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20 Furthermore, to reduce data traffic and transmission time to acceptable levels én '
image may be compressed before_being sent over the internet. Or to increase the

L image-storage capacity of a CD-ROM or server, an image may be compressed
before being stored thereon.

Such image compression typically involves reducing the number of déta bits

25 necessary to represent an image. Unfortunately, mény compression techniques are

lossy. That is, visual information contained in the original image may be lost during
compression. This loss of information may cause noticeable differences, often called
visual artifacts, in the reconstructed image. In many cases, these artifacts are
undesirable, and thus significantly reduce the visual quality of the reconstructed
30 image as compared to the quality of the original image.
Referring to Figures 1-3, the basics of the popular block-based Moving
Pictures Experts Group (MPEG) compression standards, which include MPEG-1 and

MPEG-2, are discussed. For purposes of illustration, the discussion is based on
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20  and Cg values of the original frame. In the MPEG 4:2:0 format, the pre-compression
Y values are the same as the original Y values. Thus, each pixel 12 mere'ly retains
its original luminance value Y. But to reduce the amount of data to be compressed, _
the MPEG 4:2:0 format allows only one pre-compression Cg value and one pre-
compression Cg value for each group 14 of four pixels 12. Each of these pre-

25 compression Cg and Cr values are respectively derived from the original Cg and Cr
values of the four pixels 12 in the respective group 14. Thus, referring to Figures 1B-
1D, the pre-compression Y, Cg, and Cg values generated for the macro biock 10 are
arranged as one 16x16 matrix 16 of pre-compression Y values (equal to the original
Y value for each pixel 12), one 8x8 matrix 18 of pre-compression Cg values (equal to

30 one derived Cg value for each group 14 of four pixels 12), and one 8x8 matrix 20 of
pre-compression Cg values (equal to one derived Cg value for each group 14 of four
pixels 12). ltis, however, common in the industry to call the matrices 16, 18, and 20

"blocks" of values. Furthermore, because it is convenient to perform the
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20  Group Of Pictures (

GOP), and labels each frame as either an intra (1) frame or a
non-intra (non-l) frame. The encoder 30 always encodes an I-frame without

reference to another frame, but can and often does encode a non-l frame with

reference to one or more of the other frames in the GOP. The encoder 30 does not

however, encode a nqn-l frame with reference to a frame in a different GOP.

During the encoding of an | frame, the 8x8 blocks (Figures 1B — 1D) of the
pre-compression Y, Cg, and Cg values that represent the | frame pass through a
summer 34 to a Discrete Cosine Transform_(DCT) circuit 36, which transforms these
blocks of values into respective 8x8 blocks of one DC coefficient and sixty-three AC
coefficients. That is, the summer 34 is not needed when the encoder 30 encodes an

30

I frame, and thus the pre-compression values pass through the summer 34 without
being summed with any other values. As discussed below, however, the summer 34
is often needed when the encoder 30 encodes a non-l frame. A quantizer 38 limits

each of the coefficients to a respective maximum value, and provides the quantized



30 I franme, and thus the pre-conpression values pass through the sunmer 34
wi thout being sumred with any other values. As discussed bel ow, hovvever
the sumer 34 s often needed when the encoder 30 encodes a non-1 frane
quantizer 38 M®P¥$¥%bach of the coefficients to a respective ne&i/HuHY2Ai0
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t he decoded | , n Because MPEG encodi ng an
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diffefent t haoorlrém)cpfde‘tgcr@lméﬂéé @bk Bbcothd e hcddid frdhaWith a J@@&cﬁﬁgr e,
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may cause addiS'B qlip siaitr <y identicabtodbe siesadinarierhniguewspd bause deheder
referencas fr@iguesad Viigen QQMh@QOEqQFaW&dth%t Crermiraiaul b Btk ff iﬂﬁsf@@
than the reference franme used for encodi ng (pre-conpression {
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(Figure 3). -Fh?ergf%ﬂé',a&tlrll&&e pre-compression | frame as a reference frame during encoding
20 may cause additional differences in the decoded non-| frame because the reference
frame used for decoding (decoded | frame) would be different than the reference
frame used for encoding (pre-compression | frame).
Therefore, to generate a reference frame for encoding that will be similar to or =,
the same as the reference frame used for decoding, the encoder 30 includes a
25  dequantizer 50 and an inverse DCT circuit 52, which are designed to mimic the
dequantizer and inverse DCT circuit of the decoder (Figure 3). The dequantizer 50
dequantizes the quantized DCT coefficients from the quantizer 38, and the circuit 52
transforms the dequantized DCT coefficients back into corresponding 8x8 blocks of
Y, Cg, and .CR pixel values. Because of the losses incurred during quantization and
30  dequantization, however, some or all of these decoded pixel values may be
respectively different than the corresponding pre-compression pixel values. These

decoded pixel values then pass through a summer 54 (used when generating a



dequanti zes the quantized DCT coefficients fromthe quantizer 38, and the
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contain the sane macro bl ocks that "are in |ocations , respective
of frame #0 (ISFPEMVE frampilecations theywercupydn tl@]g@@edm@sfra;me@t Aﬁarnadmebrra

