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USI NG ADAPTI VE VARI ABLE LENGTH CODES [0001] This
wappiioestid on clains the benefit of U S. Provi sPOnak2007/073003

Application No. 60/830,491, filed July 12, 2006, the

entire content of which is ingorporated herein by

reference. TECHNI CAL FI ELD [0002] This disclosure

relates to digital video and, nore particularly,
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HesKerspccconput ers, digital caneras, digital recording
devi ces, video gam ng devices, cellular or satellite
radio telephones, or the Iike. Digital video devices
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efficiently. Video conpression techniques perform
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redundancy i nherent in video signals. [0004] In video
codi ng, video conpression generally includes spatia

predi ction, notion estiBRCKGRANNDOtI on

conpensation. In particular, intra-coding relies on
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vi deo bl ock fromthe original video block. [0005] The
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Inter-coding relies on temporal prediction to reduce or remove temporal redundancy in
video within adjacent frames. 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 video blocks in one or more
reference frames. Motion compensation uses the motion vector to generate a prediction
video block from a reference frame. After motion compensation, a residual video block
is formed by subtracting the prediction video block from the original video block.
[0005] The video encoder applies transform, quantization and entropy coding processes

to further reduce the bit rate of the residual block. Entropy coding generally involves
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quanti zati on operations. Exanples include
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whi ch nmay be used as alternative entropy coding nodes

N some encoders. A vid d d f j

PRI ST T RissRepd ey vAiale Eneliron (s \okigr compress
tRRIuADdeftidntd prodRddddy thd thaksEsdlatal quanfigitidh bipeftiby. Examples
each of the bl ocks. SUVMMARY [0006] In general, the

mchide senfest-3dapay e iy durithmeticcdodingu A BAE) angonfaxeadaptive
e ' . ' ¢ gi C '

KBTS0 ARLTND oy L ol ¥ pocine

fnodeseintsompyencattirN A oided dsdoduspertoork inverenipsrapivadisaecbnstruct

y a predictive cqdi ng. pr.ocess. The techni gues. may be
PP drvsiop; e toan rdetosmaton m@tre%lgwg Igiggmation for cach of

BR%$ddens of nonzero transform coefficients using

runs of zeros. As one exanple, the techniques may be

applied to code transformcoefficients in a fine

granularity scalability (Egﬁ%wbg%gr used for scal able
video coding (SVC). The a 1 LC techni ques may
adaptively adjust a VLC process to pronote reduced
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encode the magni tude information of the nonzero
eided tnesident s i n separate coding paraneters. In an
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el KSR #! &Z%Q)Qﬁ, and may encode the magnitude information of the nonzero
coefficients in separate coding parameters. In an additional aspect, the adaptive VLC
techniques may code chroma DC and AC blocks independently of one another, and
independently of luma blocks, using separate EOB shift, special EOB shift, and VLC
codebook selection tables that are tuned to the chroma DC blocks, chroma AC blocks
and luma blocks, respectively.

[0008] The disclosure provides, in one aspect, a video coding device comprising a

variable length code (VLC) unit configured to perform VLC coding of digital video
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software may be executed in one or more processors, such as a microprocessor,
application specific integrated circuit (ASIC), field programmable gate array (FPGA),
or digital signal processor (DSP). The software that executes the techniques may be
initially stored in a computer-readable medium and loaded and executed in the
processor. Accordingly, this disclosure also contemplates a computer program product
comprising a computer-readable medium that comprises instructions to cause a

processor to perform any of a variety of techniques as described in this disclosure.
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described in this disclosure. WO 2008/ 008714
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DETAILED DESCRIPTION

[0025] FIG. 1 is a block diagram illustrating a video encoding and decoding system 10.
As shown in FIG. 1, system 10 includes a source device 12 that transmits encoded video
to a receive device 14 via a communication channel 16. Source device 12 may include a
video source 18, video encoder 20 and a transmitter 22. Receive device 14 may include
a receiver 24, video decoder 26 and video display device 28. System 10 may be

configured to apply techniques for adaptive variable length coding (VLC) of digital
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communication media, for transmitting video data from source device 12 to receive
device 14.

[0028] Source device 12 generates video for transmission to destination device 14. In
some cases, however, devices 12, 14 may operate in a substantially symmetrical
manner. For example, each of devices 12, 14 may include video encoding and decoding

components. Hence, system 10 may support one-way or two-way video transmission
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some aspects, video encoder 20 and video decoder 26 may be integrated with an audio

encoder and decoder, respectively, and include appropriate MUX-DEMUX units, or
other hardware and software, to handle encoding of both audio and video in a common
data stream or separate data streams. If applicable, MUX-DEMUX units may conform
to the ITU H.223 multiplexer protocol, or other protocols such as the user datagram
protocol (UDP).

[0032] The H.264/MPEG-4 (AVC) standard was formulated by the ITU-T Video
Coding Experts Group (VCEG) together with the ISO/IEC Moving Picture Experts
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ﬂﬁgegrated services digital broadcast - terrestrial), or DMB (digital media broadcast).
Hence, source device 12 may be a mobile wireless terminal, a video streaming server, or
a video broadcast server. However, techniques described in this disclosure are not
limited to any particular type of broadcast, multicast, or point-to-point system. In the
case of broadcast, source device 12 may broadcast several channels of video data to
multiple receive device, each of which may be similar to receive device 14 of FIG. 1.
[0035] Video encoder 20 and video decoder 26 each may be implemented as one or

more microprocessors, digital signal processors (DSPs), application specific integrated
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[0038] FIG. 2 is a block diagram illustrating an example of a video encoder 20 as
shown in FIG. 1. Video encoder 20 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
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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 36. Motion estimation unit 32 identifies the best block partitions and
motion vector or motion vectors for a video block using certain criteria, such as a rate-
distortion model. For example, there may be more than motion vector in the case of bi-

directional prediction. Using the resulting block partitions and motion vectors, motion

compensation unit 36 forms a prediction video block.
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corrpensatl on unit to enco
encoded by video encoder 20. In the example of FIG. 3, video decoder 26 includes

entropy decoding unit 52, motion compensation unit 54, inverse quantization unit 56,
inverse transform unit 58, and reference frame store 62. Video decoder 26 also may
include an in-loop deblocking filter (not shown) that filters the output of summer 64.
Video decoder 26 also includes summer 64. FIG. 3 illustrates the temporal prediction

components of video decoder 26 for inter-decoding of video blocks. Although not



subsequent video frame. [0045] FIG 3 is a block
diagramillustrating an exanple of a video decoder 26.
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decoded video to drive display device 28 (FIG. 1).

[0048] Currently, the Joint Video Team (JVT), which consists of the video coding
experts from ISO/IEC MPEG and ITU-T VCEG, is working on the SVC standard,
which is a scalable video coding extension to H.264/AVC. The common software,
called JSVM (Joint Scalable Video Model), is being used by the participants. JSVM
supports combined scalability. An SVC bitstream can have fine-granularity scalability,

spatial scalability, temporal scalability, or any combinations of the three.
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bl ocking artifacts. The filtered bl ocks are then
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coefficients 66, 68, and a majority of zero-value residual transform coefficients 70 in

gray. In the example of FIG. 5, the FGS layer block includes non-significant
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techniques to code the positions of significant coefficients as runs of zeros in an FGS
enhancement layer will be described throughout this disclosure for purposes of

illustration, but without limitation to the application of such techniques to other coding



better coding performance. [0054] The adaptive VLC
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(VLC) is the index of a symbol in the symbol set of zero runs and EOB. In this symbol
set, a zero run of longer length has a larger index, and the index of the EOB symbol may
depend upon certain coding conditions, such as the subband position where the EOB is
encountered, as described below. The symbol set is then encoded with VLC techniques
that assign shorter codewords to smaller index values.

[0057] An EOB shift table may be used to identify the index of the EOB symbol within
the symbol set. For example, an EOB shift table may be formulated as EOBshift[]={16,
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coefficients as runs of zeros in a residua
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refinement coefficients encountered during the course of scanning do not contribute
toward the zero run. For example, in the FGS layer block in FIG. 5, the zero run to

significant coefficient 74 is 1 instead of 3 because refinement coefficients 78 and 80 are



contains significant coefficient 92 which has a
magni tude of 2, a special EOB is sent for Block 1.
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regul ar EOB shift table to code the EOB synbol, a
speci al EOB synbol, indexed froma special EOB shift
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Q}%Yee. VR ieﬁcuo%gr &8LE" hé idle'the optimal EOB shift table and codebook
selection table based on the statistics for each coding cycle. In the actual coding pass,
video encoder 20 would send the optimal EOB shift and codebook selection tables in
the bitstream and then use them to perform significance coding for the current FGS
layer. Hence, to achieve high coding performance, a dedicated pass may be needed to
collect statistics and decide optimal coding parameters, ¢.g., the EOB shift table and
codebook selection table, followed by an additional pass to perform coding with the
optimal coding parameters. Unfortunately, such a significance coding scheme has a
number of shortcomings.

[0067] As one example, in an SVC JD9 implementation, encoder complexity may be

high by making two passes through the video slice, the first to tally statistics for table



Vi deo encoder 20 woul d then encode the "magnitude - 2"

of each such coefficient using wunary code. In the
wez@spbssiof block 1 in FIG 7, 3 bits are sentP@DUS2007/073003

identify that the last significant coefficient 92 has

magni tude greater than 1, aftgy which no additiona

i nformati on needs to be sent. More details concerning

magni t ude codi ng can be found in SVC JD9. [0066] In
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f(&%fg}f iqs%%ggdgmvgg\%fgh Hl?sg criliisctzlggu?e,%ri((ieeaot e%rcoctierll a28 nf:ll-ayi bse configured to
implement adaptive VLC techniques. In some aspects of this disclosure, the adaptive
VLC techniques may be formulated to overcome one or more of the disadvantages
associated with the existing SVC JD9 implementation outlined above. Moreover, the
adaptive VLC techniques as outlined in this disclosure provide a general VLC coding
framework that may be applied to any single layer or multiple layer video coder that

codes block coefficients as runs of zeros. Accordingly, such techniques are not

necessarily limited to SVC.



[0069] As a further exanple, coding of chroma
coefficients according to the SVC JD9 schene tends to
wheoosned7id ci ent. Li ke H 264/ AVC, in SVC, the cP€DDOS2007/073003
coefficients are sent as chroma DC and chroma AC. In
codi ng of chroma DC and AC significant coefficients,

only one 16-entry EOB shift table for chroma is
included in the FGS | ayer bitstream This EOB shift
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[[0071] For exa tropy. coding unit 46 of video .
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and codebook sel ection tables, based on
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bitstream |nstead, the EOB shift, special EOB shjft
BiHe theh gelissbithe stelistics dhdecid erinal odling @rismeter §3bigsewithout

Cl@%iét%?@lﬁ@“p‘éﬁbﬁngﬁg Beffdl@e ®n g&]cﬁﬁgr?, fin 82 AR MNARES layer of an

SVC slice, because no tables need to be sent by video encoder 20 at the beginning of the
slice, the adaptive VLC scheme also may increase the rising slope at the start of the rate-
distortion curve in a bitstream truncation scenario. Entropy decoding unit 52 of video
decoder 26 may apply the same techniques used by entropy encoding unit 46 of video
encoder 20 to support adaptive VLC at the decoder side.

