 010

{1,0,1} 6 000100

{1,0,2} g 00000100

{1,1,0} 6 000011

{1,1,1} 9 000000100

{1,1,2} 10 0000000011

{1,2,0} 7 0000100

{1,2,1} 10 0000000010

{1,2,2} 12 000000000011
C {2,0,0} 5 00011

{2,0,1} 7 0000011

{2,0,2} 9 000000011

{2,1,0 8 00000011

12,1,1} 10 0000000001

{2,1,2} 12 (00000000010

{2,2,0} 9 000000010

{2,2,1} 12 000000000001

22,2} 12 000000000000

[0093]) As shown in Table 2, different sets of refinement coefficients (as defined in
Table 1) may be mapped to the different variable length codewords. Table 2 also lists

the respective bit lengths associated with different codewords. The codeword mappings



{0, 1,1} 6 000101 {O,1,2} 8 00000101 {O,2,0} 5 00100 {O,2,1} 7 0000101
{0,2,2} 9 000000101 {1,0,0} 3 010 {1,0,1} 6 000100 (1,0,2) 8 00000100
(1,1,0) 6 000011 {1,1,1} 9 000000100 {21,1,2} 10 0000000011 (1,2,0) 7
0000100 {1,§yé% 10 0000000010 {1,2,2} 12 000000000011 (2,0,0) 5 00011
{2,0,1} 7 0% 3 1 {2,0,2} 9 000000011 {2,1,0} 8 00000011 (2,1,1} 10
0000000001 {2,1,2} 12 000000000010 {2,770} 9 000000010 {2,2,1} 12
000000000001 {2,2,2} 12 000000000000 [00931 As shown in Table 2, different
sets of refinenent coefficients (as defined in Table 1) may be mapped to

the di f1erept warlgblss!anatdysadevarfin fanle 2ialse, |disen Wi gppective

bit | engths associate eren ewor rd nmappi ngs
070324 27 A@cdﬂdiih%@[ BRtsekRtifg Qhe hﬁ;ﬁlbgﬂﬁeﬁhblﬁ,oaidihgl iegfidiencyepaglitef &hidved.

different VLC tables. Accordingly, by selecting the approprilate table,
codi ng ef f i &pending rﬁwnbéxsgl@mre,\ﬁgﬁgrenmmgﬁah@s msythei used depandingran whigtherer ent
cod 10,1201 £ R 3 P SRR e iNE WA Bt 1ok
excluded from the coded bitstream.
[0094] FIG. 7 1s a block diagram illustrating an exemplary coefficient decode unit 52A,
which may correspond to that shown in FIG. 5. Coefficient decode unit 52A performs
reciprocal decoding functions relative to the encoding that is performed by coefficient
encode unit 46. Thus, whereas coefficient encode unit 46 receives quantized residual
C coefficients (referred to as herein as the transform coefficients) and generates a
bitstream, coefficient decode unit 52A receives a bitstream and generates quantized
residual coefficients. Coefficient decode unit 52A includes a decode module 82, a
history module 84, and a set of coding tables 88. Like in unit 46, coding tables 88 of
unit 52A generally refer to tables that may be stored in any location, e.g., locally or off-
chip in a separate memory location. Coding tables 88 may comprise VLC tables and
may be updated periodically, as desired. Any number of tables may be included in
coding tables 88. In some cases two tables are used, although more could be included.
[0095] Coefficient decode unit 82 may perform separate decoding passes for significant
coefficients and refinement coefficients. In that case, the techniques of this disclosure
may be applicable to the coding or refinement coefficients only. Alternatively, the
C techniques of this disclosure could apply to a coding scheme that coded both significant
coefficients and refinement coefficients together in a coding pass. In any case, the
decoding performed by coefficient decode unit 52A may be generally reciprocal to the
encoding performed by coefficient encode unit 46.
[0096] In particular, coefficient decode module 82 may decode the bitstream knowing
that information of some refinement coefficients values (e.g., type-0 coefficients) is
excluded from the bitstream. The bitstream may include a signal to indicate this fact to
coefficient decode unit 82. In this case, history module 84 may perform a generally
reciprocal history assessment technique to that performed by history module 74 (FIG.
6).
[0097] In general, coefficient decode unit 52A codes refinement coefficients of an

enhancement layer in an SVC scheme. History module 84 evaluates the history of



-excl.uded fromthe coded bitstream [0094] FIG 7 is a bl ock diagram
illustrating an exenplary coefficient decode unit 52A, which may correspond
to that shown in FIG 5. Coefficient decode unit 52A perforns reciprocal
decodi ng f hgns relative to the encoding that is performed by coefficient
encode unit . Thus, whereas coefficient encode unit 46 receives quantized
residual C coefficients (referred to as 3%erein as the transform
coefficients) and generates a bitstream coefficient decode unit 52A
receives a bitstream and generates quantized residual coefficients.
Coeffi ci ent e e i nc code I ' dul e
84, and a s%%%gog%c%o i ﬁégle'ﬁ;ﬁh!éeg %g&?ﬁ?iﬁﬁ non%n?ryﬁgé Src?gé’.“ﬁgalf"'g%?{ég{% ng
unit 52A geqi@eémdt, nd eéede tRoddd 82 Sestifhdics Y diemsicofefilemBntdefficied! vais €. J. ,
locally or off- chip in a separate nenory |ocation. Coding tables 88 may
conpri se VL@se@¥edavitng current lagerupidtiectV ééﬁhw basedyon the Bswry.edhe mthernunber
of tables i i in - o) S | es are
oS RTer SEH BreBeBF rs AR B bl B SRR R e,

used, al tholugh more co b c

may perforniablepagatia sesadindefRizsesddloB2peafihi ¢ané lodkaps intei @BlE Mo
refinement coefficients. In that case, the techniques of this disclosure
may be applGodig dakles 88e te olfcods sodewerdpeitrethe ddisirsant | tongenesaeythe coded