For a stationapyc@blbal @Ia'tvrf‘éh}’de%'é)pbﬂgwop  Q8US Ly BhiePRE S9N, ﬁﬁa@ﬁﬁnge

nmotion vector is nerely set near of equal to zero re's
still referririgens (Figgaky) mayotmcuupg tmmeam&dcnine@aaftloa |nnan;-ulcce§§ofﬁ baffremes. In

motion predi Cté?(he?@a%?%’ﬁé&é o? C(%lr%ag %ggﬁ)rfr%%sé %%epen nL{ﬁ/ lt(tglpees f%?ver datacﬁlts to
20  say "locations X and Z of frame #1 (non-I frame) contain the same macro blocks that
are in locations S and T, respectively, of frame #0 (I frame).” This “statement” is
encoded as a motion vector. For a stationary or relatively slow-moving object or
background scene, the motion vector is merely set near or equal to zero.
More specifically and still referring to Figure 2, during the encoding of a non-I |
25  frame, a motion predictor 58 compares the pre-compression Y values (the Cg and Cg
values are not used during motion prediction) of macro blocks in the non-I frame with
the decoded Y values of macro blocks in the reference frame to identify matching
macro blocks. For each macro block in the non-| frame for which a match is found in
the reference frame, a motion predictor 58 generates a motion vector that specifies
30  the location of the matching macro block in the reference frame. Thu's, as discussed
below in conjunction with Figure 3, during decoding of these macro blocks of the
non-1 frame, the decoder uses the motion vectors to obtain the pixel values for these

macro blocks from the matching macro blocks in the reference frame. The predictive
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are call ed resr')sgii10 ual sa,?u arééﬁg?rr%ﬁgﬁ‘girﬁaBSGBbIQFb@kﬁW%mh-aframeprmed by the

DCT ci réiﬁetfefBB?,S.wqumr&rﬂailléerre@i@uafshﬁr&@ﬂ%ﬁgé?1'.—{ ﬁ,{‘gb{oggs buffer 48 in a
P a

ner sim o.th i scussed above, exc aﬂgﬁf?zed DC
ceeffi cﬁtﬁeégé%%yt‘%%gbég?’mq 3%|tbelasantizends, the edist iFelny @RI 4aYi,t he

- pr edi ct &veareee citailardd thdii j ot LY oo kL ssible to use a non-1 frane
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dedbanti zed AdditibRvBT & farnmed by t dequanti zer 50 and the inverse
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which the residuals were gehdrdrantzes ang invemmtrassformid by theds t he

r espectiefibantizeyi Hland ther ionetsheD CTT @ittt S22 thdihs S iecaded Y yal ues of the

respec " reierence frame will
" Beahb sfaﬁ?érgs t one used by the decoder for the reasons discussed above. The

motion predictor 58 provides the decoded Y values of the reference | frame from

which the residuals were generated to the summer 54, which adds the respective
residuals from the circuit 52 to these decoded Y values of the reference I frame to
generate the respective Y values of the reference non-I frame. The reference-frame

bufft'ar 56 then stores the reference non-1 frame along with the reference | frame for
25 usein encoding subsequent non-| frames.

Still referring to Figure 2, the encoder 30 also includes a rate controller 60 to

nsure that the transmit buffer 48, which typically transmits the encoded frame data

at a fixed rate, never overflows or empties, /.e., underflows. If either of these

conditions occurs, errors may be introduced into the encoded data. For example, if
30 the buffer 48 overflows, data from the coder 46 js lost. Thus, the rate controller 6'0
uses feed back to adjust the quantization scaling factors used by the quantizer 38
based on the degree of fullness of the transmit buffer 48. The more full the buffer

48, the larger the controller 60 makes the scale factors, and the fewer data bits the



generate the respective Y values of the reference non-I franme. The
reference-frane buffer 56 then stores the reference non-1 franme along with
the 9 reférence | frame for 25 use in encodi ng subsequent non-1 franes.
Still réf¥@P¥IXEe to Figure 2, the encoder 30 al so includesrarnabezsaont rol | er
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dequanttirzedomeefHe ¢éRHn%izEA B eh g, decoded pi xel vyal ues 15
pa§$ t hr ougF a _surmer 68 (whi Sﬁk@t%}s{@%g uFY%Qe%hiﬁaéﬁe&a’gﬁép&ﬁha'“es

ot P on-FASEA X488 2 ReeriitoKsciots et dulingmesdeas difisemnsash-pRigMEdi Nto a
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buf fer 4 : :
afideo display unit 72. If the | frame is used as a reference frame, it is also stored in

the reference-frame buffer 74.

20 For motion-predicted macro blocks of non-| frames, the decoder 62,

dequantizer 65, and inverse DCT 66 process the residuals as discussed above. The
prediction decoder 64 decodes the motion vectors, and a motion interpolator 76
provides to the summer 68 the pixel values from the macro blocks in the reference

frame that the motion vectors pointto. The summer 68 adds these reference pixel

25  values to the residuals to generate the pixel values of the decoded macro blocks,
and provides these decoded pixel values to the frame-reorder buffer 70. If the non-I
frame is used as a reference frame, it is stored in the reference-frame buffer 74.

A more detailed discussion of the MPEG encoder 30 and decoder 60 of
Figures 2 and 3, respectively, is available in many publications including "Video
30

Compression” by Peter D. Symes, McGraw-Hill, 1998. Furthermore, there are other
well-known block-based compression techniques for encoding and decoding images.
Referring to Figure 1A, a problem with block-based compression techniques

such-as the MPEG standard is that the loss of visual information during compression



20 For notion-predicted macro bl ocks of non-I franmes, the decoder 62,
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20 et al, "Projection-Based Spatially Adaptive Reconstruction of Block-Transform
Compressed Images," IEEE Transactions on Image Processing, Vol. 4, No. 7, July
1995, disciose deblocking techniques that are implemented during image decoding.
For example, O'Rourke et al. describe a statistical discontinuity-preserved image
model and a statistical image compression model, and a technique for generating |
25  maximum a posteriori (MAP) estimations of boundary pixels given based on these
two models. O'Rourke then estimates the values of the boundary pixels by
iteratively solving a convex constrained optimization problem. Similarly, the Yang
reference assumes that changes in neighboring pixel values, i.e., the values of pixels
on either side of a boundary, should be at a minimum, and then, like O'Rourke,
30  proceeds to estimate the values of the boundary pixels by iteratively solving the
convex constrained optimization problem. But such techniques often require too
much computation time for implementation in a real-time system. Additionally, such

techniques often operate on boundaries that are not blocky. Unfortunately, when
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20 betoo computationally intensive for many ap

