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location — however, the term is alternatively used here to refer to a scalar-valued sample).
Various image and video systems may use different color, spatial and time resolutions of
sampling. Similarly, digital audio is typically represented as time-sampled audio signal
20  stream. For example, a typical audio format consists of a stream of 16-bit amplitude
samples of an audio signal representing audio signal amplitudes at regularly-spaced time
instants.
Uncompressed digital audio, image and video signals can consume considerable
storage and transmission capacity. Transform coding can be used with other encoding
25  techniques to reduce the quantity of data needed for representing such digital audio,
images and video, for example, by transforming the spatial-domain (or time-domain)
representation of the signal into a frequency-domain (or other like transform domain)
representation, so as to enable a subsequent reduction in the quantity of data needed to
represent the signal. The reduction in the quantity of data is typically accomplished by the
30 application of a process known as quantization or by the selective discarding of certain
frequency components of the transform-domain representation (or a combination of the
two), followed by application of entropy encoding techniques such as adaptive Huffman

encoding or adaptive arithmetic encoding. The quantization process may be applied
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The ability to exploit the correlation of samples in a block and thus maximize

20  compression capability is a major requirement in transform design. In many block
transform-based coding applications, the transform should be reversible to support both
lossy and lossless compression, depending on the quantization operation applied in the
transform domain. With no quantization applied, for example, encoding that utilizes a
reversible transform can enable the exact reproduction of the input data upon application

25  of the corresponding decoding. However, the requirement of reversibility in these
applications constrains the choice of transforms upon which the coding technology can be
designed. The implementation complexity of a transform is another important design
constraint. Thus, transform designs are often chosen so that the application of the forward
and inverse transforms involves only multiplications by small integers and other simple

30  mathematical operations such as additions, subtractions, and shift operations (to
implement multiplication or division by a power of 2 such as 4, §, 16, 32, etc.), so that fast

integer implementations with minimal dynamic range expansion can be obtained.
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Techniques that are used to mitigate blocking artifacts include using deblocking

20 filters to smooth the signal values across inter-block edge boundaries. These techniques
are not without their flaws. For instance, deblocking techniques can require significant
computational implementation resources.

Another approach is to reduce blocking effects by using a lapped transform as
described in H. Malvar, “Signal Processing with Lapped Transforms,” Artech House,

25 Norwood MA, 1992. In general, a lapped transform is a transform having an input region
that spans, besides the samples in the current block, some adjacent samples in neighboring
blocks. Likewise, on the reconstruction side, the inverse lapped transform influences some
decoded samples in neighboring blocks as well as samples of the current block. Thus, the
inverse transform can preserve continuity across block boundaries even in the presence of

30  quantization, consequently leading to a reduction of blocking effects. Another advantage
of a lapped transform is that it can exploit cross-block correlation, which yields greater
compression capability. In some lapped transform implementations, overlapping blocks of

samples are processed in forward and inverse transforms. In other implementations,
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operations during encoding and/or decoding.

According to one aspect of the disclosed technologies, a digital media decoding
device performs an inverse overlap transform when decoding digital media. The digital

20  media decoding device performs an inverse frequency transform on digital media. The
device then applies multiple overlap operators to results of the inverse frequency
transform. A first of the multiple overlap operators is an interior overlap operator, and a
second of the multiple overlap operators is an edge or corner overlap operator. Each of the
multiple overlap operators is characterized by substantially equivalent DC gain. This

25  reduces DC gain mismatch between the operators.

In corresponding encoding, a digital media encoding device performs an overlap
transform when encoding digital media. In pre-processing, the device applies multiple
overlap operators to digital media data samples or to the results from an earlier stage of
encoding of such digital media data samples. A first of the multiple overlap operators is

30 an interior overlap operator, and a second of the multiple overlap operators is an edge or
corner overlap operator. Again, each of the multiple overlap operators is characterized by
substantially equivalent DC gain, which reduces DC gain mismatch between the operators,

and thereby improves compression performance. The digital media encoding device
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bitstream, information indicating the selected tile boundary option. In some

implementations, this allows for switching between a first mode (hard tiles) which

20  typically has less compression efficiency but no dependencies between tiles, and a second
mode (soft tiles) which typically has greater compression efficiency but dependencies
between tiles.
The above summary is just a brief overview and is not meant to describe all
features of the innovations presented herein. The foregoing and other objects, features,

25  and advantages of the invention will become more apparent from the following detailed

description, which proceeds with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a flow diagram of an encoder that includes a lapped transform utilizing
30 areversible overlap operator.
Figure 2 is a flow diagram of a decoder that includes a corresponding inverse

lapped transform.
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20 Figure 7A is a flowchart depicting an example method for performing an overlap
transform using overlap operators with reduced DC gain mismatch and reduced DC
leakage.

Figure 7B is a flowchart depicting an example method for performing an inverse
overlap transform using overlap operators with reduced DC gain mismatch and reduced

25 DC leakage.

Figure 8 is a block diagram of a suitable computing environment for implementing

the technologies described herein.

DETAILED DESCRIPTION
30 The following description relates to a digital media compression or decompression
system, or encoder or decoder, which utilizes a forward/inverse overlap transform design
that addresses DC gain mismatch and/or DC leakage phenomena. For purposes of

illustration, an embodiment of a compression/decompression system incorporating these
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probl ems of DC Tirdkp@endniatidngd ¥ho e¢ter @tvadysiofbddrvsidgaiobless 88 Bi(Ngakdgciimge
codi ng and decodin as described in U S. Patent Application_No.
12/ 165, 474x4ApPaépr Jonevesigp prsessinglin imgaeerdinparddrspdingraspiceibgd 4 Pve but

generalizqqlt %P?g§£ﬂkﬁh?q2ﬂ%§ﬁ7@ﬂﬂ8@?&xﬁﬂﬂ2&ﬁ9°der are illustrated and

descri bed as
15

1. Encoder/Decoder

A representative but generalized and simplified data encoder and decoder are
illustrated and described as follows.
Figures 1 and 2 are generalized diagrams of the processes employed in a
20  representative 2D data encoder 100 and corresponding decoder 200. The encoder 100 and
decoder 200 include processing for a lapped transform using techniques that address DC
gain mismatch and/or DC leakage. The diagrams present a generalized or simplified
illustration of the use and application of the technologies described herein in a
compression system and decompression system incorporating the 2D data encoder and
25  decoder. In alternative encoders and decoders based on these reduced DC gain mismatch
and DC leakage techniques, additional or fewer processes than those illustrated in this
representative encoder and decoder can be used for the 2D data compression. For
example, some encoders/decoders may also include color conversion, any variety of color
format processing, scalable coding, etc. The described compression and decompression
30  system (encoder and decoder) can provide lossless and/or lossy compression of the 2D
data, depending on the application of quantization which may be based on one or more

quantization control parameters controlling the degree of fidelity loss in the encoded



Figures 1 and 2 are generalized diagrans of the processes enployed in a
representative 2D data encoder 100 and correspondi ng decoder 200. The
encoder IO 2arb4e8s6oder 200 i ncl ude processing for a | appgEdstecansi2eay m usi ng
techni ques that address DC gain m smatch and/ or DC | eakage. The di agrans
present a generalized or sinplified illéggration of the use and application
of the technol ogi es described herein in a conpression system and
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typi cal |nputp) of 2D data 110 presented as input to the encoder 100. For
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bl ocks for14Raisetn 4 eBPEArn @mbbdifncay b3 o crlipeadferakspctdters4Xhe &lcoaks 00f
sanpl es, 2x4 bl ocks of sanples, or 2x2 bl ocks of sanples. Alternatively,

t he bl opksth%ﬂf‘éf%mﬁérbl%qkzt@élﬁform 130100 thg regpegyze blogksf f orward overl ap _
Processi ng, theﬂ%”é‘ﬁ%’c?ﬁ[r G a?a"‘t?sgtgle ?)‘gﬁéde?ﬁci&%ﬁgéﬁthe %’%O%%?fﬁg@glggth‘éf I nput

data. The forward overl ap opera own as s in an
exenpl1ar y respeotivanitdatks foosubsapent apodingnThe emodpel 8k @t formT e addit ok stagd 0

t hen perf orne a blrock transfor mégo on the res ectt' V@Cte)l ogtlfs .ntTh,Eh encoder
100 separ gt @¥ciepePReessprnt GrariGirasRey anskEmsadrns Perellicinty nhe
respecti ve,oliRnkiSitd RrordvasEANERssiaR eAdbOGkipfdaag gLl kRO AL dREEP an
addi ti onal stage of overlap processSing and forward frequency transtornms on
t he DC coafperatore pt diffcTdne overlap operators as the first stage. For example, in some
implementations the encoder 100 can choose whether the additional stage of overlap
20  processing is performed or not, and signal the decision in the encoded data for a decoder to
use in deciding which inverse overlap processing to perform. The encoder quantizes 170
the results of additional overlap transform of the DC coefficients, and the encoder
quantizes the AC coefficients. The encoder then entropy codes 180 the coefficients, and
packetizes the entropy coded information for signaling in the bit stream 120 along with
25  side information indicating coding decisions that the decoder 200 will use in decoding.

With reference to Fig. 2, as a brief overview, the decoder 200 performs the reverse
process. On the decoder side, the transform coefficient bits are extracted 210 from their
respective packets in the compressed bitstream 205, from which the DC and AC
coefficients are themselves decoded 220 and dequantized 230. The DC coefficients 240

30  are regenerated by applying an inverse transform, and the plane of DC coefficients is
“inverse overlapped” in post-transform filtering that uses a suitable operator applied across
the DC block edges. Subsequently, the blocks of samples are regenerated by applying

inverse transform 250 to the DC coefficients and the AC coefficients 242 decoded from



addi ti onal stage of overlap processing can be skipped, and it can use the
sane overlap operators or different overlap operators as the first stage.
For exanpWwe,20iom4g’y8e i npl enent ati ons the encoder 100 camCTlruso®e/06d2e® her t he
addi ti onal stage of overlap processing is perfornmed or not, and signal the
decision in the encoded data for a decg%gi to use in deciding which inverse
overlap processing to perform The encoder quantizes 170 the results of
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coefficients 240 are regeneratg by applying an inverse transform and the
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filtering that uses a suj.table operat.or 1 ed across the DC bl ock edges.
Subsequenﬁ??ﬁaﬂﬁ%piﬁQRﬁ%¢Qﬁa@ﬂﬁﬂﬁ%@§m§F5cggggﬂ%rated by appl yi ng inverse
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fronthe bitstream Finally, the block edges in the resul ting inmge planes
are i MPer ddc boendanplof pvertapedosdng. P crrodonck pade oof ckplviacd evibwvelcrange

processin n_use the s ver | operators .or. different overlap .
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reconstruct ed 243 @@t the@utdutt scdOfs o ofGEMEd dlc totadilyasd afsoPeischdundary to
Technol ogi es This section contains general exanples of techni ques that
i mprove péist BhgRREEOIHING QG RPIOGOSHEE SHHRE ORI Y taptforn codipdindicnynplécodi ng.