Al ternativel t.het\ C techni ques of this disclosure could apply to a coding
schene thatc%gfbcé%f‘ both si gnificant coefficients and refinenent coefficients

t oget her i njoa9gjodistiy Rastitle $4maPefRSE first BgbseASTHAE kéTtheRRh{ deTREleRY of the
coefficient decode unit 52A may be generally reciprocal to the encoding

per f or med bgnheneenfant layar aetypodaelingment goefliotne) and dplng & sedoad subssepf thei ent

dgeode nodul ¢ 82 code t.he bitstrea now n t hat i nfor.mati.on qQf sone
& oo efnfifedl e RSO rrcFe SrlRtdeERRL KRR typdsl bRl B T o
the bitstrepmoddhgodild 82 R MewBIcHMCInfSithafion fBINMk thpe-1 et théfFicleast tO
coefficient decode unit 82. In this case, history nodule 84 nay perform a

general |y fremi theoerdodpd shitstrpams siod sgamarate duformaien tfor tthattypef f sinedeny

hi dule. 74 (FIG. §)..[0097] | ffjcient. decode unit 52A
Codes T ef | RO ericy Ht B gPalhn B AR A e R Ryt Eodfdin M ETCC TN,

Hi story nodghg iRleR¥aédBii®Sakhe history of 070324 28 transform coefficient
val ues associated with one or nore previous |ayers of the SVC schene, and
decode nodull@9y2Tade 2 phoescanradsodre viewed asafmiernd weding dabddsf § % i Howeweal whszeas

coding tables 78 (FIG. 6) map sets of coefficients to variable length codewords, coding
tables 88 (FIG. 7) map the variable length codewords back to sets of coefficients. In
this way, the decoding performed by coefficient decode unit 52A can be viewed as
being reciprocal to the encoding performed by coefficient encode unit 46.
[00100}] FIG. 8 is a flow diagram illustrating a coding technique for refinement
C' coefficients of an enhancement layer of an SVC scheme consistent with this disclosure.
The coding process of FIG. 8 applies to both encoding and decoding. As shown in FIG.
8, a history module 74, 84 evaluates a history of transform coefficient values associated
with one or more previous layers of the SVC scheme (91). Coding module 72, 84
estimates one or more refinement coefficient values associated with a current layer of
the SVC scheme based on the history (92). Coding module 72, 84 then codes the
bitstream (93). On the encoding side, the process of coding the bitstream may include
excluding information for one or more refinement coefficient values from the bitstream
and signaling to the decoder that such information is excluded from the bitstream. On
the decoding side, the process of coding the bitstream may include parsing the bitstream

to identify information that signals to the decoder that information is excluded from the



.associated with a current |ayer of the SVC schenme based on the history. The
other coefficients, which are included in the transmtted bitstream are
decoded using coding tables 88. In particular, decode nodul e 82 perforns
tabl e | ooku 3'@to one or nore coding tables 88 to decode codewords in the
bitstreamto génerate the coded coefficients. 100981 Hi story nodul e 84 may
define a first subset of the refinenent oefficients of the enhancenent

| ayer as type-0 refinenent coefficients, and define a second subset of the
refinenment coefficients of the enhancenent |ayer as type-1 refinenent

coefficient &‘Stfﬁﬁgg Igg(% ggg&#‘?ﬁn&?ﬁ%‘%@l&&gg{aﬁ?ﬁ%ﬁ ibQJe(ar B glixeoﬂisIo taéé&%ia‘@épe_ |

refi nement coe e 'enco eam and gener

i nf or mat i onwitRbné bembydsreBiotiefayors e fHe SCOEHent. ents. Again, the information
for the type-0 refinenent coefricients is excluded fromthe encoded

bitstream W988H1 TabFk:.29aisov eflleundiagren Hiustpengededwinke fof weading andol es
88. However, whereas .coding tabl.es 7 FI.G. 6). . seh,s..of goefficignts to
variabl e | IER LBReTERAEeNSg e eR, Mibltigh iRy yAlE g% iR Fah SRy

| engt h codeymihsin@Ck 9t Risfey tnddlileCPPEEfirek QNirSt subBet dfefind¥Adht doBBicies0sl ng
performed by coefficient decode unit 52A can be viewed as being reciprocal

to the encodped peefisiantd tnged oet f hisicent aspoiaigd it opsrespOEIQD ltrasormg | s a
flow diagramiJl.ustrating a coding techni gye refin n C.coefficients
of “an- enhant I OB ol Teomdul BUE ol el sty P Ree iRt G o
The codi ng prqessrdf 1(l $hovd ABRILESdRcBAL R BRQOUFGS RAE dREADNGowA: Shown
in FIG 8, a history nodule 74, 84 evaluates a history of transform

7
coef fici ent typedOuwesifwsmb i the 8 FGS tayenaed area A3 shqwseatyped doaffemient of the3s SVC