SUMMARY OF THE INVENTION

: In one aspect of the invention, an image processing circﬁit includes a
processor that re.ceives a portion of an image that includes a boundary and first and
25 second contiguous pixels disposed on opposite sides of the boundary, the first and
second pixels having respective first and second pixel values. The prclJcessor
generates a boundary value from the first and second pixel values, compares the
boundary value to a comparison value, and reduces the difference between the first
and second pixel values if the boundary value has a specified relationship to the
30 comparison value.
Because such a processing circuit operates on an image after it has been
decoded, it does not change the way an image is encoded or decoded, and thus is

compatible with all block-based Compression standards. Furthermore the



boundaries in the original imge. Unfortunately, accurately estinmating
original 15 boundary values froma highly conpressed i mage nay be very

difficult becaH% quality of the decoded image is often inadequate far
accurate boundarsovgfue estimation. Furthernore, |ike sone of ?%2%%”%81'%

t echni ques descri bed above, these techniques often operate on all of the

boundaries in admipaEgen WiatkRer Hehay <ar
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In one aspect pfe éra@eééwé?etrré@tncarﬁgoérlﬁeggn Brsggﬁgﬁ e?gf \gg%g a‘nésnlﬁ )

processor that receives a portion an i mag udes a boundary’ and
first and 25 second contiguous pixels disposed on opposite' sides of the

pixel val uee: The processor gonBreousaaidars b e R ANIRS T <t and

second pi xel val uesFlgUtm’i)%waes cbheenthmanﬁlﬁbw vatkef pReR if @MPiaidgeon val ue,
and reduces the dlf g{”% g@ bet ween t he and second pixel values if
a' spet

t he boundary val ue 'h f’f‘\é‘ﬂ"tf"é‘lab?'ioﬁ‘hgm’&? EYPIFESDN C yAlyESitBBN val ue.

Because such aeppecta®si cgra¥poftith tOPBIaIaR 19 niftrd BRER ARl fa has been
decoded, it does nat. change the way an inmmge is encoded or” decoded, and

thus is conpatiblé '@nh I'%aSPBWW@@&@O@bﬁbp@ssWnr%ﬁmﬁn walues that |
Fur t her none, tragpgctwg)péy,?e%%gﬁdlfgmyﬁgg %'%Iuég' nﬁ%%g%?sb n va lIeglug%q/l\be set

so that the processing circuit opera and
t hus does not degr ddeurecthdaa cesvertmnabbleckof pla- @@Kyresé@dl @ﬂz o8RkkYhat t he

processing cir rate n,a se nce of video frames in real tinme.

5 BRI EF DESCRI %#‘:’%S\IFV%& ‘%&& &%e p'r’—‘gGQIPHpiK‘ {he maegRiest Phhigurendér o Q.

bl ock” of pixels in Fagurermgea bloEk diigtarh d? d SorReRAONAMNIPRORNdIdREK Of |
respectively correspond to the pixels in the

pre- conpressi on Y
macro bl ock of Fi g:/fa%”rfi is "‘é?@ﬁ‘f gdiagramof acaryrptianal MREGlensidest
pr e- conpr&ssi on CBW@]rueﬁlswﬁhenﬁlcr@@a@gagyﬁjn%f%Wern%&ﬁrl?\gn Bf %Ill]ﬁﬂg xg!

groups in the macro.bl ock of Figure 1A ure D 1s a conventiona gl ock
of pre-conpre®SPTPSHR Srauiiascoriing to thepaeentiosl y correspond to the pixel

groups in the ”BC”FIdUrQ(Skls%fﬂdﬂ BHAR tHY exBIau@ leéroepe%aflon 8ft?1|eolpni§g%' 5racELein g]; a

conventi onal MPEG en
circuit of Flgure 4.

Figure 6 is a detailed view of a macro block having boundaries that the imag;a
20  processing circuit of Figure 4 operates on.

Figure 7A is a functional block diagram of an embodiment of a filter that
reduces the differences in pixel values across vertical image boundaries according to
the invention.

Figure 7B is a functional block diagram of an embodiment of a filter that -

25  reduces the differences in pixel values across horizontal image boundaries
according to the invention.

Figure 8A is a functional block diagram of another embodiment of a filter that
reduces the differences in pixel values across vertical image boundaries according to
the invention.

30 Figure 8B is a functional block diagram of another embodiment of a filter that

reduces the differences in pixel values across horizontal image boundaries
according to the invention.