Figure GA.tﬁgp%%@&ﬁBgrQ%/B?%g%h%B%E Hﬂﬁb@o&tﬁ&frpéfe ?ﬁlt?jnrigl&gg% 54 %{&glsié@%ea hard

or soft ti oun or ov ap processing. An encodé&r suc he one

expl ailbed desirdd coafiprnaionel dommfe:guyref dbcqing, olicdesirhé qudapnof quput, Ausesemnhpyel v,

anot her encoder perforns the t.e jgue. At. 610 ncoder selgﬁés.oge of
S1g°

a hard ti |¥hBRsERERAC drepding fipdp g Batrsot et ST o
overlap prQpgstioddeditc! HhnBURE ERRt MARALAL WE SR til FIRun8XRARY ifhin b€
sel ection can be based upon a nunber of tiles present in an inage to be
encoded, tihmage results in fewer inter-tile dependencies, since the edges of tiles are treated as image
boundaries for overlap processing. This facilitates decoding of individual tiles (as opposed
20  to entire images) at the potential cost of compression efficiency (since more bits may be
needed to mitigate blocking artifacts that could have been avoided with overlap
processing, and since the overlap operation ordinarily also improves the transform
compression property known as coding gain). On the other hand, use of soft tile
boundaries permits overlap processing across tile boundaries, but creates dependencies
25  Dbetween tiles for decoding. After making the tile boundary decision, the encoder performs
overlap transform processing accordingly.

At 620, the encoder signals the selected tile boundary decision in an encoded
bitstream. For example, the selected tile boundary decision can be signaled as a separate
syntax element (e.g., as a single bit in an image header indicating whether a hard or a soft

30 tile boundary is selected for overlap processing for a given image). The selected tile

boundary can also be signaled in combination, or jointly, with other syntax elements, and

can be signaled on a basis other than image-by-image.



desired conputational conplexity of decoding, the desired quality of

out put, a user setting, whether separate decoding of individual tiles

(wi t hout Wwotero/a4p87@ dependencies) is a desired applicat iPOm/USe@wOs@49 Or
anot her factor. In general, use of hard tile boundaries within an i nmage
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el enents, and can be signaled on a basis other than inmage-by-inmage. Figure
6B defglcts an eXmdl thereedrist pedomisonvarscieansfang decedingbesed ahmest inpagont til e
boundary indi gat of.. decoder..such as the . .one explained with reference to
Frguro 3 poF ORI sl BERR SR B SrlelS GEf SIGBHHER bl PREs e
the technidgdecs hst peABim tihecrsteewdiap pfeesinescroR i bRindefcs depaidignended
bitstreamindicating a selected tile boundary option for inverse overlap

pr ocessi ngvhetirs st ﬂ%@m@ﬂﬂésﬁéﬂﬁﬂhry_option indi cates one of a hard tile
boundary and a /—?metboél'nhﬁ?r%g@gﬂr%fdiga%r A aRoHe c%é%"iﬁe%l%ﬂ{ Q%&é&éd‘&verﬁ r
exanmpl e, the selected tite oundary option can be received as a separate
synt axt5el enedd swth thatjaniavetlyp modedptiynihdicate e vembinadmdof dveclap stage aretei ved i n

an i mage header_for an.image or received at me ot her syntax |evel.. At
650, the Q@&@é@tﬂp%ﬁe&&%% Qe amPte QRSYBHTPHEE SUFTHY Bederpian PR AKECH M part
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sel ectively perfornms, or does not perform 1inverse overlap processing

acr oss ti |lecrowhrdboveskep depgodn ngheore with two stages), another value of the overlap mode

option can indicate that only the first of two overlap stages is applied with soft tiling,

20  another value of the overlap mode option can indicate two overlap stages are applied with
soft tiling, another value of the overlap mode option can indicate that only the first of two
overlap stages 1s applied with hard tiling, and yet another value of the overlap mode option
can indicate two overlap stages are applied with hard tiling. Such an overlap mode option
can be selected, used when performing overlap transform coding, and signaled in an

25  encoded bitstream. The encoded bitstream is received by a corresponding decoder, and the
selected overlap mode option is decoded and used when performing inverse overlap
transform decoding.

Figure 7A depicts an example method 700 for using overlap operators with
reduced DC gain mismatch and reduced DC leakage in an overlap transform during

30  encoding. An encoder such as the one explained with reference to Figure 1 performs the
technique. Alternatively, another encoder performs the technique.

At 710, the encoder encodes digital media, where the encoding includes overlap

transform processing that uses plural overlap operators with reduced DC gain mismatch



whet her soft tiles or hard tiles are used. A tile boundary decision

i ndi cator can al so be conbined with a sel ected overlap node, such that an

over |l ap rwoeompRgYs | ndi cates a conbi nati on of overl ap ®rCags2@maedray d/ sof t
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L ove . . ?14 .
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e limpn oy
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a first overlap operator (for interior regions) has a first DC gain, and a second overlap
operator (for edge or corner regions) has a second DC gain that is substantially equivalent
to the first DC gain. Examples of interior overlap operators, edge overlap operators and

20  corner overlap operators having substantially equivalent DC gains are provided below for
blocks of luma samples and chroma samples at different resolutions.

The term “substantially equivalent DC gain” does not mean that the overlap
operators must have exactly the same DC gain. Instead, the DC gain difference should be
small enough to reduce (or even eliminate) undesirable artifacts resulting from the

25  difference in DC gain between the overlap operators, considering operational constraints
and planned applications. The target level of similarity in DC gain can vary depending on
target implementation complexity versus desired quality, in addition to other factors. As
examples, the sets of overlap operators presented below have substantially equivalent DC
gain within the respective sets.

30
3. Example Implementations

Example implementations include lapped transform technology.



DC gain m smatch and reduced DC | eakage in an inverse overlap transform
during decodi ng. A decoder such as the one explained with reference to

Fi gure 2 woerbhovmes7she techni que. Alternatively, another pdeasden/opeid or s
the technique. At 740, the decoder receives an encoded bitstream For
exanple, the bitstreamfollows the JPE&%AI‘? format or another format. At
750, the decoder perforns inverse overfap transform processing that uses

pl ural overlap oper&.prs Thdobeti@lBasss DC gain m snmatch and reduced DC

| eakage. In particular, a first overlap operator (for interior regions) has
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has a second DC gain that is substantially equivalent to the first DC gain.
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overl ap operators, c g operational constraints
applications. The tdrgmendyaoatenaf similarity in DC gain can vary dependi ng

on target inplenmentation. conplexity versus desired quality, {n addition to
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call ed an er |l apped .t r ansf or is conceptuallly simlar to a bl ock
£ ranat or mdeRodes ADBHE Bt G RBRI N SR G MR ORa P T pesdeor o BTG i g of
the input @alkg into block regions (regions that consist of a string of

sanples in a ID series or of a rectangul ar bl ock-shaped array of sanples in
a 2D data set shevwlldaown phasqreynonassdcricdapith Plogly trensfarfisois thet produgivo®éss t o

each QI50C lﬁolgccf(ir?gna?ljt#azc%/, \gv%?c% e ]geercé]g)ttgal fdgs%grlllt?nrh(i:ﬁ'es%ﬁaﬁtc%] Secur in the reconstructed
approximation that results from the decoding process. A well known way to mitigate
blocking artifacts is to use lapped transforms. As explained above, in a lapped transform,
the data blocks that form the input to the transformation process are overlapped with
respect one another. One issue that arises in the use of lapped transforms is how to handle
20  the edges of the signal. At the edge of a set of input data samples (such as the edge of an
image), some of the data that would ordinarily be part of the lapped transform input for the
encoder is not present. The system designer must determine how to handle these edge
cases.
In image coding technology, a key concept is the decomposition of a large image
25  into multiple tiles. A tile is a set of data that exactly or approximately corresponds to a
particular (ordinarily rectangular) spatial image region of the picture. By segmenting the
image into tiles and encoding each tile separately, it is possible to access part of an image
and decode it without decoding the complete image. The ability to access particular
regions of the image can be especially useful when the images are large. However,
30  segmenting a large image into smaller tile regions can create more edges in the picture —
namely, the edges that separate tiles from other tiles within the image. At each of these

edges, tile boundary phenomena can occur that are directly analogous to blocking artifacts.



For conpression applications, the output of the block transformis
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In some prior designs such as JPEG 1 and JPEG 2000, all tile boundaries are

processed as hard tile boundaries. In contrast, in prior versions of the JPEG XR standard,

20  tile boundaries are processed as soft tile boundaries. Each type of boundary processing is
actually useful under some circumstances. In example implementations presented herein,
an encoder can choose to use cither hard or soft tile boundaries at its discretion, and to
signal that choice along with the compressed representation of image data. Moreover, in
example implementations presented herein, even when hard tile boundaries are used, at

25  least some edge samples within a given tile next to a tile boundary are nevertheless overlap
processed with edge operators, so as to reduce DC gain mismatch that could cause
problems due to application of interior overlap operators within the tile.

Example implementations also use lifting-based transformation operations. The

phenomenon known as "DC leakage" can sometimes be a problem in such

30 transformations. If a transform exhibits DC leakage, it is possible for the output of the
forward transform to contain significant non-DC transform coefficients for some constant-
valued input signals (for which the DC coefficients, in theory, should be the only non-zero

frequency coefficients). DC leakage can sometimes cause a loss of compression
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image. Additionally, and even more significantly, there is a DC gain difference between
the output of the edge handling operations and the processing performed for the interior
regions of the image.

20 Recognizing a few points helps address DC gain mismatch and DC leakage in
overlap transforms near the image boundaries. First, in prior implementations, overlap
operators suffer DC gain mismatch between interior operators and corner and edge
operators, therefore causing decreased compression efficiency and significant visual
artifacts. Second, edge, corner, and chroma interior operators in prior implementations

25  also suffer from DC leakage, which also causes decreased compression efficiency and
significant visual artifacts. Additionally, DC leakage characteristics for the handling of the
interior areas of the image in 4:2:0 and 4:2:2 chroma cases are also problematic in prior

implementations.
3.2 Overview of Example Implementations

30 Example implementations use a hierarchical lapped transform. The transform has
four stages:

1. First stage overlap processing;
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artifacts induced by problems with these operators become far more apparent. Even
without hard tiling, the previous overlap operators produce an unacceptable amount of
visible artifacts in images.
In example implementations presented herein, the overlap transforms are
20 implemented through 6 different operators. These are grouped into two groups of three
operators, the full resolution group and the chroma group. The three full resolution overlap

operators are:

1. Overlap4x4 operator — interior overlap processing operation;
2. Overlap4x1 operator — edge overlap processing operation;
25 3. CornerOverlap2x2 operator — corner overlap processing operation.

Figure 3 depicts a diagram 300 of the layout of these operators. Figure 3 depicts a 2 block
x 2 block region of samples. The dots represent samples, and the central horizontal and
vertical dashed lines indicate the block boundaries for transform coding and decoding. The
rounded corner boxes represent the region of support for each of the overlap operators.

30  The rounded box 310 around the central 4x4 region of samples represents the interior
Overlap4x4 operator, the rounded boxes (e.g., 320) around the 4 corner 2x2 regions of
samples represent the CornerOverlap2x2 operator, and the rounded boxes (e.g., 330)

around the other 8 4x1 (or 1x4) regions of samples represent the Overlap4x1 operator.