91 di dul 84 i mat fin t
oG 11t ont PSS o BOBH L Biest hoch st Pt R gie 15 TR BBn i bas oo
on-the i st aie S il GAdk BEOVEBNate £2a1uB0r IET ATAUGE: hithizRidrSITRATL(A8) . O

t he encodi ng side, the process of coding the bitstream may incl ude
excl udi ng i cHuse omet dronoredypod eodficiknr to havd & nemeero vabef (hgangmprohebiliiies), theom t he

b Ustr ean and SLANGLAGeL8 LUB,Secoter, LIRL, sveh, [oLor UL s exglec
oLy PRSBSOS U 08 i AR Lyl L s
bi t stream amwtfigenecat aongllyterzeexa notertré, bibhaveta lagh probebilignof teengieso.or y
assoc at ed [00102] History module 74 also defines a second subset of refinement
coefficients as type-1 coefficients based on history associated with corresponding
transform coefficients of one or more previous layers of the SVC scheme (95).
Referring again to FIG. 1B, area 104 shows a type-1 coefficient in the 3" FGS layer, and
area 105 shows a type-1 coefficient in the 2" FGS layer. In each of these cases, the
C prior history mandates or predicts that the coefficient can have several possible values,
e.g.,l,0or-1,
[00103] Encode module 72 encodes the bitstream to include information for type-
1 coefficients and to include or exclude information for type-0 coefficients (96). In
particular, encode module 72 may perform a variable length coding technique, such as
run-length coding or coded block pattern coding in which patterns of coefficients or
runs of zeros are mapped to variable length code words via coding tables. In this case,
shorter variable length code words may correspond to more probable patterns or zero-
run lengths, and longer variable length code words may correspond to less probable
patterns or zero-run lengths. In any case, this coding only considers the type-1

coefficients, and essentially skips the type-0 coefficients.



W th one or nore previous |layers of the SVC schene. [00101] FIG 9 is a flow
diagramillustrating techniques for encoding and transmtting refinenent
coefficient information consistent with this disclosure. As shown in FIG

9, history Qﬁﬁﬂﬁe 74 defines a first subset of refinenent coefficients as
type-0 coeftiCients based on history associated with correspondi ng transform
coefficients of one or nore previous |aygrs of the SVC schene (94).

Referring again to FIG 1B, area 101 shows a type-0 coefficient in the 2d
FGS | ayer, area 102 shows a type-0 coefficient in the 3d FGS | ayer, and

area 103 s typer0 ffieient.in the 3d FGS.| ayer. |n each,of .these
cases, the plf%ﬁ hi s%?cfﬁg%@g%gﬂggsopgeggﬁé Ssmf%ra%[%.tl?ﬁ ? S%&PH &%e%e@oc\}&rl I
nost pr obabliethéiéie anféahatﬁ)mivamspfor/w&:oltgbffﬁw@m isziatiuaed of trdtgedcRohd
cause one or nore type-0 coefficient to have a non-zero val ue (agai nst

probabi | i t ite pitstraae (H3.s Thist geppratadanfarppaornmey sfgnak ihahindonmaiienuabx@dededt zer o

| . 1.0b j h |4 he, decod
Gori ver 1 b Rt o sR00 CRRPy B AR Re PR Bt Bp BT 1°
non-zero, byised8¥@ng@ aPpled SHIPRGBYPel T Yo ficibts NghdZ A Qraluek AP 170 Ebsttigrentsmodul e

74 al so defines a second subset of refinement coefficients as type-1

coef fi ci entexchusédrasm thi bitgropmas Jbeidacatir us abledoridensfy ramidndjstingusshstypeh
coefficients .one_.or r revi.ous |layers of the SVC schene,.(95).

et er i g sgaTiFiTE e Dppd Pottet s e et 8 eigal BECRERPAIN e o'«

FGS layer, @pdo 3eERichEOIf IR Ere xENBEE FromOBE bitehr@nt and) dbdie Fhdbir@Ramayer . I n
each of theSe cases, the prior history nandates or predicts that the

coef fi ci entrecamstrhetvibe Sppeil aoeffosmith| dficalthe sncodmgyis, parfortedrto-genefa@othe3)

Encode nodul.e. 72 encodes the bhitstre o0 include infornation for type- |
711 ci ont SOHRET: B HELGHE I5reBRBIAdoPh et mibPoh SPBFE FHES G 1ok Fitbrent s
(96). In  paRtdeCshd mdRAQRAS R A0 iR lﬁ,z cHﬁ%ePQBf&HmeéeiV@rrld&Md%ldt&_n% *Qse‘éOd' ng

techni que, such as run-length coding or coded block pattern coding in which
patterns ofFl€o&j.ficients or runs of zeros are nmapped to variable | ength

code words Vi oding.tables. Ip this case shorter variable | ength code
wor ds may c%p pondglﬁltgfln]&'ég Br aﬁ‘é(b@@grﬁﬁ’c dlysfrating t YeE AT ITEHGYIAS  A%nd
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coefficientia, HOod &&sentdiadridemelijatort Hé tryqeved dbef Enaidedt bitstDeaal832d 03D
Receiver/demodulator 16 may perform physical layer demodulation and forward the
bitstream to a decoder 18. In particular, video decoder 18 may perform the techniques
of this disclosure to decode refinement coefficient information. To do so, decoder 18
may include a coefficient decode unit 52A as described above.
[00106] Decode module 82 of unit 52A identifies a signal in the bitstream

c indicating that information for type-0 coefficients is excluded from the bitstream (102).
The signal may comprise a frame or block header coded to convey that such information
is excluded from the bitstream. History module 84 defines a first subset of refinement
coefficients as type-0 coefficients based on history associated with corresponding
transform coefficients of one or more previous layers of the SVC scheme (103). Again,
referring to FIG. 1B, areas 101, 102 and 103 show exemplary type-0 coefficients in
various FGS layer. In each of these areas 101, 102 and 103, the prior history mandates
or predicts that the coefficient will have a high probability of being zero.
[00107] History module 84 also defines a second subset of refinement
coefficients as type-1 coefficients based on history associated with corresponding

transform coefficients of one or more previous layers of the SVC scheme (104).