[0074] Another refinement to entropy coding unit 46, in accordance with an aspect of

this disclosure, may involve coding a special EOB in two symbols as SEOB and



[0072] Entropy coding unit 46 updates the interna
states within video encoder 20 based on statistics

wa@ewsnud7at ed during a coding pass. Simlarly, BCE/DSwY7/073003

decodi ng unit 52 wupdates the internal states within
vi deo decoder 26 based on stajj stics accunul at ed

during a decoding pass. The collection of statistics
and adj ust nent of coding par aneters can be perforned
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vi deo encoder 20 at the beglnnln of the slice

shifi pable maybe ngdnfamed i) wdeqencodeiciasapturethe pgqhqbﬂ@r @%leocks
Ve

ke Tt ShoiPEn BB mE AL R OB TS 1% ocial FOB shif

ﬁBleQﬁaWbedﬁdexdﬂl&ﬁﬂdﬁﬁm%dﬁ@Coaﬁmbys t fienimaoedihg cdsmim:pisslsed to

used by entraqpy. enco un t 46 of. vi encoder
s thsdeP® shidigleyveic pehsrubpred qosiige q@redt@e SmﬁEPB occurs,

6@k Q@&m% 8fd1p gwé'ﬁneﬁ(?n SO Y, nf gdderhged"fd ihdébthe 'sﬁemal EOB shift

accordance” w th an aspect of iI's disclosure, my
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set con ero runs
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combi ned synbol set may be determ ned entrop
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{}{%962 Itg god({se tilg El?rznngtﬁg gné ch ctogpfs c?ents. An adaptive coding scheme may
also be used, in which case such tables may be maintained as internal states that are
dynamically adjusted based on statistics collected during a coding pass, ¢.g., as
described above. In this manner, video encoder 20 can separate coding of the chroma

DC and AC blocks. In addition, chroma DC and AC blocks may be coded separately

from luma blocks. As a result, both chroma DC and chroma AC coefficients have



coefficients with nmagnitudes |arger than one is sent.

For coding of the nmagnitudes, a schene simlar to the
wW@e®s8008714 er nSynt' as in SVC JD9 may be used. [POWE$2007/073003

Al ternatively, other schenmes that provide better

codi ng performance may be wused. If a schene as

described in SVC JDO is used, then the val ue of

ternﬁyn1 may be coded separately by video encoder 20
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durin
coefﬁ01ents. The 51gn1ﬁcant coefficients in the enhancement layer are coefficients that

are nonzero in the enhancement layer for which corresponding coefficients in the base
or previous layer are zero. Alternatively, positions of both the refinement and
significant coefficients in an FGS video block of a SVC slice may be coded as runs of
zeros, thereby reducing the system complexity of applying a separate coding mechanism
for refinement coefficients. As described in this disclosure, however, the adaptive

scheme may be applicable not only to significance coding in an FGS layer in SVC, but



[0077] Entropy decoding unit 52 of video decoder 26
may apply simlar techniques to support the use of

w@epanet7es EOB shift, special EOB shift, and copebusioo7/073003

selection tables for chroma DC and AC coefficients.

In each case, a VLC unit realjged by entropy coding
unit 46 or entropy decoding unit 52 nmay be configured
to perforn1VLC coding of chronma DC and AC blocks
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[0081] Upon initialization, a particular EOB shift table, special EOB shift table, and
codebook selection table may be selected as a default. The default may be determined
arbitrarily or based on empirical analysis of typical video data slices handled by entropy
coding unit 46. Then, in response to coding statistics collected by statistics analysis
module 100, such as zero runs, EOB counts and SEOB counts, VL.C adaptation module

102 may adjust the EOB shift table, special EOB shift table and codebook selection



[0080] FIG 8 is a block diagram of an entropy

encoding unit 46 configured to apply an adaptive VLC
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internal states memory 112.

[0084] In operation, VLC decoding module 106 does not decode EOB shift, special

EOB shift and codebook selection tables from the bitstream. Instead, as with entropy
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contents of internal states memory 112 to obtain the EOB shift, SEOB shift and
codebook selection tables needed for VLC decoding of the incoming bitstream, and
generates quantized residual coefficients as output for the remainder of decoder 26.
[0086] FIG. 10 is a flow diagram illustrating an adaptive VLC process in accordance
with an aspect of the disclosure. In general, the process of initializing the internal states
memory 114, collecting statistics from the video slice 122, and updating the internal

states memory 124, as illustrated by FIG. 10, may be implemented within video encoder
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RIIISBLJBQ’@W @280 8 un262 may operate in a similar, but inverted, manner to

entropy decode an incoming, encoded video bitstream. In particular, the entropy
decoding unit 52 follows the same initialization and updating processes of the internal
states memory in order to stay in synchronization with the entropy encoding unit 46.
Accordingly, consistent with this disclosure, entropy encoding unit 46 and entropy
decoding unit 52 may be configured to perform variable length coding of digital video

block coefficients using VLC parameters, and collect coding statistics during the VLC



20, video decoder 26 or both. Application of the
adaptive VLC process within video encoder 20 and,
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¥bft the table EOBshift under the current coding condition (EOBshift[cond]) (152), and
increments the regular EOB count (EOB COUNT) in the array runStats (154). In either
case (SEOB or EOB), video encoder 20 proceeds to update the EOBshift, sSEOBshift and
cbSelect parameters (140) based on the contents of the array runStats, and normalize the

contents of runStats if needed (142). Video encoder 20 then continues the process for
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cycle, respectively. The codebook selection (cbSelect) table identifies which codebook
is used to code the indices of these symbols in each cycle.

[0093] During encoding of zero runs, special EOB, and EOB, video encoder 20 updates
the array runStats accordingly. The EOBshift table, sSEOBshift table and cbSelect table
are updated according to the accumulated statistics stored in runStats. The updating may

occur periodically. For example, the update may happen at the boundary of a 4x4
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coefﬁ01ents may or may not be grouped together and sent at the end of the block. If the

magnitudes are grouped and sent after the end of the block, then the concept of using
special EOB presented in this disclosure may also be applied to improve coding
performance. For example, VLC coding may comprise coding magnitude information
of coefficients within a block having magnitudes greater than one after an end-of-block
symbol is coded, and using a special end-of-block symbol to indicate presence of

coefficients having magnitudes greater than one within the block. In such a video
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aﬂeng) mythstatistiessofZEBstun$ and regE@E@iB‘ t1¢01d¢33h¢ goicjal EOMB shift table

r St ts for i.dea slice in substanti.al e. .
lhenitnrostteig il WGHE M 56 i gontcadi by EOR s wble
L QBho ALscHRESH 8D 1Z ThR prélasterHER sptathl EOE RIS YAWOMSy then be
fromthe bitstream and ;Bdates the array runStats

wied sluding ghoschensee dong pasywhen thededsoddige srooded.he

same posi t
Dlo2h S5 o5 RGO bl D Bl e RS s or
piddesnpaIfegha abftitipaks i dkoyn dvédaeansfbe@ddedks 2hd processing of
accordlng to the array runStats. Both encoder 20 and

drepadiC ow ehrgma| A codfBieigatsi wiship e framewarkiof codiag ap k& layer
U'cﬂ]f%\aé S$ticdSNIE @l{la!t aneg, ﬁ@eVVPégééfml dyan %g% 19efd n other coding

orm ng normalzatlo I nc eaV|dan PiToun
s;xsearrﬁd Bwlesiribeb etutlier. Amamb&tthmtrthemathphk a&tnait n&hntae 11rn1t the

%qgggg Ad Fcht: {zﬁ\;lge VEC & &‘ng&d (eilf'gﬁ€$1}sggt%l;?egc|}§g§ sif)lé%ented%elow
s ﬁdt%@%ﬁm&é}g& Ribd Revidi®nd §§m‘ tﬁié‘%ﬁsc'ld%m%vc I'n

particul ar, adaptive VLC may be generally useful for
WSL/Admampm af ghesahlargeofthdtiume desks el podésciibed. dh this

R R e AT
EdRtidnOlsk@ WS indBY ink® e8 d R ddled fieh a§BYBRRIAdEOBEMRtand
fromthe cycle based coding order as used in the FGS

cla%ﬁéﬁrct,u aﬁd S\/@dexxmt@ thetqod igfstntiiiesrdrayquabieisz dloveer, gpding cycle
1s u ?(ﬂ exa fs’o(r: an tuh ) OSE %ri] 1ﬂusgrat %’éhlelzr g(g(%lﬁ P 831‘1: 1t(1:o %%ay be
and " send’? FURSTor > Zeros T oP Thdi cat e

hia:a iR pﬁﬂcé bﬂébdﬁig &ete. T zediag 00 ekd [uehL£b1bsks, ffohd mﬂmlabe)d
the signs of the non-zero coefficients. The magnitude

tARSIchri sl ypbelstip all {6 isodide sy clepartty be sintasl, Rgyaray rymyfats needs
E?cg%lgﬁ 1?? %\:ﬁﬁ%g EQ&%{ R rco@iﬂg c§8@'0, Shichh&s €6 gos%fblé Rs and thus

needs a 16-entry symbol set, all subsequent coding cycles ¢ (c=1...15) have (16-¢)
possible runs and two additional symbols for EOB and SEOB and thus needs a (18-c)-
entry symbol set. To maintain and update such a large number of coding states entails
high complexity for both the encoder 20 and the decoder 26. Accordingly, it may be
desirable to reduce the size of the runStats array. Example techniques for reducing the
size of the runStats array, updating the EOBshift, sSEOBshift, and cbSelect tables, and

normalizing the runStats array are described below. It should be noted that these



magni tudes are grouped and sent after the end of the

bl ock, then the concept of using special EOB
w@e@seoi7ed in this disclosure may al so be appl Pe€rius®07/073003

i nprove coding performance. For exanple, VLC coding

may conprise coding magni tudeyj nformation of

coefficients within a bl ock havi ng magni t udes greater

than one after an end-of-block synbol is coded, and

[ a eci al end: of - bl ock ol to,indicate .
Rl BB BRI i PR Rk Rt S Ear
thkeapseee within the block. I n such a video WO
2008/ 008714 PCT/ US2007/ 073003 30 codi ng schene, video
HOE8L AR cxampigyf appihpiqus doragdptionef s @RS mapiteteden the runStats

. - ) . % '
JERE LR ORES] B S BENES BRI s or e e coing
aﬁtﬂ%st\ia?ﬂlesst then d&mﬂx&mﬁti& (gff ths ea[kihétactddn@ @c&p.gllli ‘Ehle leEéB:Oéiing
shift from"ter ' an ing. 1t variable | nstea ..
Bfclasethsgrehabey g%fiFé%B pYMRgdl %Yeb%a?l%@lgb%rethﬂn thegemaining

i bt . -
g@ﬁbd)éﬂﬁ{]tg@ (5)‘}131%{%{ r@{égééﬂe, Eb@sﬂi?ﬂ[éﬁvpgsghgsuglfg% SRERIEEding

oding ta wthin a
bydstx@ahor dpacit hEQBf thamembolk(l 6-dlimagdetused. f As tic cpdmg cycle

when cadi ng statistic r tallied,and codi t abl.es
BYBbY S nErSEreo fisV alHe BRUP-D s RAie e cpiig pgpalty ncurred
5P el dnpEEBitical ANG, WetshitiSi@tdrshd §n s&FudsUNSBABOB at later
regul ar EOB, decides the special "EOB shift table and

s Ccies aspesialy npoBbgktd:. tThugbios coding pieclesi €1, theamary code

b dtighd 5 dp8) s e B o BPLOR GRS R BFE cse

bbyepvakiens, ¥ae dinthlificixgort thet 1B ec BN thadOw thg npdsEs WS Nistd Bot
video slice is coded. [0097] Set forth bel ow are
pamtynsyeRelmtistcs for gl eodipg pyrlessiziCenent ati on detail s

pro i .Gl i
[ @00 0oPRRL AR, ULLUTRGAEE hELRSiy o BRSAP
advnontatcovaafdfizetoanhs EOB syrbolt hed $E@BByObE s 0hlycfoel cading
an FGS | aye in an SVC slice,  Note that the adaptive
A S WEhRTY s lotn 1o £ dpdne ciplIFrHing: heAcuBt e Calpls rfgro runs
j213) olLed e éﬁﬁbolﬂoﬁ Qo&g% yd188Yith RESE LA 8%an or equal

are not neant to Iimt the ope of this disclosure.
#oC.oviaireiglQis lessdhdn cmbxionsn tiombdref diet @iding qycks edtsede example,

PR @iy Be e betipas egasfyal” Bk BRudhih by i May also
B scdUmBCH] @ ek stlsticdae deBciddasifly fdritytlaé § thi8¥@P|8d are not
coding cycle, as used in SVC FGS coding, is assunmed to

pllected feiodictry 10@sAdbeveon used to index into the coding
t(ﬁkﬂ)? Sul.goqr e%ﬁ% Egogcﬁlql E%Cless(t%% Qf[m]:: rogalibqlitgcoq\?aerl Clins %r}glatively
0 I'ndex into the codihg stati’stics array rufAStats.