10



Figure 3 is a block diagramof a conventional MPEG decoder. 15 Figure 4 is
a scheratic bl ock diagram of an enbodi nent of an imaging processing
circuit according to the invention. Figure 5 is a flow chart that explains
t he oper atioonw/30$43t he i mage processing circuit of Figure 4.rdingumesboi s a
detailed view of a macro bl ock havi ng boundaries that the i mage 20

processing circuit of quEglu E Eerat es on. Figure 7A is a functional bl ock
di agram of an enbodi nerE GHEEDPESERIPRIPN QR Jite NYENTHINT er ences i n pi xel
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Figure 8 t l_, bl ock dla ram of, ther enbodinent of a filter
t hat reg%}(kzjzasgaﬁéwﬁt Eﬁ)feb?eshogg 796 ?r%%ﬁ'YﬁgPa@%Qgc@ﬂﬁfi%htaéll henage
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON Figure 4 is a Schematic i agram

of an i my¥ ﬁWQBQ%?Wd”QH@e%F%WWOHéH WQIQWBFGBQOFTNMQH@N& nol shbwen)aand mage
rocessi nghiehh 84. The ci,rcuit

Ee used pg 'préggéie%ﬁe%%s'gm% |n§| é ﬁYocﬁg éb%rbogngag%sq%ﬂgguﬁ.eqél deoy
frand$. mow@@@npmmrnngt of theumermm trd ud@geacmmmasl@waéf {hgt or age
circuit S ata received fr ecoder such as the
desoder g%‘% °F kglﬁép%nbf%ﬁ P@?ietc'@"teﬁ Wav%&@agéa%rwﬂgébw@c&gbr 88,
kith in Figwe fénimalmaftbat embchidﬁb?ﬂ et erigeCiRbit Y i g%?@oﬁﬂ%%@e@%ﬁr ggot

shown) a ces the pixel differences across bl ocky 1 nmag
boundar i gg a@h&géﬁg dIB Hel P OFRSHRG CEAYILER HoRs Nott indheds Mweﬂmagle t he
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mrch rrt?g | the frane-reorder buffer
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processed image data from the processor 88, and includes a display device 92,
which displays the images stored in the circuit 90.
Figure 5 is a flow chart that shows the general operation of one embodiment
“of the image processor 88 of Figure 4. For example purposes, the operation of the
20 processor 88 is discussed with respect to the pixel Y values, it being understood that
the operation is the same for the pixel Cg and Cr values and for the luminance énd
chroma values of other color spaces.
: In step 100, the processor 88 first calculates a threshold value based on the
decoded values of some or all of the pixels in. two contiguous pixel blocks that share
25 aboundary. In one embodiment, the pixel blocks are 8x8, it being understood that
the pixel blocks may have dimensions other than 8x8.
Next, in step 102, the processor 88 calculates a boundary value from the
values of the pixels that lie along the boundary. Although the processor 88 is
described as performing step 100 before step 102, the order of these steps can be

30 reversed.

Then, in step 104, the processor 88 compares the threshold value to the
boundary value.

il



In yet anot her enbodi ment, the processing circuit 82 does not include the
'storage circuit 86, and the processor 88 receives the imge data directly
fromthe decaﬁgr.a %5 The display circuit 84 includes an inage stpra%e
circuit 90, MN32%8res the processed i mage data fromthe prod&ddesooggsio
and includes a display device 92, which displays the inmages stored in the

circuit 90. Figureibstiep @6l lraMe gggﬁgaryh%guezgmgfsgﬁgﬁw @en e@h%@é{ﬁa{gﬁin@ of

one enbodi ment of the inmage processo re 4. For
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to the pixel Mewahe€the bdurRBiNgs YsgLSs t - Lo Ls ek e, gae
for the pixel CB and CR val ugg gnwgiéﬁcﬁgﬁ %tgﬁﬂn@%g&%ﬁhgb&r‘(\S?r@e\g/éﬁ}elée of
ot her col or sp2edhe foppdatyepdn poe, ervbediprent ebs grodsssbi Bsfillea! e lpate vatues by

e Two contl o e B R 8 5 esc LR AP =9 obis Bodndany
enbodi nent, té#ed fiisxedlues otkisesren BxSothét sibeionthd!BEERGAQOT thBdountBg RikE!

bl ocks may ha(ye di ne i ons ?&h?r than M Next, in step 102, the processor
- 88 cal cul at es %e%%%ncﬁg S/?Q/HI & Urreshpidn@lus,inl thepredetermingideays (a pais notgreater
‘al ong the bounday i.noNiddsauaR), tthen NOFER8SLor8 id%ntiﬁ@ﬁ{e"btgcﬁﬁgg?y B?EEQQ@EQ&

'step 100 before step 102, the order of these steps can rever
Then, in step 104,ReREiNt odsrd08sacpupesss dththenprestsded alladfule tembliing

- boundary 1gal yg, i ; PCT/ US99/ 211410 ILn,step 106, if the
_boundary val ue ug?%{'é\?g@ﬁ%%%e'ntqﬁsergaa'ﬂ%f' 2VE ?ngdﬁeééetggrpﬁ?ﬁ;%ﬁoﬁﬁﬁrﬁé?ns
(e.g., is grédathke uppanleftimmerss theanhge bhemwdrke (ONOREHSAEWSSrigtd@ntaf | €s
t he boundary as bl nd.,in ep.,107, filters the pixel values that lie ,m
al ong the boundar yF.%F%”” ﬁ‘é’ Séﬁ%dabnrgﬁ?i‘Z?Wéoﬁ%@é@o?fog%s%ﬂ%"@féh@ Reupdzigs »
val ues by 5 ngtiumEspgct toethdivf {@iuesces d?@éé’@%ﬂBBh%p@ﬁﬂs%@péﬁﬁO@i—. BSfOFﬂﬁiag T
e o €

.side of the houn ar%l and the val ues of pixels on the other si
‘boundary. I|f "‘ﬂqe B #88ry value does not differ fromthe threshold val ue

in the pigdeterm nreedem?hg to®tdh 11bSafQttng?, ?@ée%rsor%ﬁgit?o%%%gg%ﬁl t%ﬁéy&{:’%@g% in

‘then the prozessor 88 i1dentifies the boundary as n
step 108, thd'HIBRIR YD r88Peqida the Seesddir williesf thelrgocesrmir BBngped!8 steps 100