Referring again to FIG 1B, areas 104 and 105 shows exemplary type-1 coefficients



[ 00204] Encode nodule 72 al so generates information to signal to the decoder
whet her the information (values) for type-0 coefficients is included or
excluded from the bitstream (97). This generated informati on nay signal
that infor | JA is excluded fromthe bitstreamfor type-0 coefficients,
and all ows thé decoder to know is the table- based coding applied only to
type-1 coefficients, and are val ues of tyjlpe-0 coefficients excluded from
the bitstream The decoder is able to identify and distinguish type-0
coefficients fromtype-1 coefficients, so the decoder can generate the

i nformationy. -0 _coeffiGien if4h [ xcluded from-t.h Listream
and decode rgreps F4B TR G FUERE Bassh b oSSR B BRI e by { he
encodi ng i scaelidiént iRthive sgeael @ssiblehrileshi.f.s1 el the bitstreamis
transmtted gagh{ e.g., froma source device 2 to a receive_ device 6 via
nodul at or / t 10 i tt erDacode anedwieeB2 decodasi infermstipa forsipeduteetibeients fiosethe FI G
2). [00105]...FLG 10,5\ a | ow..di.agram il |l ustrating techni ques f.of, receiving
ad | decoal M ural (1R m: o SR ol T B nhad Bt et fREh

di scl osur e. deBsdisip ®¥perfohnmzG@oddWordr 106RIPLQHiTodR) bBl® B8 16 he 6 QEWETs hﬁ?
encoded bitstream (101). ecei ver/ denodul ator 16 may perform physical |ayer
denodul at i e Bart of drenbitdireameandhmeaptte s afccogfitéenty that terrespangde the aoded,

v o0 Secogh 32 MRCRE RSk ShabER Shel Bt b SRR B RS
coef fi Ci enéprﬂﬁeﬂﬂ@‘ﬁattb@ﬁé oS ffaSeE 6L £drDe6h RPSNS of LOSHIBRhtsDREPIAcEDgaBIe82 Of

unit 52A identifies a signal in the bitstream C indicating that information
for type-0 lenghfcod¢ aords may esmréspded tof lesniptohablpiprtme afrceificients oTizerosiugnal

conpri se frame.or. bl ock header,.coded tq conv hat such i.nf ormati on
@excl Lde oo ErBl et B Shrs HiF POty S0 Sher S FPHER e baet o
refinement [oge®d)fi ci ePt@d@SmbHRE82 AR CIERnmtBASREH thpe-0iSbAlclen®s 3061 at ed
wi th corresponding transformcoefficients of one or nbre previous |ayers of

the SVC schBms, (dc03Je. mghila 82 rsefabler ithgdistingmisG Lpe-Giroeaficiants fidd® typet1103
show exenpl ary.type:0 coefficients in_, variqus F l ayer. I.n each,of these
areas 101 ST WUaHP AR FPDoPOMIE S e SPER TS ARSTC o AROW e
coeffi ci entahdidted AN the Bbﬂ&g@ﬁcﬂﬁ@%‘aﬁif&bfm ebethigien. AR HArtiduf 1§ehbddhdbaky

nodul e 84 al so defines a second sUbset of refinenment coefficients as type-1
coef fici ent& magessuoe thasalbtypedssmtiiatms hawet vulosrofespordid mgay genarasd srcm

Co e R P LB 08 e 5V BT 9k

coeffi ci ent&efficient identified by history module 82.
[00110] The techniques described herein may be implemented in hardware,
software, firmware, or any combination thereof. Any features described as modules or
components may be implemented together in an integrated logic device or separately as

C_ discrete but interoperable logic devices. If implemented in software, the techniques
may be realized at least in part by a computer-readable medium comprising instructions
that, when executed, performs one or more of the methods described above. The
computer-readable medium may form part of a computer program product, which may
include packaging materials. The computer-readable medium may comprise random
access memory (RAM) such as synchronous dynamic random access memory
(SDRAM), read-only memory (ROM), non-volatile random access memory (NVRAM),
electrically erasable programmable read-only memory (EEPROM), FLASH memory,
magnetic or optical data storage media, and the like. The techniques additionally, or
alternatively, may be realized at least in part by a computer-readable communication
medium that carries or communicates code in the form of instructions or data structures

and that can be accessed, read, and/or executed by a computer.