3. Second stage overlap processing; 4. Second stage core transform The
overlap stages operate on a skewed grid with respect to the core transform
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vertical offset fromthe top | eft corner 'pixel. The correspondi ng inverse
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are gr oupqd;j;p@nm;Qmewﬁg%g{mﬁﬁ%ﬁ%&g@r ators, the full resolution group
and the chroma group. The three full resolution overlap operators are: 1.

Over | df4x4 opertagwe 4-shpws ediagraro ¢80 Phplaypuiceshisaghioper eptcrasers ag apidiedrtd ap4x|
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- corner overlap pr%léesa ng-oper i gur depi a diag

t he | ayoutscedndt s vengs @idfcam for 9 2rBdSvekapiptddscheorda bhd@kls XFot didxack regi on
of sanples. The dots reg{jesent sanmpl es, and the central horizontal and
vertical dasReementeéblockyithederoutpé ths ayekamepmaopestaryis apphekiost#2codi ng

L LT R
regi ont5of isdingt ds et kamdisestfhetramf@rm arding and decoding. The rounded corner
boxes (and circles) thus represent the domain/support of various overlap operators. The
rounded box 410 around the central 2x2 regions of samples represents the interior
Overlap2x2 operator, the rounded boxes (e.g., 420) around the 4 corner 1x1 regions of
samples represent the CornerOverlaplx1 operator, and the rounded boxes (e.g., 430)
20  around the other 8 2x1 (or 1x2) regions of samples represent the Overlap2x1 operator.
Figure 5 shows a diagram 500 of layout of these chroma operators applied to
chroma channels with 4:2:0 resampling. Figure 5 depicts overlap operators for use in the
second stage overlap transform for 4:2:0 downsampled chroma channels. For a 2x2
arrangement of blocks, the layout of the overlap chroma operators is applied to 4:2:0
25  samples. The dots represent samples, and the dashed lines indicate the block boundaries
for transform coding and decoding. The rounded corner boxes (and circles) thus represent
the domain/support of various overlap operators. The rounded box 510 around the central
2x2 region of samples 510 represents the interior Overlap2x2 operator, the rounded boxes
(e.g., 520) around the 4 corner 1x1 regions of samples represent the CornerOverlap1x1
30  operator, and the rounded boxes (e.g., 530) around the other 4 2x1 (or 1x2) regions of
samples represent the Overlap2x1 operator.
Two issues arise in the design of these operators: DC gain mismatch and DC

leakage. Ideally, within each of the two operator sets (full resolution and chroma), the DC
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510 aroundyhbaFRALH Bkger than the magnitude of DC leakage, although perceptual artifacts
cause by DC leakage may be more objectionable in general. Thus, the main problem that
needs to be solved is the DC gain mismatch between the overlap operators. The secondary
20  problem is the DC leakage in the overlap operators.

The next section describes the syntax and semantics for several solutions that
enable soft/hard tile boundary decisions. Later sections describe new overlap operators
designed to eliminate artifacts induced by prior overlap operators. In addition to hard tiling
scenarios, these new overlap operators are also useful in “stitching” scenarios in which a

25  single large image is broken into small chunks which are compressed independently. Ata
later time, the images are “stitched” together by displaying them adjacently according to

their original relationships.
3.3 Overview of Syntax for Hard/Soft Tiling Decisions

Example implementations support both hard and soft tile boundaries. Soft tile
30  boundaries are more efficient for processing large numbers of tiles in a tiled image and

mitigate blocking artifacts. Hard tile boundaries allow more efficient processing for a
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by default hard tile boundaries, with no overlap processing), and the following additional
values and interpretations are added.

4. OVERLAP_ MODE = 3 means only the first of the overlap processing stages is

20 applied, and overlap processing is performed in the hard tiling format.
5. OVERLAP_MODE = 4 means both stages of overlap processing are applied,
and overlap processing is performed in the hard tiling format.
Decoders that do not support the 3-bit OVERLAP_MODE syntax element could not
successfully decode images using this syntax element. Thus, the addition of new bits
25  would result in legacy decoders failing to decode images.

Backwards Compatible Syntax. To allow legacy decoders to process new
bitstreams (even if decoding results in significant artifacts), the use of the sub-version
number syntax element (labeled RESERVED C in the JPEG XR specification) can be
used. For example, bitstreams containing changes presented in U.S. Patent Application

30 No. 12/165,474 have a sub-version value of 1 and otherwise the sub-version value is 0.
The second least significant bit of the sub-version number can be used to signal hard or
soft tiling. In this scheme, use of soft tiles is signaled by setting the second least

significant bit to zero, and use of hard tiles is signaled by setting the second least
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OVERLAP MODE = 0 neans neither stage of overlap processing is applied. 2.

OVERLAP MODE = 1 ned @Vﬁryierﬁ‘l?ﬂiGSOVaflap Opeiavorover | ap processi ng stages
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3-bit syntax elenment. The above ove nodes are altered to correspond to
sof t t101 i nig(shddehemts=08442. § Imthwmp NOpErlapdx4 gperagERtE witbeDE walugi nce
OVERLAP fa

processi ng ,pg“%‘?ﬁ R?%%ﬁ4 %&qu &?#%@ﬁ% ﬂgﬁﬁ&%%dm T&qu?gﬁg?%%%g are
added. 4. @{E@hﬁ’(ﬁl NoDR/ 1=6534774€)amie pﬁnyO{zehﬁpﬂkI speratbr tshﬁsﬂgﬂﬁt {odpavprecmgi Ng

For mat . .01 VERIAPDLCIAE 13 FEARONoT 1 QALY CPGHBE K5 P dcOU Iy b
2opl L0, SAIANED BorenebIa oL APTIAROLRB RS A aon BTN
not 15 are performed), so the corresponding DC value has an 1rnp1101t scaling of 1.0. Several
observations should be made regarding these prior operators. First, scaling with the prior
operators typically ensures that the basis of the inverse overlap is smooth and provides
greater coding gain in addition to less significant artifacts. Second, the actual scaling
performed by the operator is slightly different due to the integerized implementation.
20  Third, the corresponding encoder overlap operators perform inverse scaling to that of the
decoder. Fourth, such scaling down at the encoder has some implications for lossless
coding. For lossless coding, even a perfectly flat image needs to produce AC coefficients
(and thus necessarily loses some compression efficiency). Fifth, the rounding used in the
integerized implementation has a small effect on some of the analysis and experimental
25  results. In particular, many quantities such as ScalingGainMismatch and DCLeakageRatio
are only approximately linear.
In the following description of overlap operators, DC leakage and DC gain
mismatch are calculated for the operators. The method used below for calculating DC
leakage gives approximately the same result as theoretical analysis based on matrix
30  coefficients, and the method is simpler and faster. Finally, to illustrate the extent of DC

leakage and DC gain mismatch, the DC scaling gain ratio and DC leakage are derived for
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si gni fi cant0089Q0 GO @nEhisirnuyés elled valuaBer can be used to signal hard or

soft tiling. Inphhy évéﬁtﬂ? ,’[opt'égftopfmlsﬁgltrggd;}hﬁén.iF%ﬁgirlggﬁﬁg SB r &L %?4'[ he

second | east significan I zero, an se of I's sig ed by
setting thypesmeapifgiteadspgidgnihtiongnt pikcls Haoe Orealucddatyddaciddes4). tThas, i gnor e

t he sub-version. val ue woul d decode both hard and soft tiled. ipages.
successf u|tF§/ ,Scaﬁwgﬁaw figef ﬂ]eémﬂaaﬁ% PREEter ﬁ%&smftels‘fﬁf 1?‘4-&%9#%%@? B thages

since sof t ﬁﬂdt‘%al%@é’{l.@?}ﬂ13’46‘83’@(5-1'13%6315@79@?%5&@30b"C 1%51@&%6.%%@%9&1&56Mf0e0f

devel opedoecoders woul d be able to respond to the value of theé sub-version
nunber andhepooadevdarkp dxdmgeracons €301 wit hout artifacts when hard tiling is

used. The hard tiljing setting woul d be coded | ows; rdTi Li ngTrueFl ag
S CRESERVED € Tor- RPN TS inibssits et SRRT br T rR PP RESP b RIS he
decoder, trﬁ@;iﬁhhﬂbc@&rag@ﬁ%é@@%@fh@foh%-tﬂﬁi%ﬁa%?@ﬁl to have a scaling of
| /(s L2), where s=0.8272. In other words, the erl ap4x4 operator scal es up

t he DAOval(id 06§)*appPeatingtriRatio =A6000890/Nehking(inkaiiosy 80084 Tho pukuprwn as
described in U, S  Patent . li.cati Q 2 ,474.) The prior Overl ap4xl
oper at or ibseéegg?%en%%iégltﬁ%ﬁ\g ¥ g%éal pr(l)gﬁ%]ﬁlli)il%f the DC val ue. In other

wor ds, the Overpragd@®veddssxdtopersonf@sfulletdlatibls Roalatlexiipla pRoOR sk y
1.2089. The prior_corner ogperator CornerOverlap2x2 is null (no operations
are per f oraPSEYor, ¥ @IYoRdNRE Py OHENUABIXDE hps¢ the akis 12R07391 120808 diheng of
1.0. Sever@l;; | . d e I: i ors.
S e s W o D
t he | néer speo@rdrapll the sanootlucathd npitioy rapescgneat eff the ediling sgae of this addi ti on
to | ess significant artfi.f acts, Second, the ?fft ual scaling perforned by the
f

oper at or i DRGSR ARl ipRYatucy Gan PoIePRacted &geri zed i npl ement at i on.

Third, the cor r[qspp]r[cii n [anQFer 10v eyl ap2opeat ors performinverse scaling
tothatofthe01yﬂ01—[y 1+xy |

where x = 3/32 and y = 3/16. The scaling on one of the inputsis 1 + xy + x(2 + xy) =

19771/16384 ~ 1.206726, and the scaling on the other inputisy + 1 +xy = 617/512 ~
20  1.205078. The DCLeakageRatio is 19771/16384 — 617/512=27/16384=0.001648. The

difference in the output values (1206726-1205078=1648) is due to DC leakage. The

DClLeakageRatio is (1648/1076). This DC leakage is small, but still significant.

For 8-bit sample images, maximum DC leakage is 127/ScalingGainRatio * (1648/10"6) ~

0.1788/ScalingGainRatio~0.12247. For 16-bit sample images, the maximum DC leakage
25  can be +/- 46/ScalingGainRatio~31.35.

Prior CornerOverlap2x2 operator for full resolution. In prior implementations,
there is no overlap operator for the corners. The ScalingGainRatio is 1.0, and the
DClLeakageRatio is 0.0.

Effect of DC Gain Mismatch for prior full resolution operators. In the prior

30  implementation, in terms of magnitude (if not perceptual significance) the main problem is
DC gain mismatch, and the worst case effect can be quantified theoretically as follows.