KINE \edkin COEMNEssAiPbRantSvHed idcidi gahe epaaBl @ dEsoktfbethe
purpose of illustration; other coding conditions my
percatize goding pyde eThrclosdiforpaee cading sy clepeihghoprrapamStats

T BaPaRRey e PR BRI S SR A PR B Rl s A
mrgayymbolShatiag hegds s>S may be treated as one symbol such that the runStats
array need only maintain the total count of all such symbols. Therefore, collecting
coding statistics may comprise, for each coding cycle c¢<C, collecting the accumulated
counts of zero runs for each of the zero runs having lengths less than S on an individual
basis, and collecting a combined count of zero runs for the zero runs having lengths

greater than or equal to S on a combined basis, wherein S is less than a maximum value

of zero runs in the current coding cycle. As these probability counts are sufficient for



a total of 166 entries. Except for coding cycle O,
whi ch has 16 possible runs and thus needs a 16-entry

W@ 0uB0087set , al |l subsequent coding cycles c (cRCT/US2005)73003
have (16-c) possible runs and two additional synbols
for EOB and sEOB and thus neegls a (18-c)- entry synbol
set. To maintain and update such a | arge nunber of
codi ng states entails high conplexity for both the

GRERPEh 8% B oK NG e sp i P s iRy o8 coding
BodptE, theGhaplefitation aladé &OME nStith @rraping@rs@hintrhd codin

runStats array, updating the EOBshift, sEOBshift, an
py&EMmagee loabl es, and normalizing the runStats array

eSCr | . t .
B8 oo s AR TR AR ol dos oS 3P BRER b R SfRains
esunexaifptees rum icinsn i) dplnodndwtat oowit der #brehiaimitig nasofor all
this disclosure. [0099] An exanple qof a technique for
phgLAdRECY e%?ﬁﬂé& Cﬁéi(ﬁ-gaicn:éa)’ ithe Ut AT ALy Majnaiys
hticecTBYEDR, HRREN ERRE ant ] kRuRCuh AElr - DIF 2 28 one total
thumt &iraflirsinpmsgofuntvakicealnl ather veards, ilge ealed @SS isl hfor heding cycle
| at e odi n cycles, .the probability.of. the EOB
L SR AT ) DS 4 PO BRL e T gl TR the coding cycle
8 YR 4Se nitrilestil @ursyaD nd 28 tothcFREAIAE @V 8es EPBSIYH ¢ h&i®eritSes cach
usual |y the case for coding cycle c>C. For special

maBnStatve Thyriotel nymB:r of stetey nisentaised in s Staksds dotlf fg8. To

cycle. n [ C increas al ue. of 6-C)ips -
St e e ESE e R o Y P ft filgraingy i runstars
trlal He SoMpllbhimgat i on. Al so, the statistics of the

synbol set of runs/EOB/sEOB at |ater coding cycles

are usually nore biased. Thus, for coding cycles c>C,

t he unary .(e.g i.n SV '

nost frequgggﬁy'usedp%%g@ggggghﬁggggrikgi%gﬁétéél&ﬁﬁhOfaH
obser wa+dns, one sinplification that nmay be made to

Lo o et ot Ry S8 SR -0.1.2. nd o
Ther ef ore, .4k begi jpg-£0di ng statistics nmay conprise
collecting the accunulated counts of zero runs, EOCB

synbol s and seOB synbols only for coding cycles wth

| th C, d t |1 i t he.
QR P Bah R e PO dn S un SEhe AT A e d s
RYTRGSntd Qlin 6UIGNEXRY RMEd, & sNUTERRN 56 Bi1ARL @FSH eS0T
HR10He codlmitrloptomet thas St EGMME SECBshOt g sbestoct
SRRS RIS Y SL B Xk 1R 807 Blofleyd PR AL Mne EOBshit

stt@Bslift] 41l ddSelceahblecinad bomidaliRd saytdntiallP as fullough 9,
and are not collected for cycles 10 and above.
[00101] For earlier coding cycles (c<C), the

probabi Igdy ki 98514, YNE o, B, 6,8, 8L6,4ELY0, 0, 0, 0, 0};
SEOBshifthnit[] = {16, 6, 6, 6, 6, 6,6, 6, 6,6,6,5,4,3,2, 1}
cbSelectinit[] ={ 1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0!.

The array runStats may be initialized to all zeros. Alternatively, the array runStats may
be initialized to small numbers for each entry in the array. As an example, for cycle 0,
the probability counts in runStats may be initialized to {16, 8, &, 4, 4,...}, which may be

typical probability counts of runs in coding cycle 0. The corresponding entry in



smal |, making them | ess inportant when deciding the

opti mal codebook for the respective coding cycle.
wabesebésone, for earlier coding cycles c<C, thePEr/Dsa007/073003

runStats may only maintain the probability counts of

smal [ er zero runs having | engih s<S. Al |arger

synbol s having | engths s>S nmay be treated as one

synbol such that the runStats array need only

tain the to ount o : : :

‘ﬂﬁ@? é%%%r“écre%‘i“f“‘ci%*t‘Ch%ﬁm %8%}”“8‘31&%‘{”& %t cs' %@B Lugheasycleis

t&ted e @B meGh exnplY &l BIG: ICfor G dkel Fir® it b&deads wadihgtpde 0.

counts of zero runs for each of the zero runs haV|ng

Teergfore theedri mastasosloaAllrmaOVisdoeremeptadi s, and

Ctlng : :

R S e N

magiituies ghvatr shanvhedelapedSuits theessl dffvborkda specia b0 B/ &l ths case)

of zero runs ip.the current codjng cycle As t hese

PresBabspicta) C%ﬂﬂﬁ?%may © SRFUPET i hEh &h@f%essb OR98 tignificant

EScHiliaag 90769%&%9 Afterhe @&&éxfi'z&% @n gf&?lt C@%@P&%ra@ %cﬁ remaining

proper and specl al or each co
cyetfigcwts @) the ﬂl)ilCKJkS]f rzrpy iae aléhtefmnnnaﬁ@effmd:ﬂm InthiStcages the encoder
B gg cI } ur S ‘? tﬂ gﬁ}t@lp {n]él?crﬁ ng t#q?%%elggz%g[]éoeilﬁment
ﬁfth@)bldéﬁ |th Hﬁgﬂﬁhﬂb %%eat&camt B aff 1%@@5tﬁlgrtumhere are significant
(run=0,1, 2), plus one total count for all remaining

eapfcicie Wikl magndvﬁ@ gregstiihag 19y ehedtlods0If thisiflag g, (e wpual

8?(11 %f t‘ﬁg rnargn e%g%ca 1§g leze?ﬁotﬂatcjo i al{eir,]rrsnéyfsné at ! fi?]scrlgﬁd above is
Berfétfned) UndHr isis @15&1211 ebiditiors @ dcchimilagdd statBtred 1Iﬂl rB8Sthtd Rvill not

val ues. In other words, the value of Sis 3 for codi ng
E@@#@gﬂt<c Statistics of all cycles c>C, e.g., C=10,

@;uqr ?]g; ,rrﬁU? g{égﬁghe-r%%ﬁgngal%{ﬁ ﬁn?t% At o ff ! S%Ofgﬁhﬁ? %ﬁa cBSelect

il ﬁmg fbe deseeiddd.6AeRiiowres ach1, dtfixed p&h@tthrouﬁgh@ttcoﬂlag of the

n| f.states mai ntai ned i runStats i s 4+6*9=
*r@ i, g deq %weméeoe@egﬁﬁ? 0de§§ s lee @ﬁiatl%emcw@f the

%&ﬁé &bl %o Ly %uﬁ@’w%%@@&uhﬂla&éﬂ%{; staﬂﬁ%s b@nE I?@asonable

I'owi ng: Cycle O: probability counts of run=0
ahm'lcet for apdactmg mlnesoitaba&sl is atrthe sragrolock ¢ MB ))tbouddary, although other
count s

babi.l
PRSP O ke s o2y 4 D5 ve o ke apls: B et B s may

REEE on tires 8l FRx8ThlddtbalAd sy, AGkcASTRG] AlEkkriGENDr Yy
requi renents, can be substantlally reduced, e.g., from

hl@ngémwrpleclt&haws beert edded. Sefforhdglow iicximple pacuderrode
}lﬂl“gtlraﬁ'l nsat & ﬁl%llel h%& Cadle Ee(%%%% updlg%ntﬂ sebtgoell ect

X4 bl ocks,
as an exanple the EOBshi ft,

for (all cycles c<C)
{
//update EOBshift and sEOBshift
if(c > 0)
{
if (runStats[c][0]>runStats[c][2])
EOBshift[c] =
else if (runStats[c][0]>runStats[c][3])
EOBshift[c] = 1;
else if (runStats[c][0]>runStats[c][4])
EOBshift[c] =



SEOBshi ft, and cbSel ect tables may be initialized
substantially as follows: EGBshiftlnit[] = {16, 2, 1,
w@®@?2008/008014 0, 0, 0, 0, O, 0, O, 0, 0O, 0}; PCT/US2007/073003
seEOBshiftlnit[] = {16, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6,
5 4, 3, 2, 1}, cbSelectlnitiy4q ={ 1, 1, 1, 0, 0, O,
o, o0 00 O, O, O, O, O, O, O}. The array runStats may
be initialized to all zeros. Alternatively, the array
runStats may, be initialized to small nunbers for each
entry in thézgrray As an exanple, for cycle 0, the
probability dﬁ@%ﬂ%ﬂkh PunStats may be initialized to
{16, 8, 8, 4, 4, , Which may be typica

probability ﬁgﬂﬁ$éwﬁﬁHﬁ5@@56%%ﬁ3ﬂ29%40yc'e 0. The

correspondrng en

PCT/ US2007/ 075685 ﬁ@élrﬁﬁﬁﬁhﬁﬁﬂlé i ncrenmented each
time a partidsdifitrunSeatsfu][ BEBuStasE@B]/il6))a gi ven cycle
is coded. g@@ﬁl xgmple in FIG 7, for block 1,
run=0 is cod inc ng cycle O. Therefore t he
entry runStaﬁt%e[c cle=0] [run=0] is incremented.