070324 31 different FGS | ayers. Each of these cases, the prior history
mandat es or predicts that the coefficient can have several possible val ues,
e.g., 1, 0 or -1. [001081 Decode nodul e 82 decodes infornmation for type-1
coefficient 5 mthe bitstream (105). In particular, decode nodule 82 may
performa variable length decoding by perform ng codeword | ookups into
coding tables 88. The codewords may be ypart of the bitstreamand map to
sets of coefficients that correspond to the coded type-1 coefficients.
Agai n, shorter variable |length code words may correspond to nore probable

patterns of f.fici s of. zero-run | ths of coefficients nd | anger
Variable 1OREEH coneTirdt HEY P tPuufl R s dBOR afeelie el S o g
coeffici e_ntﬁo&rdi%i@ﬂQigrnldﬂprdc@é?,@lts_f'(DS%), @@@a‘rﬁllomgwe&nicwpr@&xs&@sﬁ@a fibgiogodi ng
only considers the type-1 coefficients. [001091 Decode nodul e gener at es
i nf or mat i orspreifictigtpgrapdadrshits 6A By fiedd progrmmable degie arraysdiiP&1 /83, droothdil e t o
di stinguish_ t -0.coefficiepts . fromtype-1 .coefficients insofar as history
modul 6 84" NG AEEHEH SaeToit 1R Bt o AT e Terel o Goi it ¢ e
cor r espondiiygd heRisthay rreaslahl oF aRtfSregbMgRBnsthfWrahy oiRs 9FectiRGuUltsble &2 May
assune that all type-0 coefficients have val ues of zero, and may generate

such zer osimphemématam: off hernte¢hmiques ldesaibed dertivi de additiookin samgasperts, thee

| ti f t -0 . ficient identifjed by hjst dul . [ 001101
The. t echnt duesaratBr iertHEher BaY boarrvitb Rineedidtfioire modfs diar .
firmare, Ofardide GRIIIARbhARuL ratodifNind ERbUIESoIRSGHLRRH A% BRUMES Or

conponents may be inplenmented together Tn an integrated | ogic device or
separ at el y ddeo dicsderetesodart(CONEL oper abl e 1 ogi ¢ devices. If inplemented in

sgitware, t chni ques .. be realized,at |least in.part, by a.

puter r cdibie medl BB HEPROPRG hats GREIH  ehatl WrbA? ol dugeratd
performs ongrdf, RRpSetOASIAE FRBAN0dgicdss ¢hliRd c RO St onsN herdoP BB el E@dADI €
medium may form part of a computer program product, which may i ncl ude

packagi ng neerfrmadre. oriherecafnthe ttechnigees] dédcabedk beraim. nAycardimglyi, stais désabbowme
access nmenory (RAM .such as .synchronous nam c ndom access nenpr,

1 r - 1 - 1
(SDRAN | cAth SRS F s TEHERgIT G 1o Sr e Aty ok e e EBES TR eRB AP KA
el ectrical | p,e ¢ ehRY QRERITRPISy MReHa0™Y ¥irfRIRbHfi&EErRMode HeintmeRMr Y,
magnetic or (J()rpt)l?a?‘g}lP ‘data storage rrécpl%a, and ltrﬁg Ilbﬁéé ﬁe teocﬁnllleqﬁues
addi ti onal | goeffarental dfeamn anhaekmentrdyyebanr &alS\A@ dscheme e adierdim thardirchy &

ter- dabl i cat]
comput er rec%n%gux%dctg %ﬂlat%% i(s)trc])ry of transform coefficient values associated with one or
more previous layers of the SVC scheme, and estimate one or more refinement
coefficient values associated with a current layer of the SVC scheme based on the
history.
[00113] Various embodiments of the invention have been described. These and

C other embodiments are within the scope of the following claims.



medi um that carries or comuni cates code in the formof instructions or data
structures and that can be accessed, read, and/or executed by a conputer.
070324 32 [001111 The code may be executed by one or nore processors, such
as one or nore digital signal processors (DSPs), general purpose

m croprocesgRisys an application specific integrated circuits (ASICs), field
pr ogr ammabl e fogic arrays (FPGAs), or other equivalent integrated or
discrete logic circuitry. Accordingly, t3te term"processor," as used herein
may refer to any of the foregoing structure or any other structure suitable
for inplenentation of the techni ques described herein. In addition, in sone
aspects, th@ l&ﬂnctionality descri bed herein may be provided within

dedi cated s Pt re nmodul es or hardware nodul es configured for encodi ng and
decodi ng, or incorporated in a conbi netlAIMSieo encoder - decoder (CODEC) .
[00112] This disclosure may. alsQ be directed tg a circuit, such as an

i nt egrated lcirchinethedpirodingaeiinemenpepefiicisgisof 8p epbgncementdayasiimat i ons

t her eof conf. 0 L echni ques descri bed

her ei n. Ac%?%yﬁgﬁgl/%o %Oﬁ??@%@]lsglgﬁ?ééEhgﬁétgo‘gg%%gﬁ%bg‘t es a circuit configured
to perform any ofvaldaéing @hliutorg e srafdsm chftlciamortues ak@iciagwith enc bitnsre

di scl osure may provide a circuit configured to code refinenent coefficients
of an enhad@@W@H%hV@§@fWQSY¥3%ﬁ%ﬁ%éﬁ@ne, wherein the circuit is configured
to evaluate a hishgl¥,obnt LARSLALALERSH LhaERh: VALHSRATAOF hARGLuLLN One or
nore previous |ayers o e schene, "and estimat'e one oOr nore refinenent
coef fi ci entlay&loféise S¥ESachaticebasedl bh tie asioryent | ayer of the SVC schenme based
on the history. [001131 Various enbodi nents of the invention have been
descri bed. These and other enbodi nents are within the scope of the

f@hl owi ng ci ai ms, 07032 . [ Q0114]. | VB . d.. of dj

réi nement %oef fptl:el %l%i%gégf g’lglnn[lgh é%rcle%ﬁ{nﬁgw%s?ﬁﬂﬁﬁggaﬁhgﬁ egl?%dl f(glg%lercodi ng
(SVQ) schenmngmpri¥engexichdeheCianammation &r teyeskivatddefiferiéns eoéfficitht Vdlagskahm

coefficient values associated with one or nore
an encoded bitstream.