For 8-bit sample images, at the edge, the worst case ScalingGainMismatch would be



decoder. Fourth, such scaling down at the encoder has some inplications for
| ossl ess codi ng. For | ossless coding, even a perfectly flat imge needs to
produce AgocowffiesTsents (and t hus necessarily | oses sSomPCTAIsRIRD6120N
efficiency). Fifth, the rounding used in the integerized inplenentation has
a small effect on sone of the analysis ﬁqg experinmental results. In
particul ar, many quantities such as ScalingGai nM smatch and DCLeakageRati o

are only gpPKOsIMBEEEY28/KogaieGaliRatbe- 1044, megmcbaﬁfpnd ia 59@ aoﬂlewﬁrelrsap
operators, DC Ieakagg and DC gain nmismatch are calculated for the

oper at or s.thawerseass o akirgGripdissatehos abeut&hﬂéﬁ h§) DAE2PSarlinplagiRadio ~
appr oxi ”ﬁts@'/sycahﬂgcgﬁﬁﬁu& li!g F&Slé&??&ﬁﬁlgg@%&%%wr chagsed on matrix

coefficients nethod 1S si aster inally, toillustrate
t he ext entScafingd@iheadoegeh anhble a(geganmccsmamanﬂd bd 2&4’%6&&:@410%*@@6 Aratio

and DC | ea re derlve f oreach over er at or consij dering i nput
bl ock &herlba?%% IhhesHEClya gt MO GERs lﬁ%e&%mme apRigEByatcerpy e ﬁ%@?
called Va'Sé%hﬁ%/alﬁ(/hé?ﬁatgﬁ/ﬁ{d@@ﬂéﬁqa@@eratOr for full resolution. For an
exanpl e prior erl ap4x4 operator, "I f given input X1, the output pixels

have the val ue Pri@10%érlap2x246tiresva Ophxator.tHoe aiSeadnplg mom@mﬂaﬂ@iﬂ opdretor,
CNerIap4x4 er at abou 43. The ferenc the out put val ues
y 4&@%&@%3%%49@% byisgas? pRsreser 15@?41&5@ il SRREgeRAt i 0 of t he
pr i Or Q/errEﬁﬂése‘ﬂMoﬁRﬁﬂfétsféﬁhﬂgSRagée]onhl@ op&@tor 3n ki pairsATRIE vhliBo&S bet he | ar gest
range is +/-128/(Scal i ngGai nRatio Thus, maxi num DC | eakage of the 4x4

oper atlr dﬂp18sd§l|tqd i mages is (7/ 10L6) *+ 128/ Scal i ngGai nRatio =

0. 000896/ Scal | E‘ilf_f The xiqtum DC | eakage on 16-bit

i mages is 256 Hga f57 xI ,operator for full

resol ution. ForXanle e p} g%é}% rator, if given input X1,
the output pixels have the val ue 1206726 or 1205078. The Scal i ngGai nRati o

of Overl ap4xl i's about 1.2058. If the input to the inverse Overl ap4xl
oper at or aﬂeﬂekk-Vﬁen@aneﬂﬂaﬁheﬂmhhe0n9n¢D&ﬂme@mQSthhWWohXd?4thé)§Ca||ng

D or - (e el ot pIR B SRR HRRGRER S 55
and y 13 3/11& DARekpeRbii6) B BB2oNe3/BE 113pe0i3pRss is 1 + Xy + x(2 + xy) =
Prior Overlap2x1 Chroma Operator. For an example prior Overlap2x1
operator, if the input to inverse Overlap2x1 operator are all the same value, the matrix
representation of the scaling stage of this operator on a pair of input values can be

represented:

1
20 [alc (1)] [(1) }1]] [315 (1)] - [x(Z-:—);};/) 1 -I?]xy ’

where x = 1/8 and y = 1/4. The scaling on one of the inputs is 1 + xy + x(2 + xy) =
329/256=1.28515625, and the scaling on the other input is y+1+xy = 41/32. The
DCLeakageRatio is 329/256-41/32 = 1/256 = 0.003906.

25 Prior CornerOverlaplx1 Chroma Operator. In prior implementations, there is
no 1x1 overlap operator for the corners. The ScalingGainRatio is 1.0, and the

DClLeakageRatio is 0.0.
3.5 Solutions for Overlap4x1 Operator

Three solutions are presented for the Overlap4x1 operator, where one of the three
30  solutions has multiple variants. Application of the prior Overlap4x1 operator over its

pixels is denoted as Overlap4x1(a,b,c,d).



19771/ 16384 ~ 1.206726, and the scaling on the other input isy + 1 + xy =
617/ 512 ~ 1.205078. The DCLeakageRatio is 19771/16384 - 617/512=

27/ 16384W0Q00a4R75The di fference in the output val ues PCT/US2009/060249
(1206726- 1205078=1648) is due to DC | eakage. The DCLeakageRatio is
(1648/10L6). This DC | eakage is small, ga still significant. For 8-bit
sanpl e i mages, maxi num DC | eakage i s 1% ["Scal i ngGai nRati o (1648/10L6) ~

0. 1788/ Scal i ngGulifai i Gor00vdrdgHak1 Bperaildy: ISidceSRODICE i80S pribhevemaparum DC
| eakage can be +/- 46/ Scal i ngGai nRati o~3 1.35. Prior CornerOverl ap2x2
oper at or faperatefip rqueslyl the prsre 109t of the DG agin efbivedanisAsthe find selutign ggoover | ap
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operators. In the prOwrlapspl(ebrnd)ati on, in terns of nmagnitude (if not
perceptual significa ceé/%gﬁ n@#n problemis DC gain msmatch, and the
wor st Case effect cdWVBBPHEUUAC¥ed theoretically as fol l ows. For 8-bit

sanpl e i t i j | d
Do 1. 46150 Buef el QR Pt e S an R ol OB BRI s, at

t he cor neristroduved bp tist firsagazeSe adnicalchbntik semindistags. Rbpesting thed@dStlg 0)
128/ Scal in LnNRatig ~ 59/ Scalin in i 0~40.46.. Far .16-hjt .sanpl e i mages,
the vor st Lt Tkt M dedPRvicaat o sy PR teags tinererheRb B Fode
22. 4%256 aypchiAAntB286n miskhtdP3. 6 respectively. The total worst case
di fference can be approxi mated as the sum of Scal i ngGi nM smatch and

DCLeaKfge. Pri df thovevedgpdx 2Sahriemeorcperdekes infe Xiathe extnwp bamples kgve the

Over |l ap2x2 r . f i nput t i S erla 2 operator is al
Che sane ool e BHGer orf 43 anPRPot [H M RS QUG ARREREE0r thi o
Ty 3 xS e e e ey g T andy 2475 PG
scaling orfSebibammeimagsetwortscase Sealipietiaindismately for8-bit imsass isge#35 — and

00t eakagert o)1 & 6y JR A8l sty hinmahd 5, FpRosl Dlhase

Oper at16r . danibe d27/8xaimCrinRatior* 1041 0ap2R116561/ScalingGainRatio. For 16-bit sample
images, worst case ScalingGainMismatch is 0.9344*256/ScalingGainRatio ~
239.2064/ScalingGainRatio ~ 163. The worst case DC leakage can be
256*0.16561/ScalingGainRatio ~ 42.39/ScalingGainRatio~28.76. In terms of complexity,

this solution has roughly twice the complexity of the prior Overlap4x1operator.

20 Solution 2 for Overlap4x1 Operator. Solution 2 is similar in spirit to solution 1
— it involves the application of a single operator to the same samples twice. For this
solution though, the scaling of the prior Overlap4x1 operator is altered by adding
additional lifting steps. As before, Overlap4x1Solution2(a,b,c,d) is specified as:

1. Overlap4x1Altered(a,b,c,d);
25 2. Overlap4x1Altered(d,c,b,a).
These modifications use 6 extra lifting steps in the scaling stage, where each lifting step
has one addition and one shift.
The idea behind this solution 2 is to change x and y so that both DC leakage and
DC scaling gain mismatch are minimized. (As used herein, “minimize” means reduce to
30  acceptable operating levels.) The condition for minimizing DC leakage is as follows

1+xy+ xQ2+xy)=y+1+xy.



operator, if the input to inverse Overlap2xl operator are all the sane
value, the matrix representation of the scaling stage of this operator on a
pai r of iwpubiwvebksrés can be represented: f Lx 1 0Ol Hl LecI/us2aloei4®l 1J
=[[x( 1 2 ++xxyy) 1l+y xyl] ' where x = 1/8 and y = 1/4. The scaling
on one of the inputs is 1 + xy + x(2 +2§MZ = 329/ 256=1 . 285 15625, and the
scaling on the other input is y+l +xy ="41/32. The DCLeakageRatio is

- 9 oPng f JQdS y = CIn i. e \ a t10,0f t :
3201 256- 414800 (A0 v 02896 1y B o SRERET @1l ABlislorGHE SB: SPE 2 o

In prior i'mple atrons, therd i's no Ix1 overlap operator e corners.
The Scali r@\%faﬂﬁﬁtﬁll%récﬁoﬂe‘rﬂor %doetciaﬁlpggdeakageRat lois 0.0

y+1+xy=y(1+x)+1=2—x+1=1+—x

1-x 1-x
Let the square root of the DC gain of the Overlap4x4 operator be denoted as &. Therefore,

5  the value of x that minimizes ScalingGainMismatch is given by:

1+x

1-x
Or:

k-1
—_— =
k+1

Once, the value of x that minimizes ScalingGainMismatch using this equation has been

10  determined, the value of y (that minimizes DC leakage) can be determined using the earlier

equation y = (1222) In this case, the ScalingGainRatio of the Overlap4x4 operator
=1.461543. Therefore, the value of & = sqrt(1.461543) =1.208943, and the DC scaling
gain must approximate this value to minimize DC scaling gain mismatch. Therefore, the
value of x must approximate 0.094589554, and the value of y should be chosen according
15 to the carlier equation.
In practice, x can be approximated by a value that can be implemented using
dyadic lifting steps; the value of y can be selected, and then y can be approximated by a
value that can be implemented using dyadic lifting steps. Empirical results show that the
objective of minimizing DC leakage is more important than the objective of minimizing
20  DC scaling gain mismatch. Therefore, the approximation of y for a given value of x should
be much more accurate than the initial approximation of x.
Solution 2a for Overlap4x1 Operator. Choose x = 3/32 and
y=775/4096=3/16+1/512-1/4096. This solution has minimal DC leakage. The DC gain of

this solution is:

1+x

25 — = 1.206897.

Therefore, this solution still has a small amount of ScalingGainMismatch. There are no
additional lifting steps for implementing x as compared to the prior Overlap4x1 operator.
The implementation of y uses two additional lifting steps as compared to the prior

Overlap4x1 operator.