[ 00104] Becau&®Bsbdi[alg- 6f6-evagni t udes of t hose
srgnrfrcant coefficients with magnitudes greater than
lis delayeg u t|| éhe end of block (a special EOB in
this case) ? speC|aI conditi on may be
encounteredbtﬁ»ﬁhCéﬁCDW@&efﬁmémﬁeﬂnﬁrmﬂbﬂ@ﬁSﬁh@dhﬂlﬂﬂhng
coefficientglé® be coded after the current zero run is
sent. In ot th [ fficien

the bl ock, lgff) b%qﬁgtso’tal coﬁrltt o?gﬁ onmee?m E@Seri cfn?%%?;c
thi s case, ﬁh@<e boder may be configured to send a
1-bit flag,{with O indicating that no significant
coeffrcrentdr hRpthe, hﬁpck has magni tude greater than
1, and 1 indi i ng _t there i gni ficant
coeff|C|ents‘%ﬁ?¥CEﬂ d?% %Wéﬁathan 1in the
block. If thils flag is 1, the usual coding of the
magni t ude valcrssae&t{sa]ar(tzma W) blpt g2t oken ternBym as
descri bed apove is “perfornmed. Under this special
condition, the accunul ated statistics in runStats wl |
not be cha¢leged. [00105] Updating of the coding

par anet ers ECBshift SEOBshi ft, and cbSelect w Il now
be descrlbed +BQO&QA n FIG 11, at fixed points

t hr oughout c&glng of “t'h vi deo bl ocks in a video
slice, video bRelsettd] 20BThvokes chtiebZipdati ng process
of the codigig tables to stay in tune with the
accumnul at ed ket L easonabl e choice
for updatin §%Eg§ékanP gk Eﬁgfgygefnacroblock ( MB)
boundary, although ot her chorces of updating points
may al so be used. For exanple, the updating process

happe t r 8 ndar , or after
[Bosi o holisy CPS. i boRorbOEtbraka a0 o ble cegusdyel O
@Eérefo% ttllfb QS!eQ‘EOE%hﬁ?( @E@B‘é‘hl@tsa%’ gﬁ’ly%@lﬁed el c%ﬁfnrg%"ybl@Q>@ and
sinpl e ‘'schenme that can be used to update these tab

c<C. As in the example depicted by the pseudo code above, it is assumed that for all
cycle ¢>0 and ¢<C, runStats[c][0] stores the accumulated EOB probability,
runStats[c][1] stores the accumulated special EOB probability, and runStats[c][s]
(s=2,3,4) stores the accumulated probability for zero run “r=s — 2”, respectively. For
all cycle ¢>0 and ¢<C, based on the contents of runStats[c][0], runStats[c][1], and
runStats[c][s], video encoder 20 updates the values of EOBshift[c], SEOBshift[c] and

cbSelect[c].



for (all cycles ¢c<C) { update EOBshift and sEOBshi ft

if(c >0) { if (runStats[c][O]>unStats[c][2])
waEasshogt{c] = 0; else if PCT/US2007/073003

(runStats[c][O]>unStats[c][3]) EOBshift[c] = 1; else

I f (runStats[c][O] >runStats[ci{4]) ECBshift[c] = 2;

WO 2008/ 008714 PCT/ US2007/ 073003 34 else EOBshift][c]

= 3;if( runStats[c] [1 ]>runStats[c] [4])

f
AT e o1 Eppae FURCE RIS 0 1y Hessmbgedfor prging cxcle >0
did &t eAs aEeRBshpIE LT the FOR $6urk)indicdtedPEAINS tSPHES grda&ir than
A, B, C be counts of the three nost probabl e synbol

he zetsaupgouryedieated by runStase el Bkfor siralengtBun® (e, sal), then the
g&lﬁ? bf C%%g};@%tfc[] é{'seg ‘Pc?%éi&a(:éﬁ;&lgatg%& tg:l% é;&ﬁag%g(iee ddol” Bther\mse, if
abSedtgcl(]ch less (Hah Gesf)al o abStatd)2][2], but runStats[c][0] is greater than
the zero run count indicated by runStats[c][3] for run length r=1 (i.c., s=3), then the
value of EOBshift[c] is set to 1. Otherwise, if runStats[c][0] is less than or equal to both
runStats[c][2] and runStats[c][3], but runStats[c][0] is greater than the zero run count
indicated by runStats[c][4] for run length =2 (i.c., s=4), then the value of EOBshift[c] is
set to 2. Otherwise, the value of EOBshift[c] is set to 3.

[00108] Updating of the sSEOBshift table is now described for coding cycle ¢>0
and c<C. As an example, if the SEOB count indicated by runStats[c][1] is greater than
the zero run count indicated by runStats[c][4] for run length r=2 (i.e., s=4), then the
value of SEOBshift[c] is set to equal the value of EOBshift[c] plus 1. Otherwise, if
runStats[c][1] is less than or equal to runStats[c][4], but runStats[c][1] is greater than
the EOB count indicated by runStats[c][0] divided by 16, then the value of SEOBshift[c]
is set to 4. Otherwise, the value of SEOBshift[c] is set to equal 16 minus the cycle
number c.

[00109] Updating of the table cbSelect is now described for all coding cycles
c<C. To update the value of cbSelect[c], video encoder 20 tracks the three most
probable symbols. Denote the probability counts of the three most probable symbols in
the combined symbol set that contains zero runs, EOB, and sSEOB as A, B, and C, and
denote the total count of all other symbols as D. In this case, if D is less than or equal to
B, and 3 times D is less than or equal to 2 times A, then the value of cbSelect[c]
designates codebook 0 (cb0) if C plus D is less than or equal to A and designates
codebook 1 (cbl) if C plus D is greater than A. Otherwise, if D is less than or equal to
B, and 3 times D is greater than 2 times A, then the value of cbSelect[c] designates cbl
if 2 times C is less than or equal to D and designates codebook 2 (cb2) if 2 times C is
greater than D. The remaining operations are readily apparent from the pseudo code
above.

[00110] As indicated in the pseudo code above, video encoder 20 updates the
EOB shift table based on the accumulated counts of zero runs, EOB symbols, and sSEOB

symbols for corresponding coding conditions, updates the SEOB shift table based on the



else { if(2*B+D<=2*A) cbSelect[c] _ (B+C<=A) ?
cb4:cb2; else cbSelect[c] _ (2*C<=D) ? cbl:cb2; }

w( 280714 n SVC JD9, an EOB or sSEOB synbol w | PCTU$2007/073003
occur in coding cycle 0. Therefore, the tables
EOBshi ft, sECBshift are only ypdated for coding cycle
c>0 and c<C As in the exanpl e depicted by the pseudo
code above, |s assurred that, for all cycle ¢>0 and
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&5 &lt ased on the contents of runStats[c][0],
run {a s[c][1l], and runStats[c][s], video encoder 20
[llﬁdlil]es t heltharhghetﬁe pScudOBsd flluptedtes widaBshof the EJORsidft table,
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n | en

DA Dl b somug e e Aoy Py B g i engyfrom

’thré sbhlR JTIRARcRRER. FBPYemIR, rh@th%g?ﬁthe {pﬁeudo code above refers to
runStats[c][0] is |less than or equal

pasigs extcbfse undd intiMC § Dﬂ&tbwrQOd]n[g@pndlﬁogsr way be usddzpy an index for
fhg c&zlﬁtrs %ncic?qlﬁéga{]rtamle% toende xﬁmpyval 3} Jgfllééé‘é ﬁ? f:(%ttdy t]loned

uﬁoﬁtﬁé cﬁ@eﬂk sulsBane e kster bff sufbbﬁlﬂs if 8 [btdckQd wihschl tBs Setbhaﬂﬂ EOB,
ﬂ to both runStats| CLEZ] and runStats[c]]|
erQ hdoags Ay gothar exyprlat B Cropding iy ey ke mﬁlt@aaérvpon the

f | th r=2
hAbERaE i MIK AL DAl adled i Bk SPO 0 TS B ©
[ohé2W se, AhbtevadndéiodfmEORsiddet e impravsaddii@p&formance of the

[ 00108] Updating of .the s shift table is now
@rg@&lr? bgme oAt é%f‘a‘?%@ll%%?g Cofling pepogsscior aglicgnfor example, when

]ﬁfé%%hlbsb stétfstﬂ:@ﬁav%%@b&%%ﬂfﬁdlag X%@E@rﬁulgbédr ﬁ’lﬂéhﬁ% 8f @k HOBshift,

reater than the zero run count I ndicate
sIOBshaftsinc] c[bS]:lettdablr:umay essgtthn statist(cally insignidant ¢Iﬂrlets Therefore,
s set to, e

by el it oy prabene! serhelipiainirid TReeul i foptied o
H&idesBethdane EOEﬁHl‘fta kE@Bsﬁlﬂnéﬁk{aéb‘SE&H #ble Btes should be updated.
runStats[c][1] is greater t

In this case, an optional condition may be apphed such that only cycles having a total
symbol count that reaches or exceeds the corresponding threshold may start updating
their table entries. As an illustration, the threshold array {32, 16, 8, 8, &, 8...} may be
used to determine whether to start updating the table entries, where the entries in the
threshold array correspond, in order, to cycle 0, cycle 1, cycle 2, cycle 3, and so forth.
For example, for cycle 0, a total of 32 symbols need to have been encountered before
the updating process will start. Likewise, for cycle 1, a total of 16 symbols need to
have been encountered before the updating process will start. Hence, a greater number
of symbols may be required to start updating the VLC coding parameters for earlier
cycles. As an alternative to applying the threshold on the total number of entries

encountered within a given coding cycle, the threshold may instead be applied on the

accumulated count of the most probable symbol in a given coding cycle.



the EOB count indicated by runStats[c][0] divided by

16, then the value of sEOBshift[c] is set to 4.
w@edenvd’se, the val ue of sEOBshift[c] is set tRCEUSHD7/073003

16 m nus the cycle nunber c. [00109] Updating of the

tabl e cbSel ect is now describgd for all coding cycles

c<C. To update the value of cbSelect[c], video encoder

20 tracks the three nost probable synbols. Denote the

bilit t f.th h t babl nbol
OE3ne coBiRRBPE ReiotS A i ad e i A afi ARG i now
B Bescabéll. SKESIhatisathon iBvoladscllin@ddlvn BRROIBo tRintsdh &e runStats

count of all other synbols as D. In this case, if Dis
paasswheraen Feaghy agprtaip thrpsholth dNarmaligatéornpy be mspduliip preventing

t ' " I I

By i, B fieohy o EbR S o GBI SR} fom for
calegapdabilioy 45 iapetveies sgnidlesunts didebodklidg ¢Etwolhudhfin Come
plus Dis gr%ater than A Clheﬂgﬁse, if Dis less than
peiong aaf oy whelming thegoeql yiagstrgsiod offjen speaqnst A4 normpylizalon
@:océﬁ@ﬁ‘aﬁtgﬁei %1%&&& RS s RIEhE gfe[Engﬁﬁ,' &t GRd cb&died tables

imes C'is ss than or equal to D an esi gnat es
ecdplaod, 2. (@b@periddi@bdsissash & atsMBdroeadarest Adternbtivdlieor

r I ni.ng,operations are readi|l arent fromt.he
TR o ROB FBNOT 95 ProKd K HRIPEeA QP e Bo 1B Sd gyehout
ARASIRRM B PrOA8Y SNTOHULHISN iUPPUAS chiescghR Bktkdting an
tabl e based on the accunul ated counts of Zero runs,
eeB Ny nteskss, formume BEOBg thoymbdlats #wy. cor r espondi ng
codi ng conditions, updates the seEOB shift table based
on the WD 2008/ 008714 PCT/ US2007/073003 36
accunyraileety AW /0f iz@E oydle bsofERumyapol s and sEOB
synbol s for corresponding coding conditions, and

updatés t he codebook sel ection table based on the
accunul ate :
SEB symbol Moy S e RhukEh i prfibrc R B nEEtIc
[00111] Al tfigdIRf>+ NPQplses)do code il [ ustrates updating
of the EOB shift blg, s&%B shift table, and
codebook sel ect PGHf tasl el sEmppi Qunis4R By OHreaLeE] s hyca factor of 2
reIatEonships anong the EOB, sEOB and zero run counts
for purposes of illustrations, other relationships my

be used. Accordingly, other updating processes may

| so pe used nd vario di f.i Lons to th
BRERsPeribgwe sl bR gE AP Kodt MESQTeI Y 5 b Hepwever,
§hePealds drMBSHES GhQVérBed FRY gc@XRANMRI RN tBd EdURYENthE st probable
pseudo code above refers to coding cycles as used in

svaba) BMP Sy irhie creldiihgreetontipn poemiahipyMBethisse idge cagpder 20
ILndex. for the cou ng. LN r [S. .one
b oA AL B A AR EUS B B4R 9 curen
cyuld By fRtdrRAMN] ier, beldusdias bofa fabbeidsIothe @xdthple kibbwe, factor N
which the zero run, EOB, )

1s equal to 2. Alternatively, a total count of all symbols and a corresponding threshold
for total count in the current coding cycle may be used for normalization in place of the
MPS count and the corresponding threshold MPSthres.