-boundari es of- ‘medr%?‘?ein%iﬁiﬁﬂh%n er. In one enbodi nent, the processor 88
starts in the upper left cornhe ‘the inmage and works toward the | ower

right corner. herefore, because the processor 88 operates on the boundaries of an image .
after the image has been decoded, the described de-blocking technique neithe'r' -
20  needs a change in nor makes a change to the techniques used to encode and
decode the image, and thus is compatible with any block-based compression
standard. Furthermore, as discussed below, because the calculations of the
threshold and boundary values and the filtering algorithm are relatively simple, the
processor 88 can operate on the boundaries fast enough for real-time applications
25 such as the enhancement of HDTV video frames. Additionally, experimental
observation of iméges compressed using standards such as ISO/ITU MPEG and
H.263 indicates that a significant number of boundaries are not blocky, and that the -
decoded image is often of the best visual quality when these "unblocky” boundaries
are left unaltered. Thus, because the processor 88 filters only the boundaries it
30 identifies as blocky, it does not degrade the quality of the image by filtering the
boundaries that are not blocky.
Referring to Figures 6, 7A, and 7B, the operation of the image processor 88 of

Figure 4 according to an embodiment of the invention is discussed. Generally, to

12



Referring to step 110, after the processor 88 processes all of the
boundaries (D wth respect to the Y values, the processor 88 repeats steps
100 - 108 for the CR and CB values. 15 Referring to step 112, after the
processowogy/3ptQdcesses all the boundaries in the i nage witdruespeab to the
CB and CR val ues, the processor 88 repeats steps 100 - 110 for any
remai ni ng.j . erefore, because the processor 88 operates on the
boundar i ggfég?’grgezwf‘%aééf" Ngk3 BPUPHATY; bRlyEeR AYC KeBY RsdUee bledks isdkakibed

de- bl ockihegproeesstir@iecorapirtenha Qe Redse 3 vERARIBI ‘ nge to
t he teCthiB?k'%Eo ﬁsed tBBencode an%l decgd(\e/ F%e ?L&%&J&gﬁgﬁ%ﬁ%g% gvr%orrpati bl e
O -

with any” JEYILBTRT FEP dvundaandbinat.is.rbe bhendanye;ales (sdérs ¢ 02 96d
bel ow, bRiganss) rsrwmh@hlbameor%%g%eé{gt ﬁw@,mgggh@ag@gmngg% @chcggreg nd

the Lilteri ?]I orithmare relative sinple can

oper dt e tgﬁ tF%§ Sgh\%ﬂﬂ? (€8P f184tFignreughis faofunciial efttheeespdtivealviepse 25 such as

t he enh fi ' Addi tionglly, experinmental
e s ks B a8 4 Sbheopes and

observation of | mages conpressea usi

H. 263 i RAicabiecky hdienat isipgrnéntsane cdanbatiord] RRALINRIEESe856hsaqk M) ocky, and
t hat thqm'egigpg@g %srrzge izzog‘en of the best visual quality when these
"unbl ocky™ boundafie ALY to smppthery be differasceveetness thheyaprescddbser 88
filters poxely thatdietmongland 88 ddpode it ifij oGk, |ilis dogs not - degr ade
‘thequal ity of, the ifr%ge by R te?isggé}‘t?@hgg’Sgﬁda O Isy s SHERARRe ocky.
Ref &7 r i (fP{YISHNg exBErBENntBhObapryation thatsn apgpiati eal-wbrit heagsaetorer ocessor 88

of  Fi guwoenptedsien! Wi i t of the.invention is discussed.
meral Loy o oae e 007D T ERE A A58kuBh ol s BiraamS e rios e a
endar YeERAGAEEHoUgINaseas iagils bouptakes it cltsadest Bloerky But IiGeRscessor 88

conpar esy; i verage roughnesses inside the two blocks to the
roughne?éga;ugséﬁ%ng‘%}r{égsr@?o%%tssl@, EENoTAY &RYSS a1 Rleck st kayerpdifferentFi gur e

5) s a(Waiselly bigheh), tegracnnighuganesy alohe iRAAHRENeY HHLEIHNE 1 p! ocks,
andy b ”t‘rﬂstd'i}fe‘?éhm d value (step 104 Figure 5) is a tunction of the
respective average ' rOEgRTRSSedsibiesazia Herkythaundanye Ksuthdrnone, aithocgbsor 88

Fini ter Lnonl Soor espomse (IR o] Paregtelt e Y T REl Sn e hen
the dif fﬁéﬁ@é‘g @%gﬁléeﬁ apfdhe risance andechrgmaeatieshaftothérecaibogoand on
opposite sidegueé 6tife RYBIAL Yo &BH@WZH‘\E«/EC%%&&%&E{&U 8x8 pixel biocks A -
D. Although shown in more detail, the macro block 120 and the blocks A - D are
20 similar to the macro block 10 and the blocks A - D of Figure 1A. Each of the pixels

in the respective blocks A - D has a respective row and column location. For

O

example, the pixel a,, 4 in the block A is located at the intersection of row 2 and
column 4 of the block A. A similar coordinate scheme is used for the blocks B - D.
Furthermore, four boundaries are respectively located between the blocks A — D.
25 For example, a boundary 122 is located between the blocks A and B, and a
boundary 124 is located between the blocks A and C. The widths of the boundaries
122 and 124 are exaggerated for illustration, but in actuality, the pixels in column 7 of
block A are contiguous with the respective pixels in column 0 of block B, and the
pixels in row 7 of block A are contiguous with the respective pixels in row 0 of block
30 C. Forexample, referring to the boundary 122, the pixel ay,; is contiguous with the
pixel bo,q, the pixel a;,7 is contiguous with the pixel by,o, and so on.
As discussed in conjunction with Figures 1 - 3, because the DCT transform is

performed on 8x8 blocks of pixel values, the macro block 120 is divided into the 8x8