3.5 Solutions for Overlap4xl QOperator Three solutions are presented for the
Over | ap4xl operator, where one of the three solutions has nultiple

vari ant s.wepplo@ag7son of the prior Overl ap4xl operator ®CerUs2ems/opi2del s is
denoted as Overlap4xl(a,b,c,d).Solution 1 for Overlap4xl COperator. Since
the DC gain of the prior Overl ap4xl opsj Al or is roughly the square root of
the DC gain of Overlap4x4, the first sOlution is to apply the prior

Over | ap4x| operSul@tiort W €6t OMPAP4POPeatort ChSUsE a,-09T1004 + 8/33paciddeddas: 1.
Overl ap4xl (a,b,c,d); 2. Overlap4xl(d,c,b,a). By reversing the aorder between
the two appt9/@sf rendf250hEhispelptenhas mmempD( deakage Thal¥oaweedtny t he
first staggjig,gancelled by the second stage. Repeating the ordering would
i nduce t he feaﬁage to accurul ate. Unfortunately, this solution stil

suffers from silghitf i oaob7PC gain mismatch. If this Overlap4xl Solution 1
operat or takes Tfiput X1, the output sanples have the val ue 1454061 or

1453548 OrThAGsR5HhiPdolutftrddfithas 1R BeAlouROSEE ARG AnMSsnRREH, Bxt SRAIRY Yhan
1.4542. The DClLeakageRatio is (1454852-1453548)/10 L6 = 1304/ 10L6. For

8- bi t sanpiodutionedjeier thﬁ/;f?@tlaﬁ‘b&le@s&aé(l)ﬁ- e thaktherpis one pdditigna liftingnsieetori s
1. 4615 - .1 4542)* 1 ' i 0 .= 0.9344 ' ' i 0~Q. 64.
Vor ot casd BT ERgS B sy S el K el S S F o QRTR AR S

0. 16561/ Saatd ovgGaiditidati liftingefep ko chinpars@epihe prioROesslapaRl dperafs Since the
Scal i ngGai nM smatch s 0.9344*256/ Scal i ngGai nRatio ~ o
239. 2064/ Seainenvirssicahafarg ta gppliciwisorad v todisepplicd angeatieracain Jsstro g

1656180l ARGRINARL 1m0 BERNEN NRKgF-28. 76, In terms of

conplexity, this solution has rou e conplexity of the prior
Over | ap4x| operSulwtion ZofortOvarlap4kdOpeyatok apibdse CpErat 162, 3/3pHut/i@ld 2 i s

ey ‘ it ot ; S oAt P i al
oper at or 16 PRevihins 00arbes pai kS s R0RH: rady GefaR Rotision Phe scal i ng
of the prior Ouerl_a é@bgggerator is altered by adding additional lifting
steps. As bef orex CE' apaxl Sol ution2(a,b,c,d) is specified as: 1.

Crr o 20 Bt UL BB AR B, SR
i fting stexpa lifting steps in implementing x. There are two extra lifting steps in iml;lementing V.
Since the scaling stage calls for x to applied twice, and y to be applied once, there are 6
extra lifting steps in the new solution.
The modifications to Overlap4x1 have the advantage of further reducing both DC
gain mismatch and DC leakage. By retaining the spirit of Solution 1, all of its benefits are
20  likewise retained. If this operator takes input X;, the output pixels all have the value
1461631. The ScalingGainRatio is approximately 1.4616. The DCLeakageRatio is
approximately 0 (much smaller than 27°).
For 8-bit sample images, worst case ScalingGainMismatch is (1.461543 —
1.461631)*128/ScalingGainRatio = 0.000088/ScalingGainRatio. Worst case DCLeakage
25 is 0. For 16-bit sample images, worst case ScalingGainMismatch is 0.000088 *
256/ScalingGainRatio=0.022528/ScalingGainRatio. Worst case DC Leakage is 0.
In terms of complexity of solution 2¢ for the Overlap4x1 operator, the six
additional lifting steps in Overlap4x1Altered make its complexity 1.5 times larger than
Overlap4x1. Thus, the overall solution Overlap4x1Solution2 has roughly 3 times the
30  complexity of the prior Overlap4x1 operator.

Solution 3 for Overlap4x1 Operator. For this solution, the scaling stage of the

prior Overlap4x1 operator is replaced by the scaling stage of the prior Overlap4x4 operator



has one addition and one shift. The idea behind this solution 2 is to
change x and y so that both DC | eakage and DC scaling gain msmatch are

m ni M zedwo(2Aw/04389d herein, "m nim ze" means reduce to &CTASR@I0e02ePer at i ng
| evel s.) The condition for mnimzing DC | eakage is as follows 1 + xy + x(2
+ Xy) =y + 1+ xy.Solving for y yiel O@SM( (J . Inthis case, the

Scal i ngGai nRati o of one stage of the erl'ap4xl Altered operator can be
conmput ed: 3 forhr a Mew operitof D verl¥idx 18oktipn3:. This solutiod isz single-s®p sbinciosgadr e

root of the DC gain of the Overl ap4x4 operator be denoted as k . Therefore
t he vaI ue this docp Rat havie 4 fﬁp@@tsanseapﬁaF@Gaﬁﬁw sindtleqqtipas gisyieihgyhe Pleain - 1. x

= K @Iﬂc Ieak = df Ovegaﬁ&IStonﬁlo%@lafee gioyﬁm Eftdth?]g athlc néztgtﬁt %f the

Scal i ngGal nM Shat CI usi n i's equati on B he val ue of y
(t hat m nlmezkap4mpeeahﬁgb)we®an1 tltwee atetsell Bome dmakl idifferéves dag loi the rexqdaigi on

i his case, the Scali Ratl o of the Overl ap4x4 operator 1.46
1543 fherf‘ééesﬁsé’fﬂiwe{/ﬁélloi}%m&s@eg%ﬁ Iig%gei543) 1.208943, and the DC

scaling gain mﬁh@e%@%ﬂ $&uﬁ(msso ?At&etaﬁég tﬂé {(?I:pm %€ X oRR@ éjlfkgs BAlche

m smat ch. Therefore ue of rrust ap mat € 0. 094589554, and the
val ue of yasloldiod>Be 140UBIEN1HAEE0 dndiG1636 h%hee%rallng@ale&alm 1scamprolxrmqﬂﬁlazct| ce,

X can be t a vaI e. th be i ppl nt ed using dyadic
lifting st %i(ﬂ%ﬁ%a ﬁéﬁﬁéLS?kaﬁe o IBZ @Sg%t_gé%@r?w é}n y can be

approxi mat ed byrq gvsit %ﬁl@%a%@ﬂw&@t da&pS@dIﬁf@G@ﬁM%%h@y%Cg@ﬂS fting steps.
Enpirical results show that t e objective of mnimzin | eakage is nore

i mpor t1ant  k-h¥r S¢ho™ bl Beling@aioRatid nf) A4S PEngGainRalp- g‘é’iomst RsSmat ch.
mor e accur 3 EARRRETE TR 4P i Bl Raeh s b S By, 5 ™"
Over | ap4x QJerfairQ6~bltC§‘zlﬁ@>$@1m@ge§/v§3&st&la§b ScalingGainMismatch is
0.000064*256=0.016384/ScalingGainRatio. Worst case DC Leakage is
0.002176*256=0.557056/ScalingGainRatio <1/2.
15 For example, in one prior implementation, overlap post filtering for edge 4x1

blocks of samples used the operations shown in the following table.

OverlapPostFilter4(a,b,c,d) {
at=d,
b+=c;
d—=(at>>1),
c=(b+1)>>1)
InvRotate(c, d);
d+=((a+ 1)>>1),
ct=((b+1)>>1),
a—=d—((d*3+16)>>5),
b—=c—((c*3+16)>>5),
d+=((a * 3 + 8)>>4),
c+=((b * 3+ 8)>>4),
a+=((d*3+16)>>5),
b+=((c *3+16)>>5),

Following solution 3 for an overlap 4x1 edge operator, changes to scaling are made

as shown in the following table.
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InVRotate(c, d);

d+=(@+D>>1y

cr=((br ) >>1):

a—=d,

b—=c;

where InvScale () and InvRotate() are defined as follows.

InvScale(a,b) {
at+=Db;
b=(a>1)—-b;
at= (b*3+0)>>3;
bt= ((a*3+0)>>4,
bt=(@>7)
b —= (a>>10);

InvRotate(a,b) {
a—= (b 1) >1);
b+=(a+ 1) >>1);

}

Replacing the old scaling stage of the Overlap4x1 operator with the new scaling

stage increases the complexity by two extra scaling steps. This roughly increases the

complexity to 1.2x the complexity of the prior Overlap4x1 operator for the edges.

3.6 Solutions for CornerOverlap2x2 Operator

Two possible solutions are presented for the CornerOverlap2x2 operator.



gain m smatch and DC | eakage. By retaining the spirit of Solution 1, all of
its benefits are likewise retained. If this operator takes input X1, the
out put piwel2s10l4s7have t he val ue 1461631. The Scal i ngGaiPoRAIS2@9i060249
approximately 1.4616. The DCLeakageRatio is approximately O (rmuch snaller
than 2 16) . For 8-bit sanpl e inmages, 3t case Scal i ngGai nM smatch is
(1.461543 - 1.461 63 1)*128/ Scal i ngGai nRati o = 0.000088/ Scal i ngGai nRat i o.

Worst case DCLespia@éh 1 $or0ComRiOL6ridpIx2s@p@iator. Md@fon MRS HelsEnew
Scal i ngGai nM smatch i s 0.000088

256/ Scal i fjcalapRek ereEgonLosthg camars AGENS REcPEer Paektvidhde apirceislee is 0.
I t . i i . .t . | . i
ot o7 HixARrBhEkLan Al SR 0BG (NS UG HANIK o MBI g <1
ti mes | ar ggimihdta®Quen hdgdatth adhDE’, lcikdage onddaiohaldglifthe orientation of these

Overl ap4x!l Sol uti on2 has roughly 3 tjmes the conplexjty of the prjor
over | a64?<|Opsmraﬂ%\wm%ﬁa[,ﬁh%ﬁ%g?sowd@/@rlﬁsaﬁ%a 3”%5@9_5(@8#5., tsrinis PGB ut i on,
the scall nfeakaRnOSihE1PIE AE oKREEAPIhe QRBLALAS id RriE@R!AGLHI DS

scaling stage of the prior Overlap4x4 operatorto form a new operato
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differences due to the rounding effects of the operations outside the

scal i 1§ stQupelapfx] epsirafoGiplicd prithie Sdgesttd dreacoppes pataby intagreter sch oidepudinkd, t he
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exanple, in on i

prior._inplenmentatign, overlap post filtering for edge 4x1
bl ocks of sanpl 188 PEHAC THRCBERAGE? HR ORI 20R EPPRI uniged Sinehe
same pixel ordering for every corner. This has the advantage of allowing for uniform
implementation across all corners. The disadvantage of this implementation is that

rotations may introduce some small error. With Overlap4x1 Solution3, the error will be

20  only in rounding. Alternatively, a rotated ordering could be used at each corner.
3.7 Solutions for Overlap2x2 Operator for Chroma

The main problem with the Overlap2x2 operator in prior implementations is DC
leakage. In this section, a redesign of the scaling stage of this operator is presented so that
the DC leakage is reduced. In the following section, the Overlap2x1 and

25  CornerOverlap2x1 operators are redesigned to gain-match this new Overlap2x2 operator.

DC Leakage of this new Overlap2x2 operator at the decoder can be estimated by
setting all the inputs to this operator to the same value. If the input to the inverse
Overlap2x2 operator are all the same value, the effect of this operator on a pair of input
values can be represented as:

1
30 [alc (1)] [(1) }1]] [315 (1)] - [x(Z-:—);};/) 1 -I?]xy '

For no DC leakage, the condition is that:
1+xy+y=x(2+xy)+ 1+ xy, where solving for y yields:
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sol ution hﬁﬁn%?tg advant age that the corner operator would have the exact
sanme DC galn slrzrﬁtch and DC | eakage properties as the edge operator This
sol utitén i s denwhddthegen@ol sodutidnerah ap@xiR(tay bnd y d) astoQuergh@dIdX lleakage,

| i edSol ution(Top Left, Top Ri ght, Bottom Left, Bofto ight) |In.a
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i npl enentations is | eakage. In this section, a redesign of the scaling
stage of thive sopldargomplaxdty gp eeapared toswlytias that varied x while retaining the existing
value of y.