[00114] To reduce the frequency of updating the coding tables, as an option, the
update frequency may be dynamically changed. Updating the coding tables can be
costly for some applications even with the low complexity solutions presented above.
Therefore, to reduce update frequency and associated computing and memory overhead,
the update frequency can be dynamically changed based on various criteria. As one

example, the update frequency may be dynamically adjusted based on how much the



or seEOB bel ongs. As anot her exanple, VLC coding nmay

al so be conditioned upon the nunber of zero runs that
whawe/oissen coded for a bl ock. [00112] Anot her PORUR100T073003

may be added to inprove codi ng performance of the

adapti ve schenme. At the begi gg ng of the coding

process for a slice, for exanple, when the synbol

statistics have not been sufficiently accunulated,

U(Pcﬂ J[ag%g%a¥e gheapg %%Hqé? etcer'rgc ulpﬁle lo;/aeraﬂg ﬁf ?6%%% ﬁl(p((:igte operations

Bilerre&sted Tmmefcﬂa@ge fot the@siiak debl&x tHehehd @da{e sttty @by be
synbol s encountered in each cycle nay be applied to

t?é@cfzsie Thkrsemadets @peapany fave reyatbet Hi greateighgngh g wdate
fr@&deﬁ n}ZPeEnr B nt‘i'tﬁl%élll%agc%g ypgated. In this case, an
optio e

con applied such that only
podiss h aVAn@xampk&tIﬁd)cesSﬁdﬂbGdimg dwmi blioblad willerashes described. In

xceeds the corresponding threshold nmay start updating
ﬁﬁwanfpé% |héme131{09kse%re codedsing 40 fSEANSIORM. ¢-Be 2% MCEdR a}aay video

@(gd‘lﬁ)%/ sté&i%rds]s@tc 8 MPEP:, MPEG2 g\/lﬁE&}Qe dl'ﬁ eds. t th the H.264/AVC
d upda

m ne V\:het er to start P tlngt e ta eentrles
indge peofilbal wnknoversasi BR axh & id ¢l Hy shgd d(tarsmauy tbo hmcpnmnpjment ina
in order, tq c cIe cle 3,, and
ek e s ebls i Sifes fin By ST trhhsrORLpr o i3 eker
FHRRRS 2R B BISKNBMBIRREN, A5 cSAtif HRGHiREEAR &5 atiiRroblock level

updat i ng process W ll start. Likewi se, for cycle 1, a

syotay clenente Toismb mfsrrﬁtﬂb@thtadaptWa\kéoqkethf@ﬁ@o& the 8ag transform is
g?efga{hg hhe? W ﬁgget 9§%‘%1?ascsorerﬁﬁ01%né%;ogiéﬁ in4, lalafr8b10€k a{ter
uﬁ&ﬁbﬁmﬂ@d diﬁnﬁ&eﬁoﬁ%llst@@i SR8t eXslubarbl@ks lif ¢4 transform is used.
cycles. As an alternative to applying the threshold on
A)r(rbowght the codinparoceys depgriticd gb 0@1‘@6&%& & egmipile hrepfHcient block

Y
Y P e TR bl S R oBR g trmptorm
B nkmmmngkuaﬂgnuﬁmqﬁgdlng cycle V[)2008/008714
S2007/ 073003 xanpl e tech que f
H’?hﬁ i zat POANHFX4 ’raﬁr%%ﬁ%ckafﬁl% Cmqrteﬂéw g 4xa blocks
C t
ggs%nbg%ng %gprom{ TRk ZRhO0 AVIV@ Eﬁ%ﬁfp ay@ &%gt Bcifib§ b% thae

unts 1n the runStats y reac
Bledtideh YiCtstandgttdo [Fobr eonpiel vident ¢Imndem?@ doe ba setfifigur¢cdhto scan an 8x8

nt b t diti .
et HaPR DR Hhege s OB i git e o B 1 or0) rgegith 64
astRtiaRs | Thon, IRdcblenBERY 20 HBaSYEMBRY tEOSNESidiQM into four arrays
bui | di ng_up too much in sone regi ons and overwhel nm ng

wib 1pseefficymin dagh sing dic intcHedvingsfhoms. Swmﬁcally, a cocfficient at

R I e

tedaidiest, arRy Gvill beplated &itd @i ra-thBRICE, Wwhiah n&&ncﬁi(n,Wﬁ m=0,1,2, or 3,
boundaries. Alternativel addltlonally, t he )
Hdherdnid)r-at $ERNIHE POEESN Hil %ﬂeﬁﬁlﬁﬂer logke Afterghigspnyarsigry video

08&526 ‘HEQIP@ tsual g,gﬁ?\/]\ft %88111 b%&% &S fire f§‘l§rt lé‘-gcfetfﬁcient

e oW i s pseu segnen stratlng an
bloalkpl e process for nornaI|Z|ng the runStats array.

[00117] In SVC, when the base layer uses the H.264/AVC high profile, the
enhancement layer also allows the use of the 8x8 block transform. In the FGS layer, an
8x8 coefficient block may be converted using the same interleaving scheme as the base
layer and coded as four 4x4 blocks. The accumulated statistics of such converted 4x4
blocks may be similar to those of the native 4x4 blocks. Therefore, video encoder 20

may code the converted 4x4 blocks together with all other native 4x4 coefficients using



for (all cycles ¢c<C) // Cis the cycle cutoff in
runStats { let MPS be the count of the nost probable

W@ 20080087140 t he cycle if (MPS >= MPSt hres) scaP@r/bsak7/073003

all synmbol counts in the current cycle by a factor of
2 } In the above pseudo codejg a reasonabl e choice for
MPSt hres nmay be 128. However, other val ues of

MPSt hres may be used. In general, when the count of

RSaTR PRSP R R TR LT G EhG o ocer

Ay Belcbz@siréd® Sorolae) aceomilafedayatBaal ep@rateefos yW@nverted 4x4
counts downward in the current c(g(;:l e b%/ a factor of
Nocks and uspyengrage EORghiy sSBOBskiftopndogbSalect blep o eodarmprle

N is equal to 2. Alternatively, a total
gcgl&\réﬁe%%%}gl&kssynbol s and a correspondi ng threshol d

fosn18jot al Coding off bhioha O rhé dliromadi @ gompeheatdamiyl tsy be
ELfsed for normalization in place of the MPS count and

feribgt rlaspdndhhgPRr ORI MPSE Iy 188 CodedFerupics chroma DC
LRAUESA AR BRI OLURER il 1BuC oM HBLARES 885chroma
e update e d y

an option, t requency may ynam ca
bloak gedzrolgpdantoragd théedesdina P hlokles Eednchipema ©§5bloyk fsaoded in

one I cat | even wth. t oW C | exit
EF G stBPev Rt Eva B s 1S e C RS isiahes except the DC
sRgadient) LR ARY cRIdehadISACI 8 LE4dGRTE WY EIRY(SBK=NEITDI15).
over head, the update frequency can be dynam cal |

Bhemgethelysmbal safisties ¢lohe cleromadp( and AS” blpeks asx syfpiently different

b 0 Bl BRSBTS 5o roma

DOtindoA € 2ldeBr huag irciia nggaive Reida®: degeeitld iblBdatiBclosure improves
operations. If recent update operations have resulted
thonﬁatcpd@g@ﬁﬁﬂ@%am@-r the coding tables, then the

e fre . ant - .
WRABE, (e THEREH TR ot of BHUATR bld AERE i HPUALE hirpa coding
proeciieachorocaampe, theruaniy € alniSyatsIC redam$tats DO hidy]beAred to
exanpl e process for codi ng. | uma bl ocks wi [l now be .
PLEAIpeare PR acquuate, s 19RETBY 9&@%11@0%6%@ respectively.
#Ré NBIR ‘E(ﬁ%‘s%iﬁ)ﬁﬁpﬁéﬁmiftﬁ?\%and BB HRBEX (Rt bé/ih% §@bstituted
codi ng standards such as EGL, MPER, MPEHA, an
Wit EBC of AQ) e Use@ 6x1idAMEY the GOBmhdt,ishecial I skifiownd aslebook

FRext (.Fide]ity Range .ext.ensi.on), e lum co nent
Feiceton (g Fotint PSS 6" ¢ BaLaTaL R Br FiEm g BRatse the
ERtbRE Qfatikti &NSE Bt frdnfthdsd SHLIBHE! the tALVARHOEBIRiIfRRD t he
bl ock transformsize is coded in the bitstreamas a

PERBYBtE &k andgleielecsy Kiragy b initifivcd differenily. Asfaacxempleothe
B8 RIR HGiBLE 2w ARFEREWhngVecbi® 8x8 transformis

EOBshiftDCInit[] ={ 4, 0, 0, 0};

sEOBshiftDCInit[] = { 4, 4, 3,2};

cbSelectDCInit[] ={ 0, 0, 0, 0};

EOBshiftACInit[] = {16,0,0,0,0,0,0,0,0,0,0,0,0,0,0};
sEOBshiftACInit[] = {16, §, 8, 8, 8,8, 8,8,7,6,5,4,3,2,1}; and
cbSelectACInit[] =¢{ 0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0},

where EOBshiftDClnit[] represents the initial entries for the EOB shift table for chroma
DC, sEOBshiftDClnit[] represents the initial entries for the special EOB shift table for



used, then there will be four 8x8 | uma coefficient
bl ocks in a nmacrobl ock after transform and

W@ e@sdZat i on, i nstead of sixteen 4x4 | una bl oR&BEUS$007/073003
4x4 transformis used. Although the coding process
descri bed above uses as an exgpl e a coefficient block
froma 4x4 transform the process can be readily
adapted to codi ng of 8x8 transform bl ocks using

im | conce 0l16 Lone
S AR PER 1SS C g My S ERER far B o Soffpdt Qfktion
AP feAeitons DB ETOBiftAE TGV Lpr& Btk ﬂ&)’lnﬁfaﬂbﬁtﬁemﬁ €he EOB shift

ge0|f|ed by the H. 264/ AVC standard. For exanple
(ableclior éhr@@@e%c 26 QFehi fCloahlf egigpeds the ingfarengriesgsthe special

| Z Iy

Iﬁtﬁ)%lf .{]h{lfg 'tag)Pet fog ﬁ’r%ifna Ac ﬁ%%%gﬁ@ggp er@I gelﬁ]l?sgthe i;}ﬁ{%al%ﬁ{}}’eg i the
enlzbolet se2&tidn mes&mbhl@ma Ae. dtcihaf ﬁl[tmlhem@ thileofdr @hifoma DC

arrays with 16 coefficients each. usin
PORLAR ARl dostiie RRromaJ X npeds 4 qogingLye émddmélﬁklzaélpn tables for

LREmA-Ad btz g lS%ntne@%ca%%@ @lﬂb?ﬁlmﬁbédsqg c'oﬂln%?%?fr‘lé%gz ag

scannlng or the 64- coe clent array
[10d2@eld i nt tlhb eonmtohlybdwd R U Vidh@rlevidemnoaifiat, tere ane@alf a2 many
posi.t

r 3, th [/ 4)-th.scanni.n on in th )
i cpiiclsak S Ruth pod RGNy S0 e REA e ot fc gpplied o the
g&pﬁp@bé(ﬁﬁ%lbhﬁlr%h!@c SRVAE. qedidngmbRficAxds BAPelScd the memory
four coefficient blocks. [00117] In SVC, when

tdqelr@d@eswra;amun@lﬂ@tgd sﬂaéstmszaw/th@/@mbgw ptpdéftmge)petdﬁlen& For

enhanc er_ a x8. bl.ock
ERAREE SR Y RlocRady By DG, Ay 83 Siloed  mifind ied o
i the aﬁ@}ﬂﬂﬁstaeﬂ)@l smcngl tqbtﬁmag BPeriafid@y dsSRyitODwaE higablas

the base |ayer and coded as four 4x4 bl ocks. The

E@&ﬁh@ﬂ%@é& satfﬂ%@,.a@é chbelegiPR - chwwpdptans IZIHS@PSS of elmagla AC may
PR 2RPAE Lok, 00, Py GaBRLLNE B ELE B s st o

m@pbhm@(motesg &irfiema \h!ut \knthi kéduoédwmmpdatltyv ot xdample, video
coefficients using 8/ 008714 PCT/ US2007/ 07300
gisoflpie? g Doy toélE § kfoma A &atﬁ%éé’i? tirqaxptesas the