3. The method of claim 2, further comprising signaling to a decoder that the
information for the estimated refinement coefficient values is excluded from the

bitstream as determined by evaluation of the history.

4. The method of claim 1, wherein coding comprises decoding a bitstream, wherein
the bitstream lacks information for the estimated refinement coefficient values, the

method further comprising generating the estimated refinement coefficient values.

5. The method of claim 4, further comprising receiving a signal indicating that the
information for the estimated refinement coefficient values is excluded from the

bitstream as determined by evaluation of the history.

6. The method of claim 1, wherein coding the refinement coefficients of the
enhancement layer comprises coding refinement coefficients of an n™ layer of the SVC
scheme,

wherein evaluating the history comprises determining whether refinement
coefficient values associated with an (n-1)" layer of the SVC scheme had non-zero

values, and



previ ous | ayers of the SVC schene; and estimating one or nore refinenment
coefficient values associated with a current |ayer of the SVC schene based
on the history. C 2. The nethod of claim 1, wherein coding conprises

encodi ng, t thod further conprising excluding information for the
estimated refinement coefficient values from an encoded bitstream 3. The
met hod of claim 2, further conprising simginaling to a decoder that the
information for the estimated refinement coefficient values is excluded from
the bitstreamas determ ned by evaluation of the history. 4. The nethod of

e, bi Ustream as determ ned | ion of the history. 4. The n
bi tstroam | acks Htorat PanTs o7 TSRS N SR SR By OSER W v s,

t he et hodtht yiitréiNayee 6PmHpEies gssﬂﬁxﬂﬁg ailuaoftzes RIobfRiads 6ahe Ak et for
coefficient values. C5. The nethod of claim4, further conprising receiving

a signal i nwhichcpregsponding chefficicatsei e (ol faer hadnensesrawabigs r ef i nement
coefficient values is excluded fromthe bitstream as determ ned by

eval uation of the history. 6. The nethod of claim1, wherein coding the
refinement goef fTied @bthed of clhig 1, enhancenent | ayer conprises coding
refinement coefficients of an nth layer of the SVC schene, wherein

eval uating t he hivBtreinevelyapng thedidenyaompnisespssigamgendaxefalyes fereflingodtif i ci ent

val ues associ ated w an -1 h,layer of the SYC schene had non-zero

Val tes, “and o ohhe Satlidlec dps RSB xElen s tops PSR PP R ERRRBORBE T ci e
val ues assogirdfefh ddeffltiert RelueHIAdsEE htel] MAIthE OADEH B8R REFLEIaNEs valSVOf zero
to coefficients of the nth layer for which corresponding coefficients of

t he (n-1) hschemerandad non-zero val ues. 7. The method of claim 1, wherein

exal uating the history conprises assigning index values for refi.negent
1 i Tc ents of VHueR AR B5rd o R RAmknem ol v bR L pon
cor respondi ®gh tﬂer@ﬁ‘éﬁplhgér%%é $ v CabhenYaddisisas 8RnAl 2 ehlUdstdT tREoone or nore
previ ous | ayers of the SVC schene; and

refinement coefficients of the current layer that have index values that correspond to one

or more pre-defined index values.

8. The method of claim 1, wherein coding comprises encoding, the method further
comprising:

defining a first subset of the refinement coefficients of the enhancement layer as
type-0 refinement coefficients;

defining a second subset of the refinement coefficients of the enhancement layer
as type-1 refinement coefficients;

C including information for the type-1 refinement coefficients in an encoded

bitstream; and

excluding information for the type-0 refinement coefficients in the encoded

bitstream.

9. The method of claim 1, wherein coding comprises decoding, the method further
comprising:

defining a first subset of the refinement coefficients of the enhancement layer as
type-0 refinement coefficients;

defining a second subset of the refinement coefficients of the enhancement layer

as type-1 refinement coefficients;



wherein estimating the one or nore refinement coefficient values associ ated
‘'With the current |ayer of the SVC schene conprises assigning val ues of zero
to refinenent coefficients of the current |ayer that have index val ues that
correspond to one or nore pre-defined index values. 8. The nmethod of claim
1, wherein @dRsg conprises encoding, the nethod further conprising:
defining a first subset of the refinenent coefficients of the enhancenent

| ayer as type-0 refinenment coefficients? defining a second subset of the
refinement coefficients of the enhancenent |ayer as type-1 refinenent
coefficients; including information for the type-1 refinenent coefficients

in an encoded hidcsdingamformattbnefisethedimgl refinemient doeffidiaits from dry@eoded
refi nement coefficients in the encoded bitstream 9. The nethod of claim]1,
wher ei n coddFye¥Bndi ses decodi ng, the nethod further conprising: defining

a first subset o en%ﬁﬁpé ?Jfoﬂﬁ%go'ﬁtfglg@?&{/ ﬁagﬁ %%%m%t dptoggfbcgg{?ﬁo ?ﬁgtthel ayer as