Solution 1 Overlap2x2 Operator for Chroma. The value of y that eliminates DC
leakage is y =2 * (1/4)/(1 — 1/16) = 8/15. DC leakage in this solution is zero. However,

20  y=8/15 cannot be implemented using dyadic lifting steps. Hence this solution has higher
complexity since it needs a divide operation.

Solution 2a Overlap2x2 Operator for Chroma. Set the value to y=17/32, and
this solution can be implemented (without multipliers) using dyadic lifting steps as ¥ +
1/32. This value has DC leakage of 1/512.

25 Solution 2b Overlap2x2 Operator for Chroma. Set the value of y to 273/512.
This solution can be implemented (without multipliers) using dyadic lifting steps as
¥+1/32+1/512. The value of DC leakage is 1/8192.

Solution 2¢ Overlap2x2 Operator for Chroma. Set the value of y to 4369/8192.
This solution can be implemented (without multipliers) using dyadic lifting steps as 5 +
30  1/32+1/512+1/8192. The value of DC leakage is 1/131072, i.e., 1/(2"17).
Note that .



the DC | eakage is reduced. In the follow ng section, the Overl ap2xl and
Cornerqg verl ap2xl operators are redesigned to gain-match this new
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}

Following solution 2¢ for an overlap 2x2 operator for chroma, dyadic lifting
operations with factors of 1/32, 1/512 and 1/8192 are added, as shown in the following
table. Left shifts (>>) by 5, 9 and 13 bits correspond to division by 32, 512 and 8192,
10  respectively.

OverlapPostFilter2x2(a,b,c,d) {
at+=d,
b+=c;
d—=((a+1)>>1),
c=(bt1>1)
b += ((a + 2)>>2);
at=(b+1)>>1),
at=(b>>>5),
at=(b>>9);
a+=(b>>13),
b +=((a+2)>>2),
d+=((a+ 1)>> 1),
ct=((b+1)>>1),
a—=d;
b—c;




this solution can be inplenented (without nmultipliers) using dyadic lifting
steps as V + 1/32. This value has DC | eakage of 1/512. Sol ution 2b

Over | ap2x@0Qpwvaesys for Chroma. Set the value ofy to 273CPH/UB2009/Dbi2g9
solution can be inplemented (wthout multipliers) using dyadic lifting
steps as 1/ 2+l /32+l/512. The val ue of |, eakage is 1/8192. Sol ution 2c

Overl ap2x2 Operator for Chroma. Set th \AI%J ue ofy to 4369/8192. This

sol ution can be i nplxgeSvltbrsWoi Ddilapnlt Opbiagss) usi ng dyadl c lifting
steps as V + 1/32+1/512+1/8192. The val ue of DC | eakage is 1/131072, i.e.,
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to 1/(2L17). Thus, DC | eakage is reduced to bel ow bit precision. The
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chromma, dyadlc lifting erations with factors of 1/32, 1/512 and 1/8192
are added, firaissolHiowrs twpmﬁethﬁ@rlpb%veréapt%bpeera@éwwg hOveda2xy Sefytign L (gbhkd 13
bits correg gaﬁg 1o division by 32, 512 and 8192, respectively.3.8 Solutions
for Q/erlag (b)erator Simlar to the solutions for the Overl ap4xl
operator, 3 solutior@vanke2predbgnted for the Overl ap2xl operator, where one
of the solutions has I’I’U{g’[l pl e variants. Solution 1 for Overlap2xl Operator.
Since the DC gdl-n ofOYHEPHHi(BRA) Overl ap2xl operator is roughly the square
root qf the RC.A hgsrdtehset%é@fhe%r}r;@a%ﬁansomﬁ%g raigh e DUTISHO! Ut on 15
to apply the prlo Overl ap2x| operator tw ce. Overlap2Xl Solutionl(a,b) is
speci fi ed iagodu@ed By érd fapLstdgeds baqcekled Qe Ise@ddis(dge aRep@ying eh/aeorslemgg t he

der bet the t |i cat f t
o oduced g s 1R Rt £ aRRT 1rHEuOBItT B el S SR Bmnar i ng
t he Orde“s@nﬂ\&%ﬁ't thd R aRsrhdien. 18 RGBS EOm @gfﬂﬁwﬂu@%@iunwwﬁougﬁy%&e thi s

solution still suffers fromsignificant gain msmatch. In ternms of
conpl exi t yomphéxstydithet promy OueslapBugirieyatemi ce t he
15 Solution 2 for Overlap2x1 Operator. Solution 2 is similar in spirit to solution 1

for the Overlap2x1 operator — it involves the application of a single operator to the same
samples twice. For this solution though, the scaling of the prior Overlap2x1 operator is
altered by adding additional lifting steps. As before, Overlap2x1Solution2(a,b) is
specified as:

20 3. Overlap2x1Altered(a,b);

4. Overlap2x1Altered(b,a).

The idea behind this solution 2 for the Overlap2x1 operator is to change x and y so that
both DC leakage and DC scaling gain mismatch are minimized. The condition for
minimizing DC leakage is as follows

25 1+xy+ xQ2+xy)=y+1+xy.

2x

— ) In this case, the ScalingGainRatio of one stage of the

Solving for y yields y = (

Overlap2x1Altered operator can be computed:

y+1l+xy= y(1+x)+1——+1—1+x

1-x

Let the square root of the gain of the Overlap2x2 operator be denoted as &. Therefore, the

30  value of x that minimizes DC Scaling Gain mismatch is given by

1+x

1-x

Or:



conplexity of the prior Overlap2xl operator. Solution 2 for Overl ap2xl
Qperator. Solution 2 is simlar in spirit to solution 1 for the Overl ap2xl
oper at or woi2b10/i@egIsves the application of a single oper@atCorst@Inbeisane
sanples twice. For this solution though, the scaling of the prior

Overl ap2x|l operator is altered by addi 29/4gdd| tional lifting steps. As
before, Overl ap2xl SoI ut ilon2(a,b) is specified as: 3.
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+ 1 = - + cfuationy :/ %ﬁ | Iixthis case; the$caliheGaigRatie of hotOvsflapdrd cgnarahorof t he
Overl ap2x2 operat or denoted as k . Therefore, the value of x that

m ni m f)es EDC6®,(85I64% t@rﬁfom ﬁrﬁa\ta@w ofek isqal 4Hp656494) =4 290990508, @d:the- 1 f c+1
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Scal i ngGai nRatlo of the Overl ap4x4 operator = 1.666656494. Therefore, the

val ue of =hegniacrordgpgedisyaulicr EqPEEFY0509, and the DC scal i ng gai n nust
approxi mate thig yalue ' Q,H0bMogfndta 5F VLY HR: BM 5B fillnented using

10 dyadic lifting steps; the value of y can be selected, and then y can be approximated by a
value that can be implemented using dyadic lifting steps. For this operator, empirical
results show that the objective of minimizing DC leakage is more important than the
objective of minimizing DC ScalingGainMismatch. Therefore, the approximation of y for
a given value of x should be much more accurate than the initial approximation of x.

15 Solution 2a for Overlap2x1 Operator. Choose x = 1/8 and y=
65/256=1/4+1/256. This solution has minimal DC leakage. The DC scaling gain of this

solution is:

1*" — 1.285714286.

Therefore, this solution still has a small amount of DC ScalingGainMismatch. There are
20  no additional lifting steps for implementing x as compared to the prior Overlap2x1
operator. The implementation of y uses one additional lifting step as compared to the prior
Overlap2x1 operator.
Solution 2b for Overlap2x1 Operator. Choose x = 65/512=1/8+1/512 and y =
33/128=1/4+1/128. This solution has minimal DC leakage. The DC scaling gain of this

25  solution is:

1*" —1.29082774.

Therefore, this solution still has a small amount of ScalingGainMismatch, but smaller than
Solution 2a for the Overlap2x1 operator. There is one additional lifting step for
implementing x as compared to the prior Overlap2x1 operator. The implementation of y

30  calls for one additional lifting step as compared to the prior Overlap2x1 operator. Since the
scaling stage calls for x to applied twice, and y to be applied once, there are 3 extra lifting

steps in the new solution 2b for the Overlap2x1 operator.



Therefore, the value of x nust approximate 0.127015153 and the value of y
shoul d be chosen according to the earlier equation. In practice, x can be
appr oxi nreweadotwo42873al ue that can be inpl enented usi ng dyadius2000fo602ng st eps;
the value of y can be selected, and then y can be approxi mated by a val ue
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Solution 2a for the Overlap2xl operator. There is one additional lifting

step for ﬂh%P@ﬁﬁﬁ¥¢h@fWﬁ£§O%QﬁﬁﬁﬁgalPH“@W& prior Overlap2xl operator. The
or or Ber | a2V AP 10 O ARl LR B R R PRIl P
tw ce, andrior QvellepZg pipleﬂutbrommlacbdhby dleasrceh@ Sﬂeageraf thd pliarm@verlap2x2 operator

to form a new operator Overlap2x1Solution3. This solution is a single-step solution, and

thus does not have to repeat any operators. These modifications ensure that the DC gain

and DC leakage of Overlap2x1Solution3 are approximately the same as that of the

15  Overlap2x2 operator. However, there are still some small differences due to the rounding
effects of the operations outside the scaling stage.

For example, in one prior implementation, overlap post filtering for edge 2x1

blocks of chroma samples used the operations shown in the following table.