Rt LEPRE, ¥ BleYe al)élh(g.ﬁods 009 ABFongPA CTBRYcKRE 1 gﬂlflﬂl&?’r Qﬂd &ding of

store the accunulated statistics separately fo
clonime M dndigttomp AL kwchnaiay be paé@medtsepﬁﬂsbfrﬁrcﬁm one another and

Sera it Gotn PIYATAaT EDR SRR s en el B R oRi ohdtoRek

SOOIV 16f the ARMDBC AT bRREs mh bSHHiallRE dﬁﬁfr&[ﬂl‘}r from
coefficient blocks are coded separately as chroma

ﬁl@dumh blagks. A somseises, ks BOBsbT bl giftitaides @mdr
gokogegectlon tabics Pr)aasybﬁ CSEH ?(%gtg% ?hrﬁﬁllé 3¢ &lg%l E& | nto

a2 ouedas" e chroma
[:lmdeﬂ] in  Theitechyigh®sdeb@ibet eefdinlmdy B} impflethehRtth Rird@are,

15 chroma AC coefficients (except the DC )

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
discrete but interoperable logic devices. If implemented in software, the techniques
may be realized at least in part by a computer-readable data storage medium comprising
program code including instructions that, when executed, performs one or more of the
methods described above. The computer-readable data storage medium may form part
of a computer program product. 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),



coefficient) in each 4x4 chroma bl ock are coded in 15

cycles (cycle=1, 2,...15). Because the synbol
war@siet7ics of the chroma DC and AC bl ocks ar ePCT/US2007/073003

sufficiently different fromeach other and from |l unma

bl ocks, mai ntaining separate 4internal states for

chroma DC and AC, and for luma, in the adaptive

schene described in this disclosure inproves chronm

T T T

PagRRdWr ®ptif daXserRiEmedifand thalis. I'THySteinsddes afiditionally, or
runSt at SAC nay be used to ;ﬁfarately store the
alectaticl ewydeaealived allepssin pait by coupuAGT@ARRpraom@unication

SERRREHNEH s B S AR RO
amtursmhdt that cde rbblaﬁgesﬁddereﬁﬂ&rﬁll"drfekecmﬁfaﬁ@i @torgiBershi f t

odebogk sel ecti each ding cycle, for
lﬁir chr Eﬁfapr@@raére coBRRD R CCs 1 BC PhOTPERROTS. such as

f
R e Berdyrper
apyiltcatadt g)edlfldlllﬁtbglamdtdlryultsﬁ(sASiﬂs)e iiahipjregrammmbld labicegrays

RS, Pl S LE erpy

E(B ﬁpofcte%g 2}1% us]e@hh%@ﬁﬁiaggf@ fo[dnyQ)f t& fo%go% structcl)lre oor any other
shi ni ,

gruo@,lre @ulte(b)}e for g;rggﬁmqn‘q’atlmcpﬁihp [te}chmq{lg_ﬁdesgrlbegl hegelngln @dltlon in

EjjrnebaspBCts 8he g!ncBOnagfty %éscBﬁ)édoherﬁn lper%% %\Hltun] de%icated
ESPRedrt hodGlel bt hdrdtvary ﬁﬁﬁﬂéﬁoﬁlﬁguﬂeﬂlfﬁﬂ dlco@ifg bh&8edoding, or
the EOB shift table for chroma DC,  sECBshi ft DO nit][]
meprneser 9 & sombingd video aedsredscodst (CRPE Deci al EOB

t abl
ﬂﬁ“lﬁﬂa Qati é%iﬁ W%oé%?é{t? Fft?l%gn\}: ggé#?%%%e/eg E&Q%eq 4Phese and
ether e:r&lsOdimE:ntts he woltie bioodcopebetht ifalfowihgblaénd.or chr onma
DC, EOBshiftAC nit[] represents the initial entries
for the EOB shift table for chroma AC,
SEOBshi ft AClnit[] represents the initial entries for
the special EOB shift table for chroma AC
cbSel ect Al nit[] represents the initial entries for
the codebook selection table for chrona AC. Note that
initialization tables for chroma DC contain 4 entries
because chroma DC needs 4 coding cycles, and
initialization tables for chroma AC contain 15
entries because chronma AC needs 15 codi ng cycl es.
[00120] In the commonly used YUV4:2:0 video format,
there are half as many chroma coefficients as |uma
coefficients. Sone sinplifications my be applied to
t he



adaptive coding of chroma DC and AC. These
sinplifications can reduce the nenory required to
war@smogzccunul ated statistics, and the nunber PET/US2007/073003
updati ng operations. For exanple, the updating
process for chroma DC nmay be gki pped, elimnating the
need to store the array runStatsDC and all updating
operations associated with the tables EOBshiftDC,
@ | ftDC, and cbSel ect DC. The updati ng process of
‘AC may al so be skipped. Alternatively, the
updati ng process for chroma AC may be simlar to the
updating process for luma but with reduced conplexity.
For e%dﬁﬁﬁ@@CWﬁﬂ@%ngencoder 20 may be configured to

updat r |-
. £ty 00 bl AR o0 (1R Coa Y O ok
bdedfikisnts bsing Mr@aparamMes; codi ng of chroma DC and
chroma AC bl ocks may be perforned, separately. from.on
anot hetllegtieg C%@E%%%Séw dpisiPe G Brdie st tedigitahyideo block
&ﬁ?ﬁﬁ%ﬁ'%ﬁﬁB shift tables, and codebook selection
t abl es ?br the chroma DC and AC bl ocks nmay be
i nitiadjisgtig oicfof eroenof the Mldhparhimetelsudrainigltbe KE.C dodirgdrsed on
ﬁ%seﬁ %Jﬁgﬁ Eg%..hift tabl es, sEOB shift tables, and
FoBodRe e Ht-abl es may be used for the chronma
DC and AC bl ocks. [00121] The techni ques descri bed
herein may be inP[enented i n hardware, software,
2i r mdhemethod s lago tbfuither eomprirereimitialiamg the¥LGrpagameters at a
escri bed as nodul.es or ..co ents .may be.d apl enent ed
5 88 hafcs @R ik Eoros OB S Rleh B Dol el y
as discrete but interoperable |ogic devices. If
i mpl enented in software, the techniques may bhe
peal i 2bemgthod@fstaimy, yhereinpdiysting whaenerar meers i epyamsters
edi i si r i ncl-udi o :
B BB O L PR A1 R ERAR withiy a slce
odmpriveng bietisatshaléigitali hésb Ebdvecffidienteconput er - r eadabl e
data storage nedium my formpart of a conputer
program product. The conputer-readabl e medi um may
§ONDr irGEm-AHAE VT clafth S FhcfRIRY] &'stiﬁ?%@ oW M@E VLC parameters
synchronous dynam c randon1aéces menory (SDRANF,
canpl R hgjusterathy o(1dROMperendnC peotaatdtdre ar kouddmicaed bwks within a
nor NVRA 2008/ 008714 PCT/ US2007/ 073003 41
dREeohwtmEp ks shbe g RD SkA fesk Lo B8a n y - memor y
(EEPROM), FLASH nenory, nmagnetic or optical data
storage nedia, and the |ike. The techni ques ' '
addi t Thamethpd ofclaim |1 whergtt pesfoymingay Lo eodiagicpmprisestcoding
l oes%;%otnslo? B zretro B%Cf(a cgeqﬁpiléﬁt%‘ rv&?Jh%?Q ?Polcﬁ a§ QPTG %éc'e%?n the
e Umo Rat“Car i es®or - comuni cares pr ogram code i 1Y
horezefooslotiofodfisitrtsi aih@ i VEC Gatanetds.r uct ures and t hat
can be accessed, read, and/or executed by a computer.
[00122] The program code may be executed by one or
re r h . . I.Gd L.: I .
O oce o Al Bere P il i Kk T Telccting
different VLC parameters based on different coding conditions within the block.

7. The method of claim 1, wherein performing VLC coding comprises coding a

special end-of-block (SEOB) symbol to indicate presence within a block of one or more
coefficients having magnitudes greater than one, and coding magnitude information for
the one or more coefficients having magnitudes greater than one after the sSEOB symbol

1s coded.



application specific integrated circuits (ASICs),

field programmabl e |ogic arrays (FPGAs), or other
weeuswed7ent i ntegrated or discrete |ogic circuP@T/ys2007/073003

Accordingly, the term"processor," as used herein my

refer to any of the foregoi nggstructure or any other

structure suitable for inplenentation of the

techni ques described herein. In addition, in sone

aspects, the functionality described herein nmay be

provided within dedicated software nodul es or

@ ar dwath€mthdid o8 $1a6a 17l vBcaOtht ML (EPpHamkRes @hthriie CAtndhf-block
i ncorporated in a conbined video encoder-decoder

(E%E‘d}}ft tgbbhoindTptingan Bdex ehtiplPRendobithine symhohpetsaMprising
E&§ Eurpgﬁiﬁao‘iise e Eéﬁ%y{xﬁgﬁggﬁi ﬁ%\‘/ﬂsmErggﬁ gﬁgtfoﬁs@%%%ﬁsbfoﬁﬁy of an

scope of
2D8I-BIOBK ot eE’&EI'QSﬂJBQ 683N 7@ MBonsdihd LVBCNBdclookAcketidrogble
conpr|5| orm ng var able | engt h co e. (VLO
v9iieHBe sl c{egpolww 80 BdsaRdicesirihc %)ff%‘?ﬂ ginf8¢ pymbgleet for

P et &ﬁmggg%ﬁgﬁﬁéng codi ng statistics during the

VLC co igital video block coefficients;
and adjustlng one or nore of the VLC paraneters durlng

*Ig :t |V ed’ge ]lil%p Of%i:?élnﬁ%t aetug& C?Lte%%%%jeﬁ%?g . rise an SEOB shift

EOMAh Bt ot dabipbf thb eadlhg @oﬁ&ﬁ‘m@a&aﬁi@bﬁ bEthalsE®B s%zhﬁi’ol within
of a slice conprising blocks of the digital vide

b Byokol seledoningiset 2sTo Bin symbolseatheril-of- blecla(E@B) symt@d,eqnd the

g%)fé gyrlnﬁgl l%a%gd S pl(r)orba 1}[y O%P(:en@ar@b ﬁenaef[(feggj { A S ahe

hdiﬁz%fd/cﬁieSﬁMéﬁt@hz{S aﬁm&éﬂlﬁﬁe of OftRfct EHah @n8| dh@&%)aﬁefmét&andlcatmg the
digital .video block coefficients. 4. The nethod of
BIRgERifHde lnﬁﬂﬁga@w@a&}ew@?f fripntsia temblogl with rr@gw@,des greater than

dj
B GITED St o TRET T2 B RNBICH e pRRAR o Mgt rbenitude
mdonaratisoh igbdstd ok 8 nombeihe thé gozato sdetibderdd (M:thln the block having a

coefficients, 5. The nethod of claim1l, erein. . o
Blégmaidﬁw% §rogtE RABANR RGBT ERE! 3R IfHgle 0@@5 oefifdents within the

BB@EEMth% nf QRS JriéfRant¥ifchi n a bl ock as zero runs
preceding th nonzero bl ock coefficients using the

VLC paraneters. 6. The nethod of claimb5, wherein

rfoiﬁéﬁgﬁﬁb f%gg%§g8ﬁonprii&gﬁ%f%gftlnﬂgﬁg%&%ﬁéﬁgscoﬂanmg
H\échﬁiu[htéd"&)umsmero7run§r Radsebiee (RDBY |s§‘1hm>1§; andEOBIsPmbols for

perform ng VLC coding conprises coding a
different coding conditions, and adjusting one or more of the VLC parameters

comprises adjusting the one or more VLC parameters based on the accumulated counts.