type-0 refinene coerficren secon refi nenent

coef fi ci entigfomatibie e nikeRypeOasfindniste tocfldichi PeexclidUifrmimetencodddl i ci ent s;
070324 35 decoding information for the type-1 refinenment coefficients from

an encoded biBte#dfr eam and generating information for the type-0 refinenment
coefficients, wherein the information for the type-0 refinenent
coefficients is excluded fromthe encoded bitstream 10. A device that

codes refi ngyent A deeic tiaik efles réfineAitnefivEfciente of ad entRihcdmed layeeal @bl e vi deo
coding (SVC) schene, the device conprising: a history nodul e that eval uates
a history ofalabrideoreodamdBM@iselrms, thadeyicecompsisigigat ed with one or nore

i I f. the S , d dj du] t I mat
brevi ous | ayer s o 4 e, SN SERCURL AN SF bhFRA G chliBl ViRl Mt es one or

C associated with one or more previous layers of the SVC scheme; and
a coding module that estimates one or more refinement coefficient values

associated with a current layer of the SVC scheme based on the history.

11.  The device of claim 10, wherein the coding module comprises an encode
module, wherein the encode module excludes information for the estimated refinement

coefficient values from an encoded bitstream.

12, The device of claim 11, wherein the coding module generates a signal to indicate
that the information for the estimated refinement coefficient values is excluded from the

bitstreamn as determined by evaluation of the history.

13.  The device of claim 10, wherein the coding module comprises a decode module
that decodes a bitstream, wherein the bitstream lacks information for the estimated
refinement coefficient values, and wherein the decode module generates the estimated

refinement coefficient values.

14. The device of claim 13, wherein the coding module receives a signal indicating
that the information for the estimated refinement coefficient values is excluded from the

bitstream as determined by evaluation of the history.

15.  The device of claim 10, wherein the coding module codes refinement

coefficients of an n™ layer of the SVC scheme,



-associated with a current |ayer of the SVC schene based on the history. 11.
The device of claim 10, wherein the coding nodul e conpri ses an encode

nodul e, wherein the encode nodul e excludes information for the estimated
refinenment ggpaefificient values froman encoded bitstream 12. The device of
claim11, m%erein t he codi ng nodul e generates a signal to indicate that the
information for the estimated refinenent3coefficient values is excluded from
the bitstreamas determ ned by evaluation of the history. C 13. The device
of claim 10, wherein the coding nodul e conprises a decode nodule that
decodes a bi t Str eAMRAERRITy huR! dRb ERTIRGHSS rdTHeRAPLIRR: bR val e
estimated refinenent coeftiCient values, an erern e decode nodul e

gener at es t#wodstd wathea (nf1oF layerefthe SVEF foheine hid vah-ued.vals, aide devi ce of
claim 13, wherein the coding nodul e receives a signal indicating,that the

information for Wherewshe rediBgmodierssiant valusrf zefodacostiicisat afghexclayered from
the bitstr ] i i The devi ce of
claim 10, gﬁgeh?c} ee?;écg}g:ih %Cotr%%%ﬁ%/@é g@hégﬁrl g’;%a%%qngﬁtn%h%ng{%@?sém s of an nth
| ayer of the SVC schene, 070324 36 wherein the history nodul e determ nes
whet her refinenent coefficient values associated with an (n-1)th | ayer of

t he SVC schhe hike dyiceadcdinagllies, and wherein the coding nodul e assigns
val ues of zero t flfle t r i - i ng
coet 1 cients of VRESHY FFM BB Rt nebErale oblettegh: SREAGITRIE' o
claim 10, whergitntiferheiiey vaRdyben@d&icatent upoe sory@pueding aandfedm nement
coefficients of the current |ayer, the index values being dependent upon
cor r espondi ¢gitigiem yrbesrrsseiatetivithetie opepuBerepysvienatagerswi ﬂw §¥e seheaesr nore
PL&Vi ous Ia%edrs of the SVC schene; C and wherein the coding nodul e assi gns
v&ues of z&Fo to refinenment coefficients of the current | ayer that have

i ndex val ues t haivh&ein' the pedifg hddOR&sAEnIWlesRIT Qerdab réfRttmenneGoffivianties. 17.

The device of claim 10, wherein the coding nodul e conprises an encode
the current layer that have index values that correspond to one or more pre-defined

index values.

17.  The device of claim 10, wherein the coding module comprises an encode
module, wherein:
the history module defines a first subset of the refinement coefficients of the
enhancement layer as type-0 refinement coefficients, and defines a second subset of the
refinement coefficients of the enhancement layer as type-1 refinement coefficients; and
the encode module includes information for the type-1 refinement coefficients in
C. an encoded bitstream, and excludes information for the type-0 refinement coefficients in

the encoded bitstream.

18.  The device of claim 10, wherein the coding module comprises a decode module,
wherein:

the history module defines a first subset of the refinement coefficients of the
enhancement layer as type-0 refinement coefficients, and defines a second subset of the
refinement coefficients of the enhancement layer as type-1 refinement coefficients; and

the decode module decodes information for the type-1 refinement coefficients
from an encoded bitstream, and generates information for the type-0 refinement
coefficients, wherein the information for the type-0 refinement coefficients is excluded

from the encoded bitstream.