13



10 exploits the experinental observation that in a typical real-world inage
before conpression, the roughness within a particular block is the sane as .

or is close tO?JCF - respective roughnesses at its boundaries with adjacent
bl ocks. But for't&486Hs discussed above, |ossy conpression schér@é”%ﬁff“'o
cause a block to have a different (typically hi gher) degree of roughness

along its boun hasa t i and 15 this di

roughness is vf%ir)ébk%eA agagns{ﬁr%@g %hé%ﬁnp plﬁﬁ’?f’%serl%%oceils? h%ﬁbc’hdestcﬁ'P§d as

enbodi ment is @@ecatmecw thel !otﬁrmltdmumiszpeebetv@eérhme bYoskal AlesD wiith regpedleousedy

with the CR and \{@e}@s t gr’ré ntmgnance and hr oma val ues of ot her

col or spaces. ﬁll gure ?(5.’8 gr 5eracasspo 8t O\Rﬁf%ﬁspﬂéh%éé?'?@ur 8x8

pi xel bl ocks AbouDdaWésthu@bnsh@dva BIBCKEWRN f8dRict 1o thl%ef U@l%@nrpe%%ulajf%g ﬁf&‘ﬁ

t he blocksi EDﬁ to_the macro bl ock 10 and 3\

‘of Figure 1 i eS?USten'Q tb‘? Glﬁzt%@”?”ééﬁe@l Wer%bl@ékﬁaﬁasswa@g 1Bererth

respective rOWo&BKbr@BXHTBloER)%@UR%Iué:é)én BREBRE Biod (ﬁi"tﬁcp )fﬁere%? Tn% c#?ortr\
col'um 0 bl“ock

block Ais |located at the intersection o row
A A simlar cHUlEieMRR Rowdasive withinaguagiorblodie alotidblkstfa probessdr 8 dyeratesconly

four boundari egnane phESRGRS tYé:‘NN)éehQﬁg%r%dbl%c sh\/éﬁ'b[etggggptg tgﬁZ:rBanddE@ vg?ues The

exanpl e, a boundary 122 is |ocate

boundary 124 i 8racssacels, hevween dpwatssonkthede avdndaridh@itwiraégest &f tHeh€r and Cg

boundar i es 12 124 are exaggerated for_ illustration, but in actualit
t he pi xel s G g%@ggﬁ a}rrbenn%lsgegaqr'&o%@t @WPSG@G@WQ’K“% Nevaleamelatather fOfm)g(S.

pi xel s in col uhowlvef tHereekayBoe aREbrhHLYiffdIbNEd EOMB vﬁut@% %’19(&% Ko §n which

contiguous with the respective pixels in row 0 of or exanp »
i (

referring to th&boiiia §5SPp 88 qnpsalgisa) th@@e‘bowgd@m iogwudiuﬂhmrrtnbre héthopghehe

bo, 0, "the pi xemago Blobk 126M b@é@%%ﬂé ?ean‘% 8% dhe %’b&% b gﬁasq%srqﬂbeg as

di scussed in conjunction with Fig because " the
performed on 89%'”BI86§k%1edﬂa©F0xléDCiva2C\md thidlonke o~ D) oy HeR@ dtserddinieheibns.

into the 8 13 28410 .. blocks A - D. Therefore, for
exanpl e pﬁ)rsposes V%@p%r?éo@ég f@gg 6%88?536'88 ighe BIRSESE TR 6?1‘:0(’%‘@9 to this
i nternal boundembedinizet wé e inhentidrotkdisdussed iMideir Ffesanifle b0/ ofes VibeUes,

it being under t he ocessor 88 operates on the external
boundari es bet e%g?rrgg’% TBERSE (12 O&? & Royrdyjiss 14202 hé24apditied values isidiscussed,

fashi on. 5 Butit bemgumeiersnocbdﬂGhaMﬂE&oﬁe?at@anQ%nﬁliar%méQBEEﬂomtﬁ% aries —
associ at ed therevaFﬁl6 only one 8x8 block of CR values and one 8x8 bl ock of

CB, there are ‘Ho&® pheedithe dlogheed bddmatdin @ snadre biackat 26aer etivesokmaend
thus the ppocess&s ﬁﬁ)ﬂpsmhﬁi?e%é( to the Cr and Cg values. Furthermore, the term “block”
as used below is generic to blocks like the blocks A — D and to macro blecks.

In this embodiment, the horizontal roughness of a block with respect to the Y
values equals the average horizontal difference between the Y values of horlzontally'
adjacent pixels within the block. (Slmllarly for the 4:2:0 MPEG format discussed in

25  conjunction with Figures 1 — 3, the horizontal roughnesses with respect to the Cgr and
Cg values equal the average horizontal differences between the Cr and Cg values,
respectively, of adjacent pixel groups, like the groups 14 of Figure 1A, within the
block.) Likewise, the vertical roughness of a block with respect to the Y values is
equal to the average vertical difference between the Y values of vertically adjacent