11. The method of claim 10, wherein collecting coding statistics comprises
collecting the accumulated counts of zero runs, EOB symbols and SEOB symbols for
less than all coding conditions, and wherein adjusting one or more of the VLC
parameters comprises adjusting the one or more VLC parameters for less than all coding

conditions.

12. The method of claim 10, wherein collecting coding statistics comprises

collecting the accumulated counts of zero runs for less than all zero runs.



speci al end-of-bl ock (sEOB) synbol to indicate

presence within a block of one or nore coefficients
whaoosies7magni t udes greater than one, and codi NRCT/US2007/073003

magni tude information for the one or nore

coefficients having magni tudeg greater than one after

the seOB synbol is coded. WO 2008/008714

PCT/ US2007/ 073003 43 8. The nethod of claim?7,

erei.n th L ar ters. ¢ ri.-se, an.end-of : bl ack
o6y e ol cBAR AN B R inIRERO iR Geg AT i e gvetes.
d ¢WlRcingSHRG steBtics onpprissh BllecEfE thelddBurbiylatealcsuntt BEzero

synbol, and the sEOB synbol based on a probability
s dfOBeietbels-apfl SER Brsymbekiciiar eddingey ckasay iHynwpbids tesphen C, and

B

[ [
Ao BOARRARMSENRRlS ek hE pOE SHERNL B &0 Symbols
forrebding setled with nembbrs@fredtdrehanst sggalao 10 ivthietwins C 19 lesd than a
met hod of claim 7, wherein the VLC paranmeters conprise
BHXSREBTURDETOf PEading peiat ng, for each of the
coding conditions, an index of the seOB synbol within
a synbol set conprising zero run synbols, an
¢&hd- oThdhetlod CECB)m 9 ¢ nivbérecinamndl etting cod @Bt ptitrodonfyames

on, a.probabilit f an epd- of - bl.ock at | east aone
St R bup g e fle P LS RO hOE et S han i tengths
REEALES, AP IR ANShBnSPERNEbLScrd RHisat thBPefohBns having
magni tude information for the coefficients in the

Ishedk gudate thragnictiud és SgwberenrS isHess thamemeigudn lesghigahe zero
f%xed VLC tabl e, wherein the paraneter indicating the
éhitude information is based on a nunber of the

nonzero coefficients within the block having a
magni t ude of greater than one, and a maxi num nmagnit ude
bt héhemethod off slsirg 19 tukthar qareprishionidating OB shift table
Q’w‘aﬂz\%ﬁggﬁinﬁfex F%@E% 1 Q/itfiin J% AL §et%&%§§mgfzer%' dhM

, erein collecting’coding stat’istics conprises
sehbes tha BOBayaibollaad ¢ sEQB1tyEntafl baexd@nramsbability of an end-of-
end- of - bl ock ([EOB) .synbols and sEOB synbol s for
Biork g}réﬁq reél@ﬁfislﬁ@ RdRGF ) Doy O%e@gwrﬂ@a%@ows Rbfgo runs,
OB {8 bkCaRAEBOB s §hbols T dal &3t if8nONBIAL
nDréE%iC pgraneterg&bgged oneﬁﬁglg%%uwuﬁg%gdlcgun s, e dn
4HOB Fhit tablchod casingainandaxldd anwhOBesymbmd Withot 4 sygnlsd détrogmprising

tatisti j |l ecti h | at ed .
Eo RS EOLET FARES mEBRand i oT P i BB ayRiscrabstifty of e
§Reml EMABI-Blobk Gheh ROIERBAE hdiRRo cRIGLIMIER BicbIGd HAS binnitude
one or nore of the VLC paraneters cngrlses adj usti ng
5

giivatephan enc fasrtee KB opae apding penditoon basseon Hrpceyrhulated counts of
%\e‘%g L8 EBgﬁ?n{ﬂo?sna;ﬁdcsé Bnér nlgtzoge%o? %grrgsfpco:ﬁ(lhg'% Ircn%cé‘igg conditions, and

ereil h_ collectin | I'strcs-conp
aedatiag bivigr thdebasle suitdtiah @sbl€ Hdidain®@h VA&T Bodcbosk 64 to code
| ess than all zero runs. ) ) o
indices of the symbols in the symbol set for the respective coding condition based on
the accumulated counts of zero runs, EOB symbols, and sSEOB symbols for

corresponding coding conditions.

16. The method of claim 10, further comprising normalizing the accumulated counts
at selected intervals within a slice comprising blocks of the digital video block

coefficients.



WD 2008/ 008714 PCT/ US2007/ 073003 44 13. The nethod of
claim 10, wherein the coding conditions include coding
W@ y®BMee3714 and col | ecting coding statistics conpeT/E8®07/073003
col l ecting the accunmul ated counts of zero runs, EOB

synbol s and seEOB synbols for gpding cycles with
nunbers less than C, and not collecting the
accumul ated counts of zero runs, EOB synbols and sECB

b1 " cai B mieBlog ST B P oothial R L SR gl chroma

Dandherchedmd A€ B16eksngpa¥ielyeffom bte arddiRer Rt @Qﬂlr&lf:ly(ﬂrcﬁh Mma
13, wherein collecting coding statistics conp

blorkssestnanygpeiate eadcairhivekt EQRISIHT wbiss. spegial ﬁmsir@? ‘ffl@Crk (sEOB)
S ﬁtﬂabcf% Eltﬂc?Vf%rc%dEwl) s%f&h taip%@% posde thg O&Q?{Ce §i’1de %gqolocks,

|'ec a conbi ne coun Zero runs
Whé\mlm@%h bﬁ thel BB shist tgbleaindicatedhan imtex @ffuaEQBsy®abol within a

mher in Sis |ess than a. maxi mum.| engt he zer
78&@%%@%@@%@%1*@@915: the £OB ip %cﬂ déEﬁﬁE@@.Sﬁ@bol based

Hﬁ’%}d ngﬂ Woﬁ&ﬁrﬁmff—ﬁlo r{ﬁ@k & res @é’dv%%hﬁ% cBRditibAEAIPbF @B VILC

n a sy Conpr|S|ng Zero run
sgdﬁfbwlsseletdtlen E(%sslyalibaibs a MMJ ¢ddeb<ﬁ®ed; yontgle 1hdisesdhf die

a bab it e bl ock for.the r ctive )
SR o T oD B RO R P B SaL & the SEOB shift
faBlcQ ihdiEhdes anﬁﬁ&xsdﬁ ThoLBOBa ﬁhb§15%ll§)ér§?ﬁib§1 {@ Eom%rlsmg ZETro Tun
correspondln%ﬁcodlng cond| i ons da

sshanls,taa@néro Hick4EORg smb¢ln@|@i<th©fs @B <1 1 basgihoh a probability
31 tﬁXcr:EO f?a tl{seﬁrtgspceo [ I 31 nUC%(fO ftloR Whed a%ynbo I%B)f t[he Iipnzero

ased on a p OQD

edeflicicmPBed &magiitdefof btk thhemeat | east one nonzero
coefficient in the block has a nmagnitude greater than

one for the respective coding condition based on the

pecu ”F'iéé‘#ngﬁmﬁ%‘f@faﬁn 9 mﬁ%EPcJéhﬁlﬁincg%ﬁ@fs?iI}{gﬁg ﬁ%%%ﬂif?ﬁﬁﬁs, the

synbo r corresponding co

sipOB tshifigrable¥/latd ddde badekoslesdation mbtl @élfbethicrtlronat DGgind AC
VLC codebook ysed to. cod i hdi ces_of the synb  n
blrekssRarerbpn seding Hptistics collsstrddpr the chiiiay CapHArG LE?HLS-
based on the accunul ated counts of zero runs, EOB
synbol s, and sEOB synbols for correspondi ng codi ng
tdndi Thomsthod®f cibire 1iefuntbdr afmppisaignmt@]izihgthteOB shift tables,

e R I SR N Y iy Xe
Bl'&@ksfjdh%ﬁeﬁﬂ%\fﬂoﬂ?ﬂhe%@@Klocﬁ@ef ficients. WO 2_008/ 008714
PCT/ US2007/073003 45 17. The nmethod of claimb5,

further conprising performng VLC coding of chronma
20. The method of claim 17, further comprising using fixed EOB shift tables, sSEOB

shift tables, and VLC codebook selection tables for the chroma DC and AC blocks.

21. The method of claim 1, further comprising performing the VLC coding of the
digital video block coefficients both within a first entropy coding unit at a video encoder
and within a second entropy decoding unit at a video decoder to encode and decode the

digital video block coefficients.

22.  The method of claim 1, wherein the digital video block coefficients represent
block coefficients in a fine granularity scalability (FGS) enhancement layer of a scalable

video coding (SVC) slice comprising the enhancement layer and at least one base or



DC and chroma AC bl ocks separately from one anot her
and separately fromluma bl ocks using separate

wenwsnis7d ock (EOB) shift tables, special end-péFbbmok073003

(seOB) shift tables, and VLC codebook sel ection
tables to code the chroma DC gnd AC bl ocks, wherein
each of the EOB shift tables indicates an index of an
ECB synbol within a synbol set conprising zero run

synmbol the EOB synbol ...and t he sE |. based. o
PTG Bisel g O e S e e bR ok Y B iR 3G hin £ Biock
Wﬂ?ﬂi&s codifg bbiflonse&dGpndficahhécHlidients ade hoRleis flegini fidant
tabl es indicates a VLC codebook used to code indices
eFcfiigients &y thig snBancamendaysy girotockiegicrty for aviidsgnarespapging

i Lt SEOB shift tables
ottt tlon s BT %ﬁtbﬁﬁegoéﬁ%goﬁgyeg%@%@nbm within a symbol
set conprising zero run synbols, an end-of-bl ock

EOB) synbol,  and the sEQB synbol. based on )

é%-o_baﬁﬁ Yiflqo,codyre ¢eyics MBS BRI IrYIF e s YLL) it configured
fbg%?'fbgme@l_ nd 'cB%iﬁg om%g[alax?idéoeﬁ&l? e Qntt ﬁﬁﬁ%%@ flameters,
coe as a 8.

ficients gni tude of greater than one. 1
J¢lechatdistatistics dunmgltic VLG ¢dieng efthpdigstahgdeaplosit cogficients,

th shift tabhles e SEOB shift t es,. and VLC
bbb Rreer Betti YhCaBryrcn Hu o st ek D on the
Bl1Reted Bamedia@ntigodi ng statistics collected for the
chroma DC and AC bl ocks. 19. The nethod of claim 17,

further conprising initializing the EOB shift tables,

OB i ft.ta S d,VLC co ok..sel ection.tahles
7550 BB vt B A S RSO B REBRENGR 10 Bftidiieg e
Vuxrep Riraeks . at 2Qtart0TQ stied badprfineblatios o fhe digftiingdeo block
conprising using fixed EOB shift tables, seOB shift
ﬁ§ﬁ1@§ﬁ&and VLC codebook sel ection tables for the
chroma DC and AC bl ocks. 21. The nethod of claim1,
further conprising performng the VLC coding of the
o5.gi t @Ahe d¢vdenoflllaok? 3¢ odikfdicihe MISC hoit is asinfipured@o kdjustthe one or

entro coding unit at a video . encoder and wthinp a
@@&f‘oﬁﬁ%@%%ﬁw &Eﬁf@?ﬁtmnﬁmaﬁs %{ttﬁlal a\ﬁq@% SOIHBE%}H%LPOPQS of the
&gﬁﬂdﬁd@ﬂao@l@&%@ﬁcimg di gital video bl ock

C

efficients. 22. The nethod of claim1l, wherein the
digital video block coefficients represent bl ock

efficients i a fine granyl i calahilit -
S Bt S8 of it SR s C Y B D Biatist Yo & the one or
ot COLCYMPIhGER At bARISRELITHREERE byith@y £51i @Nnisin@@%dcks of the
one base or WO 2008/ 008714 PCT/ US2007/ 073003 4

sigeel adep blagkegoctipgientai n codi ng positions of nonzero
bl ock coefficients within a block conprises coding
positions of significant coefficients, and wherein the

37.9ni Theastice efagdifn 13, icfein thet\eC anit anaanignicd k@y&te psRions of
coefficients for which corresponding coefficients in
nonzerpaliaclypochi@gity wathing, blpcly pezere s preceding the nonzero block

coefficients using the VLC parameters, and to select different VLC parameters based on

different coding conditions within the block.