OverlapPostFilter2(a,b) {
b+=((a+4)>>3),
a+=((b+2)>>2),
b= ((a+4)>>3);

}

20 Following solution 3 for an overlap 2x1 operator for chroma, dyadic lifting
operations with factors of 1/32, 1/512 and 1/8192 are added, as shown in the following
table. Left shifts (>>) by 5, 9 and 13 bits correspond to division by 32, 512 and 8192,

respectively.



steps in the new solution 2b for the Overl ap2xl operator. Solution 2c for
Over | ap2xl Operator. Choose x=2081/16384 and j=33/128. The DC scaling gain
of this swbubioga287s =1.290987905. Therefore, this sol utiPpom/usa@oacizini nmal
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edges. 3. 9s SeigntficantsprbblemCdiemeralpassibapdotibtioDs ercatoseribiidébeleov.ner Over | apl x|

operaior presen s Barieuhor deshon el Longe, SpeolL SpEr L sl o1
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Strictly speaking, the CornerOverl apl xI operator is not an operator in the
sane outside the single sample. On the other hand, many of the example 1x1 operator solutions
below involve prediction between the single sample and a predictor that is determined
from at least one sample outside the 1x1 area. For the sake of simplicity, these corner
operators are termed corner overlap 1x1 operators.
15 DC scaling is another way that many of the example 1x1 operator solutions
presented below differ from other overlap operators. For the preceding 4x4, 4x1, 2x2 and
2x1 operators, scaling directly results from the overlap operations. The sample prediction
operations described below for some example CornerOverlaplx1 operators do not cause
scaling in the same way. Although this could potentially lead away from the goal of
20  having the same DC gain for all operators in a set, in practice similar scaling results most
of the time for such 1x1 corner operators, as explained below.
Solution 1 for CornerOverlaplx1 Operator. Similar to solution 1 for the
CornerOverlap2x2 operator, one solution is to design a new Overlap3x1 operator. This
solution has similar disadvantages. This solution suffers from both a minimum image size
25  requirement (3 macroblocks along the direction of the operator) in addition to the

likelihood of additional DC gain mismatch and DC leakage issues.
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design a ap3>I<l operator. "This solution has simlar disadvantages.
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macr obl ocks .al ong the direction of the operator) in addition to the
likeli hoodN?ﬁ additional DC gain m smatch and DC | eakage i ssues. Sol ution 2

for CornerOverl apl x| erator. For this solution, the fact that the corner
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coefficients, t erator wo er the nmean of each of the origina

i mage bl ocks. This.,..prior to the 1x1 corner overlap operator, the val ues of
t he corner sanggﬁ and its adjacent sanples have a high probability of being
simlar. 1fDC n'msmatch is elimnated, then the corner sanple val ue
woul d be very simlar to its adjacent sanples after the overlap
transformation as well. Therefore, this solution uses a schene based on

pr edi ct i onl'twftop kbt somhels latmlqel Asthe Gonple dee ta the rigbpofi it labded By angkthan
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assuming in-place calculations are used.
1. Before second stage overlap operators are applied:
a. value(A) = value(A) — (value(B) + value(C) + 1) >> 1.
2. After second stage overlap operators are applied:
20 a. value(A) = value(A) + (value(B) + value(C) + 1) >> 1.
Since the residual value of A after step 1 is likely to be small, this operation is roughly
equivalent to applying the same gain to the corner sample. (Whereas B and C may have
significant values, the difference value A is typically zero or close to zero. After step 1,
scaling is applied to the adjacent B and C samples (e.g., through application of edge
25  overlap operators). When the scaled B and C values are added back to the difference value
A in step 2, the resulting value A has, in most cases, effectively been scaled to the same
extent as the B and C values.) Application of this solution to the other three corners is
straightforward.
Solution 2 for the CornerOverlaplx1 operator has the advantage of being
30 symmetric with respect to rotations. One disadvantage is that this solution requires the
image have at least a 2 macroblock width and a 2 macroblock height (only for 4:2:0, not

4:2:2) or else the prediction scheme becomes impractical.



sanpl e one below Ais |labeled C. The prediction schene is inplenented as
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15 long as these two conditions are rnet,- any reordering is acceptable. Solution 3 for the
CornerOverlap1x1 operator allows decoupling from timing issues in various
implementations. Unfortunately, this solution may have some issues with rounding not
present in Solution 2. Otherwise, this solution shares the same properties as Solution 2 for
the CornerOverlap1x1 operator.
20 Solution 4 for CornerOverlaplx1 Operator. In this solution, solution 3 is
modified to operate over only the horizontal direction, as follows:
1. Before second stage overlap operators are applied to B:
a. value(A) = value(A) — value(B).
2. After second stage overlap operators are applied to B:
25 a. value(A) = value(A) + value(B).

The advantage of this solution is that it involves fewer memory accesses. Since it
interacts with half as many samples as solutions 2 and 3 for the CornerOverlap1x1
operator, the complexity is lower. The disadvantage of this solution is that it lacks
symmetry and thus has issues with rotations. This concern is mitigated when considering

30 that the downsampling introduces greater loss than the asymmetry does. As with the other
solutions for the CornerOverlap1x1 operator, in solution 4 the image (or hard tile) has a
width of at least 2 macroblocks. One advantage though is that all downsampled chroma

operations are similar. Similar to solution 2 (and solutions 3, 5, 6 and 7), the adjacent



a . value(A) = value(A) + value(C) " 1. The ordering of steps is only
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Cor ner Over |l apl xI operator allows decoupling fromtimng issues in various
i npl enentations. Unfortunately, this sgé hl on may have sone issues with
roundi ng not present in Solution 2. Ohéerw se, this solution shares the

same propeaaipRsusad teS@mibut® thedliff@endder Eak BLFwdrth Apved vapeimil@ivaluded Ut i on 4
for CornerOverl apl x| %‘eator In this solution, solution 3 is nodified to
operate ovieraiinyl, theeadisentampia is apaledas Rt ofpdge ey elperocessipsfagd dhaec ond

stage Overa!éiﬁ&'ia\?%gtgtt&rcﬁffgfeﬁ%éig%f fd ¢ fn%ep rpa% VUi fFer ?5 (ﬁ Efgxgected

val ue(B) secon over ors are ap

val ue( A) =to\balzene(o%)close Vcai:are(tBa coﬁhlevammbna@taagbtoabuglﬁy ﬂlessahmtdxcunt asththat it
i nvol ves fewer y accesses. Since it interacts with half as many
sanpl e® asad%FlEftsF‘Blﬁ ‘2 and 3 for the CornerOverlapl xlI operator, the

conpl exity is |@fion 36t ébﬁé@mﬁﬁléﬂf‘xl‘lﬁgéﬂk& RIS LAidS sbii@bn Blis | acks

symmetry and thus has issues with rotati Thi's concern is mitigated when
consi derii rrgodlﬁadltotmraic)mmtyﬂmgelnmalrcbthas agfdltver | oss than the
asymretry do the oth sol LJ['[I ons f Cor ner Over | apl xI

o 1oT3 pdBrebkbopd et SBr sl tined \hs o Wtk of ot | east 2

macr obl ocks. 01e adaniceqp R,Qggg&yi%lﬁﬁggg al | downsanpl ed chroma operations
are simlar. Simlar to solution 2 (and solutions 3, 5, 6 and 7), the

adj acéfit sanpPe @&@de@@dMQ@WéﬂamemwlfS@rfemeﬁmCA is expected to have a

very simlar val ue L ft e e adj acent sanple is scal ed as
part of edge over?ap p ﬁs ngEA)PHa%P?{bE added back to the difference A

for the corner Tht &iveRags ofShis@sluhbﬁ igthhfiemeoiRes Aves n&-mﬁytaecsésée@ Bfczer o or
close to zero, the corner value is scaled to roughly sane extent as the
adj acent daigpIcts Witlhhalf pomany saseplepsielutioas 2 apt >’<|f0rc§b@ ﬁam?rOVqr}aptl Rl s
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to C 18 . ivhkke{yA)ymetryvaldub(sas-issuad wah @tations. This concern is mitigated when
considering that the downsampling introduces greater loss than the asymmetry does. As
with the other solutions for the CornerOverlap1x1 operator, in solution 5 4:2:0 images
have a height of at least 2 macroblocks. No other size requirements arise from this
solution. Thus 4:2:0 and 4:2:2 operations are not parallel, another disadvantage of this
20  solution.
Solution 6 for CornerOverlaplx1 Operator. This solution for the
CornerOverlap1x1 operator is a combination of solutions 4 and 5. Specifically, a syntax
element is added to the bitstream to specify whether prediction is horizontal or vertical for
the CornerOverlap1x1 operator. This solution has the advantage that rotations are simply
25  supported. The addition of a syntax element is a disadvantage of this solution.
Solution 7 for CornerOverlap1x1 Operator. This final solution is similar to
solution 4, except that instead of the value of B being used as a predictor for A the value of
D is used as the predictor. A benefit of using D as a predictor is rotational symmetry.
However, a disadvantage of using D is that it may be a worse match than B or C.

30
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conput i ng (880)ik mmmti wWigR0) dhdheiMih€ hTHepOEERRG @m@m)r&%ﬁesr@mﬁ@eer-

' mpl ement ee?&ec&arl]bele ?n%trlrrﬁctgolnrs] %n(? ?n\éllyrbce) rellr;ga?ltor a virtual processor. In a multi-processing
system, multiple processing units execute computer-executable instructions to increase
processing power. The memory (820) may be volatile memory (e.g., registers, cache,

20 RAM), non-volatile memory (e.g., ROM, EEPROM, flash memory, etc.), or some
combination of the two. The memory (820) stores software (880) implementing the
described encoder/decoder with multiple tile boundary options for overlap processing
and/or overlap operators with reduced DC gain mismatch.

A computing environment may have additional features. For example, the

25  computing environment (800) includes storage (840), one or more input devices (850), one
or more output devices (860), and one or more communication connections (870). An
interconnection mechanism (not shown) such as a bus, controller, or network interconnects
the components of the computing environment (800). Typically, operating system
software (not shown) provides an operating environment for other software executing in

30  the computing environment (800), and coordinates activities of the components of the
computing environment (800).

The storage (840) may be removable or non-removable, and includes magnetic

disks, magnetic tapes or cassettes, CD-ROMs, CD-RWs, DVDs, or any other medium



(800) is not intended to suggest any limtation as to scope of use or
functionality of the invention, as the present invention may be inpl enented
i n di ver swogenarad7spur pose or speci al - pur pose conput i ngpPemiseamments. Wth
reference to Figure 8, the conputing environnment (800) includes at |east
one processing unit (810) and nenory ug%h4(820). In Figure 8, this nost
basic configuration (830) is included thin a dashed |ine. The processing
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envi ronmentod #0404 dath fen@UH SodliRgd RARWig B W L£8&5) HBREY o nie B its
characteristics set or changed in such a manner as to encode information in the signal. By
way of example, and not limitation, communication media include wired or wireless
20  techniques implemented with an electrical, optical, RF, infrared, acoustic, or other carrier.
The digital media processing techniques herein can be described in the general
context of computer-readable media. Computer-readable media are any available tangible
media that can be accessed within a computing environment. By way of example, and not
limitation, with the computing environment (800), computer-readable media include
25 memory (820) and storage (840), and combinations of the two. Computer-readable media
is tangible media. Computer-readable media does not include a modulated data signal.
The digital media processing techniques herein can be described in the general
context of computer-executable instructions, such as those included in program modules,
being executed in a computing environment on a target real or virtual processor.
30  Generally, program modules include routines, programs, libraries, objects, classes,
components, data structures, etc., that perform particular tasks or implement particular
abstract data types. The functionality of the program modules may be combined or split

between program modules as desired in various embodiments. Computer-executable



sound card or simlar device that accepts audio input in analog or digital
form or a CDROM reader that provides audio sanples to the conputing
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may be applied, we claim as our invention all such embodiments as may come within the

scope and spirit of the following claims and equivalents thereto.
20



environment. These terns are high-level abstractions for operations
performed by a conputer, and should not be confused with acts perforned by
a human bEOrglo/0ibgsact ual comput er operati ons correspon@Cmgst@nbese ter s

vary dependi ng on inplenmentation. Having described and illustrated the
princi ples of our innovations in the dg@ahled description and acconpanyi ng
drawings, it will be recognized that the 'various enbodi nents can be

nodi fied in arrangenment and detail wi¢hammsdeparting from such principles.
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enmbodi nents sho in saftware .be inplenented in.hardware and vice
versa. 2l n vi ew‘?ﬁ%'ihﬁéh Weﬂﬁs‘gg%qlgg Q?Pﬁng?iipﬁgﬂ%ng Snmeﬁq\??qqéelﬁﬁ’i nci pl es of

our i nventi QBRI RE30P:] @i%ital"iﬁ &-alyp as our invention all such
enbodi nents as may c%rre wthin t%e ‘'scope and spirit of the follow ng clains

and equi val ent svitthéeeligtaCnaiiiBletodidg detibm dpplyinger florhiyngf cevarlamegaratersdver | ap
transform (260) .. .used to.decode, digital. ia using.a digital nedia..