30  pixels within the block. (Similarly, for the 4:2:0 MPEG format discussed in
conjunction with Figures 1 — 3, the vertical roughnesses with respect to the Cr and
Ceg values equal the average vertical differences.between the Cr and Cg values,

respectively, of adjacent pixel groups.) For example, the respective horizontal

14



7 . .
'y t he boundari es between macro bl ocks with respect to the CR and CB

*val ues. The processor 88, however, operates on these boundaries wth
respect to the CR and CB 10 values in a manner simlar to that described
bel ow f oV AME33¥3val ues. In other formats, however, there noayudoe28410
chroma-di fference boundaries within a macro bl ock, in which case the
processohy .ab e t he undari es too. Furthernore, although the
macro bl océﬁq%%isgiﬂzasn%%ﬁ’e tggl%&é?‘ﬁé\ 3ps Beofdrigureh@, deispekisvedy, -ard ar e
descr i be@P@sentssi mytexBjlowing fRRGIGs P! ock 120 and the bl ocks A - D may have
ot her dinensions. 15 Still referring to Figure 6, the operation of the
processqb 88 according to thig ’enbodi ment of the invention is discussed in
detail . 'Por exanple pur%ﬂﬁe‘sf—t ‘E@Zb@@@%bgq_Mth respect to the boundaries
122 and 124 and the Y val ues 2i%s,g{.gcussed, it bei ng understood that the
operation is simlar with respect to other boundaries - whether between the
bl ocks A- Dwithin a macro bl ock 120. or between macro 20 bl ocks 120 - or
with respect to the CR and CB v§l ues. Furthernore, the term"bl ock"” as
used belmw i s generic Q0 bl odk i f the bl ocks A - D and to macro bl ocks.
In this enbodi nent, the %r"lg“ I Byghn@s,zsxqfl a block with respect to the
Y values equals the average h@rPysntal difference between the Y val ues of
hori zont al ) Wwherefdj a8 ' ithin.the block. (Simlarly, for the 4:2:0
MPEG f or, gEt i scﬁ?s’xed%@?@éoéf t\tg‘lﬁcpt"fegﬁ” FRPW Y #eRemnx of Block e ahdrb,zont al
r oughne¥se8 V\)ﬁ'HePéé’tfe@lKeltio rowey & edldmriCBoy BloeRe equal the average
hori zont al dgiffigrien 2 en the CR and CB val ues, respectively, of
pacent pi xeﬁ%rrl uﬁ’?ﬁ”ﬁ‘%@?%@r&sa‘é@&wnéf%icgmrn@bmkswa ahd ¢ the bl ock.)
LrKew sré,spfﬁcﬁé/e%eramcmresemghmﬁe%“caviggq(g,lfnmg.h respect to the Y values is
equal to the average vertical differenc etween the Y values of vertically
adhgcer(t:i 30 pixels within the %::obk. (Simlarly, for the 4:2:0 MPEG f or nat
di scussetl in conj unctfen Swith) FiXilags, } “ag’, the vertical roughnesses with
respect to the CR and CB vaPyesxemual 't he aVerage vertical differences
between the CR and CB val ues, respectively, of adjacent pixel groups.) For
exanpl e, the respective horizontal 14 r . WO 00/ 33243 |' CT/ US99/ 28410
roughnesses RAh and RBh of the,blpocks A and B of Figure 6, respectively,
are réfresented by ttypcvfgll_g n{lforrrul as: 1,7 7 RAh 56 -ay, x-1

C,_ -C
y-Lx , X
56y=lx=0 g

where ¢, is the Y value of the pixel in the row y and column x of the block C.
Furthermore, the horizontal boundary roughness Rag of the boundary 122 -
between the blocks A and B is represented by the following formula:

(5)

15

1 J
Rap :g Z,ayj —by,O l
y=0

Thus, Rag equals the average difference between the Y values of the

20 . . ) .
respective pairs of contiguous pixels in column 7 of block A and column 0 of block B

Likewise, the vertical boundary roughness Rxc of the boundary 124 between
the blocks A and C is represented by the following formula:

7

1
Rac =3 2laz—coxl
x=0

(6)

15
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y=0x=1 7 7 5 (2) RBh 56 111 by, x - by,x-i y=0x=1 where ay.X is the Y,

val ue of the pixel inrowy and colum x of block A and by., is the Y

val ue of the inrowy and colum x of block B. Slmlarly, t he

verti cal rougﬁ%é%’%@dﬁ and Rcv of the blocks A and C respechT/&S)??’zg“r'g

represented by the foll ow ng formulas: 10 (3) _ i 7 7 RAv-56 ay_I, x-ay, xl

y=I' x=0 Rev 56 Z 1IHak R.X equsk whe XIS Yval ofthe
e %‘F %e?’a%? Qlﬁ\é@é{ PME rtﬂﬁhYeva'Fﬁ%O

pixel in the rowy and co
hori zont al boUR8BRSHIVERAITRITONRABo WS pixkis nbmuwcvaoyblaaaeAlén@edmaﬂ blldlﬂ( él Ocks

A and B is represe RAB -

by, o | IY—O Tﬁus gAE egég{@%%@mﬁogﬂégg F}“F%&Q}%éh%@%éwa{ h‘é“'\da\mﬂl?@sisof

the 20 respectblv@ypain&ethmm@ueusj fRLYRhEsd A6 BkEEBHS tHY 296 ér;g\ﬁhﬁ‘dt ]
e

colum O Otj- bl oc”k B. | se, the vertical boundary roughness
boundary 174 H&F %A% “i flﬂsa%%&u\aaﬁ@a@bwsa ﬁréppw@mredmbg arheurftpdhdthatghe

formul a: RAC Sounbad, x2 RULE 2
00/ 33243 1' CT/ 889/ ?841%%0@#ECQY 'waér%C%'%&?@Lé’ A 2‘5?% F%“Feerxéﬁéggﬂﬁﬁé%wge

the Y val ues oF ih¥erfigahesohoessesi Re, arfd Bonby gtmusnplpcedietermnrfeavuxrﬁo@ft bteck
A and row 0 ofcgbh gkt bgen exper i rmned that the
hori zont al bounggry 1%C‘La§cur%¢)oc&’ rfocgﬁ%orﬁ?aﬁswéﬁ ‘E‘?&ﬁ]"c%?@/e Yo(RafeEs. RAB
~exceeds the averfagtheapixelsen blocksA B, and C, respectxvely according to the following