-nmodul e, wherein: the history nodule defines a first subset of the refinenent
coefficients of the enhancenent |ayer as type-0 refinenent coefficients,
and defines a second subset of the refinement coefficients of the
enhancenmentyj@aygr as type-1 refinenent coefficients; and the encode nodul e

i ncl udes iﬁ%ornation for the type-1 refinenent coefficients in C an encoded
bitstream and excludes information for 3the type-0 refinenent coefficients
in the encoded bitstream 18. The device of claim 10, wherein the coding
nodul e conpri ses a decode nodul e, wherein: the history nodul e defines a
first subset of the refinenent coefficients of the enhancenent |ayer as
type-0 refinenment coefficients, and defines a second subset of the

refinement toef fTid @i offcldife Opnwharoeme dbvic@yehpses bypiee]dssicommaiatibn
coefficients; and the decode nodul e decodes information for the type-1
refinement 4¥&®ficients froman encoded bitstream and gener at es
information for the type-0 refinenment coefficients, wherein the information
for the type-0 refinenent coefficients is excluded fromthe encoded

bi t stream Y0324 c3ihputkB-realiible he3dif coimpssiaf isklctiRahfRiupoh BLecllvh G2
conprises a wireless conmmunication device._ 20. A conputer-readabl e nmedium

conpri si ng Yifea easeng daviceraause thp daviex treeadr aefinemeat caaffieionts ofrmentiaciredntcause
scal anl e vi B8 RaGFIEDe SIS baRETRVCTRERbR, Shidh REPRNETIRcopeE  he °

device to: @aleygte a history of transform coefficient val ues associ ated
with one or nore C previous |ayers of the SVC schene;, and estinmate one or
nmore refinenent evebfatd chistery obtranséorasenstiicaand yalnes assaciaigd vath onelaayegre of t he
SYC schene based ﬁ]n thf hii\zeré. 21. The conputer-readabl e medi umof claim
wher ei nP'EHEY BETP @ fl?eo & IEF e device to encode the refinenent

coeffi C! ents of ésﬂﬁla&ncﬁ}ﬁ\:r&@ﬁ@r@ffreﬁlﬂzﬁféﬁn c&&‘ﬁcimgﬁaﬁie@aﬁsla@ia.tédﬂﬁﬂtﬁ 4 6lid@Mns cause
the device to exclude information for the estinmated refinement coefficient

val ues fronager ofitlobéd sbhanse basgdon the history.

21.  The computer-readable medium of claim 20, wherein the instructions cause the
device to encode the refinement coefficients of the enhancement layer, and wherein the
instructions cause the device to exclude information for the estimated refinement

coefficient values from an encoded bitstream.

22, The computer-readable medium of claim 21, wherein the instructions cause the
device to include a signal in the encoded bitstream indicating that the information for
C the estimated refinement coefficient values is excluded from the bitstream as determined

by evaluation of the history.

23.  The computer-readable medium of claim 21, wherein the instructions cause the
device to encode the refinement coefficients of the enhancement layer, and wherein the
instructions cause the device to:

define a first subset of the refinement coefficients of the enhancement layer as
type-0 refinement coefficients;

define a second subset of the refinement coefficients of the enhancement layer as
type-1 refinement coefficients;

include information for the type-1 refinement coefficients in an encoded

bitstream; and



-22. -The conput er -readabl e nedi um of claim 21, wherein the instructions cause
the device to include a signal in the encoded bitstreamindicating that the
information for the estimated refinenment coefficient values is excluded
fromthe biggppgam as determ ned by evaluation of the history. 23. The
conput er -r eadabl e medi um of claim 21, wherein the instructions cause the
device to encode the refinenent coefficignts of the enhancenent |ayer, and
wherein the instructions cause the device to: define a first subset of the
refinement coefficients of the enhancenent Iayer as type- 0 refi nement
O et kil AR By BRG0D IR nlRl LASHRAN FRRLILELRAT s of fhe
enhancenent Iayer as 't I'ne coe icren ormation
for the tymﬁmhemﬁflnenent coefficients in an encoded bltstrean1 and 070324
38 exclude information for the type-0 refinenent coefficients in the
encoded bitstream 24. A device that codes refinenent coefficients of an

enhancerrent ) 2y ek dolicd i R el S RTLAY of S naRb R uplily £ 2

COI’TpI’I Si ng. nea eva orm coe f1Clent val ues

associ at ed Walable i) @fdlrrg)(rsa/(grsemr@mhd @ewwe&oﬁfprfrsh@ SVC schene; and neans
for coding that estinmates one or nore refinement coefficient val ues

associated with meerpéWalua@ysra higtonyrnd tignafone Besflicisaealuasrassaseated withry. C

25. A circuit confiqgured to co ﬁ g nt coefficients of an enhancenent
layer in a EcHI™BF r?Vl“H’Eda%e(S%I? Beg \9?73‘: EVREE, wherein the circuit is

configured to: evaiidbecAlinY GhOsYiniteslond s iRtdicgiashbhicdoeicishvhigss associ at ed
with one or nore previous Tayers of the SVC schene; and estimte one or

more refi neseriatedafthiaciuerent kpgnafsheaS¥6sthanerbased hn ghechistonnt | ayer of the
S& schenme based on the history. C

25. A circuit configured to code refinement coefficients of an enhancement layer in
a scalable video coding (SVC) scheme, wherein the circuit is configured to:

evaluate a history of transform coefficient values associated with one or more
previous layers of the SVC scheme; and

estimate one or more refinement coefficient values associated with a current

layer of the SVC scheme based on the history.