decodi ng. dEONEET {10y ers FEnRRTSH CuTHHPE: DA HOL RT4P g eaiom el dine
decodi ng dgYdaSen fiRE6FRRPIoPEraff ahiY 8EAd lok SUMESYatdt, JMSHDT MBI QdvEARP) ON
digital nedia; and with the digital nedia decoding device, applying a

pl ur all0t y apkraperds paprtapeoacdansoncsater sud wheigin thhecdond everdanf ansepiemie yn cdge

transformation, the, pluralit f ~averl ap. operators including.,at ] east a
o O erirsBfior bDSB B Al B TR RSB Sndr NSt i Bl R

overl ap opsrsabahntslyaquivaleat DOrga@v@sbhpp operator, and wherein the second
overlap operator is an edge or corner overlap operator, each of the
plurality of overlap operators being characterized by substantially

equi val ent DC gain (flé%?thgd PRRS [T = M TeTo N o) 8 ?:ﬂlﬁelgmth% aﬁ/ﬁ@;ﬁ 2,” as part of the

applying: the first overlap operator I's app or 4x4 region
of sarpl es (3 1By fiok oaerlapropgentarislaglictlitd en irttéréorsied odowysahmbesaped)atfan i s
an edge overl ap oper ator applied to an edge 4x1
image and/or tile;
the second overlap operator is an edge overlap operator applied to an edge 4x1
region of samples (330) of the image and/or tile; and
a third overlap operator of the plurality of overlap operators is applied to a corner

20  2x2 region of samples (320) of the image and/or tile.

3. The method of claim 2 wherein the first overlap operator includes a scaling
stage, and wherein the second overlap operator uses the scaling stage of the first overlap
operator.

25

4. The method of claim 2 wherein the inverse overlap transform is a
hierarchical inverse transform having multiple stages, and wherein the first, second, and
third overlap operators are applied to samples of at least one channel in a first stage of the
multiple stages.

30
5. The method of claim 2 wherein the inverse overlap transform is a

hierarchical inverse transform having multiple stages, and wherein the first, second, and



regi on of sanples (330) of the image and/or tile; and a third overl ap
operator of the plurality of overlap operators is applied to a corner 2x2
regi on ofweanim@gs7§320) of the image and/or tile. 3. Thecwashed/oef24¢!| ai m 2
wherein the first overlap operator includes a scaling stage, and wherein
the second overl ap operator uses the sgﬂhhng stage of the first overlap
operator. 4. The nethod of claim2 wherein the inverse overlap transformis
a hierar chhﬁ@bvérmgafpaﬁtdrs @ﬂﬁfp?ﬁéﬂ foainples B khdhind flsra BYES esodbnvdhen il finthe
first, second, and third overlap operators are applied to sanples of at

| east one sepRnSridageiof the mpltiple $a%88e of the nultiple stages. 5. The nethod of
claim2 wherein the inverse overlap transformis a hierarchical inverse
transform having nultiple stages, and wherein the first, second, andthird
overl|l ap operat ar.s argcapgho@adf ¢leins2nphesinoiic Bacbvafap pbetatdr iddihdesifiegol ut i on
channels in a second.stag?,of t he FUlIiﬁle st&ges 6. The method of claim
2, whePei Pelig Vith 8 gIsY rdling skiser WhGFID the raR qulagtopg@éﬂrﬂgfgu@astSﬁC%dgi ven
scal i ng st i : Ledingl .second scal i ng
W Eh {he G e e e St age 1 o 7
The nethod of claim2 wherein thetthjrd overlap opefator applied to the
corner 2x2 region of sanples |is appl+ed)uy ng the spcond overlap operator
after reordering the top-Ieftf LOP=Th 94 gpotgom e t, and bottomri ght
sanpl es of the corner 2x2 redgi ot _F_Ji (fad*'ﬁiﬁb >%b‘i'd“ it ermedi ate 4x1 region
of sanples . 8. The nethod offelarmI—wherern—the—+phverse overlap transform
is a hierarchical inverse tr"ncﬂ%*?{%%ﬁﬂkg mul tiplel stages, wherein, as
part of the applying: the fir VE 19); islapplied to an interior
2x2 region of sanples (410; 510) of an inmage and/or tile; the second

overl ap oper at is.gn edge, overl a perator, applied to an edge 2x1 region
of “sanbl o6 (430 530egRebO! SHHgRT aarGr M e BunfD 2emE aPeugHD A
operator QlrtdRexPkdpic d)fts‘én@iesqy%ﬂlﬁﬂ_u%g it REdnd SverlRp bp&dtok after eefdeshg 1x1
regi on of sanples (420; 520) of the image and/or tile; and wherein the

fir st ,10secbathp-lafidophight bottemtlafi, anderogtoor-gehisemalsp of e cdornea 2%2 regionsefage of

samples as an intermediate 4x1 region of samples .

8. The method of claim 1 wherein the inverse overlap transform is a
hierarchical inverse transform having multiple stages, wherein, as part of the applying:
15 the first overlap operator is applied to an interior 2x2 region of samples (410; 510)
of an image and/or tile;
the second overlap operator is an edge overlap operator applied to an edge 2x1
region of samples (430; 530) of the image and/or tile; and
a third overlap operator of the plurality of overlap operators is applied to a corner
20  1x1 region of samples (420; 520) of the image and/or tile; and
wherein the first, second, and third overlap operators are applied in a first stage of

the multiple stages to samples of downsampled chroma channels.

9. The method of claim 8 wherein the first overlap operator and the second

1 1
and .
512 8192

25  overlap operator include dyadic lifting steps with factors of 3% ,

10.  The method of claim 8 wherein the third overlap operator is applied to a

sample value at location A using a sample value at a horizontally adjacent location B, and



the nultiple stages to sanpl es of downsanpl ed chroma channels. 9. The

nmet hod of claim8 wherein the first overlap operator and the second overl ap
oper at or wocebhuwda28fyadic lifting steps with factors of - PCTASA00826@1® 8192
10. The method of claim8 wherein the third overlap operator is applied to
a sanple value at location A using a sgﬂ@he value at a horizontally

adj acent |l ocation B, andwherein the thi'trd overlap operator is inplenented

by: bef or eyigrenltiapthap e atley Speadtér isPippica@dnicd biyhe sanpl e val ue at | ocation B,
adjusting the sanple value at |ocation A by subtractin? t he sanpl e val ue at
| ocation B frorkcf@re oxeih @peaiers areapplipd i the sampple ypkpe af fosation/Bradiystisgdiaat or s

h b , ; . . I
val e at IRRRl BRORIARAATY FekA R L TR AR ProcA R AP BRI
val ue at |vabatdttotaion Alandd net hod of decoding digital nmedia using a digital

medi a decodi ng devi ce (800), the thod conprising: with the digital nedia
decodi Rg devi daty gﬁ%la&oaagatqrﬁﬂ%mr@ﬁe SRIFp the VB Vilig %}rlﬂ‘é’fl_%%’ i ndi cati ng
a sel ect edqdﬁdshﬁ‘% BRUARY ][ey? dt9LafiBE ) tz)yuér(]% B s&rﬁﬁle%iu@%}% Rflatidd B thindary

option indicates one ard tile b processing tor overlap
oper at or s samgllcavadof at lodakien Boundary processing for overlap operators; based
at least in part on the selected tile boundary option, perform ng inverse
overlap processing (650). 12. The nethod of claim 11 further conprising:

when the sel ectigd tiA endaydnstaeYodit digRtall MEHig a4iRS aldiBtas Rklliatdet&iROUAGIST Y
processing for overlap operators, performng the inverse overlap processing

wi t h i1Aver(§@0)othermethompumpnsingis across til e boundaries; and when the

selected tile houndary .optiaqn jndi.cates the hard tile boundary processing
for overlap opé¥§%%¥§¥¥%£FF§Pﬁ#ﬁ§hP%§evﬂ%erse overl ap processing w thout

inverse overl ap operratdivang, iaahe@ssodet lbéstau) daoiregionibéic &y 4 fectdimae se
overlap processing . still 1ncludes inverse overlap operations on edge
sanpl es orPoandgrx gRtion((E0y Whergn therslected jide boupdagyj qnaion indicates one of a hard

tile boundary processing for overlap operators and a soft tile boundary processing for
15  overlap operators;
based at least in part on the selected tile boundary option, performing

inverse overlap processing (650).

12. The method of claim 11 further comprising;:

20 when the selected tile boundary option indicates the soft tile boundary processing
for overlap operators, performing the inverse overlap processing with inverse overlap
operations across tile boundaries; and

when the selected tile boundary option indicates the hard tile boundary processing
for overlap operators, performing the inverse overlap processing without inverse overlap

25  operations across tile boundaries, wherein the inverse overlap processing still includes
inverse overlap operations on edge samples on at least one side of the respective tile

boundaries so as to reduce DC gain mismatch.

13.  The method of claim 11 wherein the selected tile boundary option is

30  signaled in an image header.

14. The method of claim 11 wherein:

when the selected tile boundary option indicates the soft tile boundary processing



boundaries so as to reduce DC gain m smatch. 13. The nethod of claim11
wherein the selected tile boundary option is signaled in an i mage header.
14. The mwohot/@s7sl ai m 11 wherei n: when the sel ect ed tiPCe/Useem@en2yd opt i on
indicates the soft tile boundary processingfor overlap operators, the

i nverse overlap processing for a curregiqhile includes at |east partially
decodi ng at | east one spatially-neighboring tile; and when the sel ected
tile boundaryv@Rpiopbratorsliteainesrst becriprpdlodesding pundakyt tHe dedskk Bglchor
overlap operators, the inverse overlap_grocessing for the current tile is

i ndependeritartiflydfisedingat lspaonasnajiabhengighboringfileiands. 15. A

conput er - r eada I ri - e - @3 . i
Causing 1 he dr oy ARt BB ERTBHGE EEELIR Y {RERLUEH BRRBe  the
met hod of fanyvefap©paiaress, thdihverse overlap processing for the current tile is independent of

5  decoding spatially-neighboring tiles.

15. A computer-readable medium storing computer-executable instructions for
causing the digital media decoding device programmed thereby to perform the method of
any of claims 1-14.

10