28.  The device of claim 27, wherein the VLC unit is configured to select different

VLC parameters based on different coding conditions within the block.

29.  The device of claim 23, wherein the VLC unit is configured to code a special

end-of-block (sEOB) symbol to indicate presence within a block of one or more



23. A video coding device conprising a variable length

code (VLC) unit configured to perform VLC coding of
waele@sned714/i deo bl ock coefficients using VLC paPERES®NTE(73003

coll ect coding statistics during the VLC coding of the

digital video block coefficiepts, and adjust one or

nore of the VLC paraneters during the VLC codi ng based

on the collected coding statistics. 24. The device of

clakm 23, wherein. the VL nit is_ confiqgure o :

?%e?ﬁ?%‘i%ﬁ DaVIpR Qasics %eﬁ%t Pongy ang C&FS?‘P%?“‘% gortion for

HRIGAE i08 hidge tdcPlkisntOhatine ndkBitidRb gMatle ehall e kfter the SEOB symbol

coefficients. 25. The device of claim23, wherein the

weedehit is configured to adjust the one or nore VLC

paraneters at selected intervals within a slice

conprising blocks of the digital video block

8@ef f The¢ entise of2baimlive whendic the Of L€ badameR3s cory@ise] an érfdeof-block

LC uni.t iis caonfigured to adjust th ne. or mre VLC |
%}f{lklé faoledsgiseay ingex of %Fé@k%’”_&Pf Hithing: §npRog sct comprising

E&Hﬁﬂ %Jn%lé? ltl@eclgéB% mﬁoBE an&iﬁg' s?i@]% %’)’ano(? bggeg‘:c}ﬁ a eprobability of an
efficCi c In the

co ents. 27. The device o im23, wher

¥Midsofabliotk fog cedndfi theireding corslntmens hesigttiasked, afnd andhZ epdebook
bl ock fficients within a.blocgk as, zero r .
IR0, PEefBR S ERBbRON toar FadeaRt Sy ity sls in the
Welb N IEOEERN DI NGl ®aliRehs Biihf ahary, VLC parameters
based on different coding conditions within the

bl ock. 28. The device of claim?27, wherein the VLC
it i confi red el ect, dj erent ., VLC par amet .
e i er B Ui o8Py Soncl HEGhE gonchmpRLS gRERD snin

ased 0 ng - condi S

#91c ihhiRat@ley fereadi oCthaicouidad condiesBi trideteaclbd; adihdexiof the sSEOB
configured to code a special end-of-block (sSEOB)
SR Withen # AP ReliSet GanaHE YR Tl SMRol) Bt k1chpi-biRek drOB)
Bo1 Wy AQABIROE At B Jd%ﬁ%g&%{)@oﬁﬁ%% an %Zd-g?-%fofck SRR Least
avi ng magni tudes greater than one; and code magni tude
omf effthehoorrd arcffiditigs baxea wagiiaide of gehicr diaanins, dnd\w pagameter
gni.tudes greater than one after _the sE ynbol is .
Eotating AUt agen Sy orsficigpi .Hé% bfquéf Witgmagnitudes
g@ﬁéﬁﬁ{aﬁ lofie ES’dHafds%% , B0 d8Ce 1 b hafekein (@%}aﬁw ihdicating the
abl e 1'ndicating an i ndex of an EOB synbol wthin a
sypitldeseforrampr is baseg onzerumbren of themookap co¢fécEaB within the

B B e Pl S RSB b B oo
BRIfAEchts 36#haTihe BitkdhaVing 2GRESNABKOf Sehtecthb@Bnd abl e

i ndi cating a VLC codebook used to code indices of the
synmbols in the synbol set for each of the coding

ggndl The Qéc'vigeeolfn o‘i’aiﬁlr?f l\(VFfl%l"ein the VLC unit is configured to collect coding
statistics including accumulated counts of zeros runs, end-of-block (EOB) symbols and
sEOB symbols for different coding conditions, and adjust one or more of the VL.C

parameters based on the accumulated counts.

33. The device of claim 32, wherein the VLC unit collects the accumulated counts
of zero runs, EOB symbols and sSEOB symbols for less than all coding conditions, and

adjusts the one or more VLC parameters for less than all coding conditions.

34, The device of claim 32, wherein the VLC unit collects the accumulated counts

of zero runs for less than all zero runs.



31. The device of claim?29, wherein the VLC paraneters
conprise, an sgeOB shift table indicating, for each of

wa bh@soesiisig conditions being tracked, an i ndexp@f/us1ve7/073003
SEOB synbol within a synbol set conprising zero run
synbol s, an end-of-block (EOB)g synbol and the sEOCB
synbol based on a probability of an end-of - bl ock when
at least one of the nonzero coefficients has a
magni t ude of greater than one, and a paraneter
i ndi cating the magnitude information for the

soef f Thé eatise dfitldiRe3 DmdelcivibcRodmgrohdidess 1nglﬁlﬂ@b&flng cycles,
than one coded using a fixed VLC table, wherein the

et Betlr unihepliostsi th@ aqonBIUl diechenuntsc ZevefRHEQR Aymeols and SEOB
TR, R ROTLIPEG SR BRRSS iSRS B

accltlamilmdmdmg;mftzadﬁuﬁi RO® symbkzle amd sEOBfifnboleMbrscoding cycles
hin_the bl oc haV|n%6a naqyltude ?f ﬂleater t han

it DURPCrS ERAGILY WP & WIZERIN (ke fesp Fap pem iU mber of

s 58 ?y%gd to collect coding statistics including

accurmu counts of zeros runs, end-of-block (EOB)
synbols and sECB synbols for different coding

36 amth e eSS b (T G enlutc Sepumpged couns

Qﬁz@r& furRfforcdadh BY 8. zeM @M EhAViAd féng/ﬂhe;lég@ 'tHan(SO hh&@&&cisfae
accunul ated counts of zero runs, t% ols and sECB
) 2]

eymbordcdunt of ease rusdor i |zer@o’dnsw@aveltgnl@ng katen Hgn or equal to S,

ﬁ{ml %m S (e, of mor e, &(ﬁ% peters for less than
Ao 8 condt F1oRS: g?ﬁ e d&vPLEf claim 32,
wherein the VLC unit collects the accunulated counts
of zero runs for less than all zero runs

ébos;/ bbedaicotrlaimpiys whereznths VI4@; ugis updies @e@@%éh@r table

BT e g L e 00 8y T sl

mmlmls tiod E@Bregmbohand E@E@Bmmhlsol @nd:dsﬁ@?prohahmtglosf ah end-of-

ﬁlgplf RS ReaPie CoHIP Ca R e BF EpTRdaisd CpRRs: of ero runs,
of16h B EEBB 3Bk Forf %egﬁgﬂd%% &Mﬁlgec%ndl\cf:‘ﬂohg Ipdates an

nunb rs greater than or equal to wherein [ ess
$EQR shifnaklicmdreaimgterindsx oftahesE@@dsynu@]ooé ywathesa sy@ghol Fetecomprising

SR gt QuROR ST Bhdne O S b oSy or

§peaml BRILbABlote RBbN 8t 8% Snd ﬁ&ﬁ:el% cRMfLi&AlA BRtIodk has a magnitude
conbi ned count of zero runs for the zero runs havin

B@ﬁ'@f fhgn gne fardhe ranpastive C@dm%u pondaticg basggher éieracwm@lategwunts of

z
L0808, B THAIR 088 BB RSB r G R s o
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symbol set conprising zero run ) ) o
indices of the symbols in the symbol set for the respective coding condition based on
the accumulated counts of zero runs, EOB symbols, and sSEOB symbols for

corresponding coding conditions.

38.  The device of claim 32, wherein the VLC unit is configured to normalize the
accumulated counts at selected intervals within a slice comprising blocks of the digital

video block coefficients.



synbol s, the EOB synbol, and the sEOB synbol based on

a probability of an end-of- block for the respective
weeasngs7eondi ti on based on the accumul at ed courdBUS$007/073003

zero runs, EOB synbols, and seOB synbols for

correspondi ng codi ng conditiofts, updates an SEOB

shift table indicating an i ndex of an sEOB synbol

within a synbol set conprising zero run synbol s, the
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43.  The device of claim 23, wherein the VLC unit is configured to perform VLC
coding to encode the digital video block coefficients or to decode the digital video

block coefficients.

44.  The device of claim 23, wherein the digital video block coefficients represent
block coefficients in a fine granularity scalability (FGS) enhancement layer of a scalable

video coding (SVC) slice comprising the enhancement layer and at least one base or



41. The device of claim39, wherein the VLC unit is
configured to initialize the EOB shift tables, sEOB
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bl ocks. 42. The device of clagn 39, wherein the VLC
unit is configured to use fixed EOB shift tables,
SEOB shift tables, and VLC codebook sel ection tables

R S R oo LR 5 B LB S« ok
p&ahprelcHify peQEd RO fisneatectiiderds, Gnll athewisleR stinddant
coefficients or to decode the digital video bloc

eqsdfi¢icRts énthe enhencermpes lepesyiaececasfiicends far duchgnarespandinge
| @1 ' 0effiCi t bl ock

e 1 B8 Bl A OR PafCiPoy “Ccar abi 11ty (FG9

enhancenent | ayer of a scalable video coding (SVC

lice caonprising, the enhancenent | ayer and at | east
e bAsEIG CANIBTEFSOBPIANSCT/ US2007/ 073003 50

previ Qus,d @?g&fo e oLe é‘oﬁﬂ{gﬁ} gg@éﬁ LR8BIk BORERHR using VLC

bl ock coef lents thin a conpri ses codi ng
paosinticons of significant coefficients, and wherein the

significan ef.ficients Ln the.enhancenent. | ayer are .
coat 1 mernps B il Fechie St dieh Qe \ddarrdies Bhine G video
bldek besSBciehtsPARIVi ous | ayer are zero. 45. A video
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47. A method comprising:

generating variable length code (VLC) parameters; and

performing VLC coding of digital video block coefficients using the VLC
parameters,

wherein the VLC parameters comprise a special EOB (SEOB) shift table
indicating, for each of a plurality of different coding conditions, an index of an sSEOB
symbol within a symbol set comprising zero run symbols, an end of block (EOB)
symbol, and the SEOB symbol based on a probability of an end-of-block when a block

includes one or more nonzero coefficients having a magnitude of greater than one.

48. The method of claim 47, further comprising generating, as one of the VLC
parameters, a parameter indicating a magnitude information of the nonzero coefficients

within the block coded using a fixed VLC table based on a number of the coefficients
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SEOB symbol based on a probability of an end-of-block when the block includes one or

more nonzero coefficients having a magnitude of greater than one.

53. A device comprising:
means for generating variable length code (VLC) parameters; and
means for performing VLC coding of digital video block coefficients using the

VLC parameters,
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