10  formulas: -

| A :
(7) =—4 Z Zay,x O
= =O . L
© Po=Ly ¥
B=— b, .
64y oxz0
15 (9 1 &<
(9) Pczaz ZC}',x
y=0x=0

The processor 88 identifies the boundary 122 between the blocks A and B as
blocky when the following equation is true:

1
(10) R g _E(RA/7+RBh)>£
PA+PB PA+PB 2

20

where Ty, is an experimentally determined threshold constant. In one aspect of this
embodiment, T, = 0.05. More specifically, because the human visual system is more
sensitive to differences in roughness than the to the actual degree of roughness, the
processor 88 filters the boundary 122 only if the average of the horizontal

25  roughnesses Ra, and Ren differs from the horizontal-boundary roughness Rag by

more than Ty, divided by 2. The equation 10 can be rewritten as:

16
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i. hori zontal roughnesses RAh and Reh by a first predeterm ned anount, and
that the boundary 124 is blocky if the vertical boundary roughness RAc
exceeds Wocg%eJJage of the vertical roughnesses RA" and Rcv by a second
predet ermned arfount. To carry out this calculation, the provesssiio88
cal cul ates the average Y values PA, PB, Pc for the pixels in blocks A
and C, respectively,.according to the followng 10 fornmulas: 1 7 7 |
0 (7) PAR 64y=0x=0 1 R _(B@RP86$1% Y, byTx . .y=ox=0 1 7 7 15 (9) PC
X 64 y=0x=0 The processor 88 i @&nti ’?'e%’t“@(geuh(ﬁ’ar)y 122 between the
bl ocks A and B as bl ocky when the follow ng equation is true: 1 0 (10)
RAB 2 (RA + Rl,l?h) Th PA + PB PA + PB 2 20 where Th is an experinentally
det er mi ned t ht &stdivénzonss avirite lthe 8 .of this enbodinent, Th =
0- 03 MBQurRRRCLALEAA Xy, 225aLSE R T 2L jae Eanicommare a sensi t i ve
to differences in bu‘l‘jﬁﬁ@%?%’ﬁﬁﬁﬂ’tﬂ@eghoesﬁleA@CtbL@Eorﬂﬁgﬁ% Q%Iu cmghtness, t he
IOFOCéSSCﬂet@gﬂiﬁé|V‘ﬂﬁ§ﬂ$ertch€hot99§é‘gg{,;(dalzz1g%nj y . if the average o %he }8ri zont al
25 rougr}gpcsies RAh and Reh differs Yr ‘lsfpéoqi‘dri'ﬁd'ﬁlﬁ@lmmnimdmn,wl;é)pgghness

y DT at?ﬂérﬁ”Tﬁqwtmfd(éd)lay: 2. The equation 10 can be rewitten as: 16

B
Y, X
Cj

I o

RAB b
SUBSTI TUTE SHEET (RULE 26) WD 00/ 33243 PCT/ US99/ 28410 (11) RAB (RAh -''
RB1,)> Th (PA +PB) |

12
(12) M 45 =L[(R ), + Ry )+ Ty(Py +.Pp)]

10

Therefore, in this embodiment, the boundary 122 is blocky if:

13
(13) Rap > L[(Ry + Rpy )+ Th (P4 +Pg)]

T . .
hus, the processor 88 identifies the boundary 122 as being blocky and filters

15 this iscus
’ boundary as discussed below only if the boundary value, here the horizontal-
oundary roughness Rag, is greater than the comparison value Mas
L Similarly, the processor 88 identifies the boundary 124 between the blocks A
an i |
as blocky and ﬁlters this boundary when the following equation is true:
20 14
(14 Rac=3Ra +Rey) > (B, +p)

Wh . - :
ere T, is an €xperimentally determined vertical threshold constant

of this embodiment, T, = 0.04. In one aspect

As wi : L .
ith equation (1 1), it is convenient to rewrite equation (15) again so that
one ¢
an compare a boundary value, here the boundary roughness Rag, to a

compari '
' parlsor.1 value Mac to determine whether or not the boundary 124 is blocky
this embodiment, Mac is calculated from equation (15) as:

25

In

15
(15) Mac =3{(Ry, +Rc,)+ T(Py+Pc)]

17
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2 It is convenient to rewite the equation again so that one can conparge a
boundary val ue, here the boundary roughness RAB, to a conparison val ue MAB
to 5 deternine whether or not the boundary 122 is blocky. I'n this

enbodi nent, MAB d@332¢%al cul ated from equation (11) as: (12) MAB BCTUP ARG
RBh) + Th (PA +PB )] 10 Therefore, in this enbodi nent, the boundary 122 is
blocky if: (13) 1 [( RAB > 2 R 4/, +RBh)+Th(PA +PB)] Thus, the processor
88 identifies theeelosiribdhiy emdpodimenkittgybblindky @Rdds bidakgrits 15 this
boundary as di scussed below only if the boundary val ue, here the

hori zontal - boundary roughness RAB, is greater than the conparison val ue,

MAB. Simlarlyygthe processorp88 identifies t ndapyyil24 between the
bl ocks A and)(C )fas bl ocky andR'f‘ﬂ?efQ}%/ﬂ‘hi' sﬁ%btﬁggf};" %h‘%)]t he foll ow ng

equation is true: 20 (D 2 (14) RAC - (RAv + RCv) > zV (PA't PC) where T" is
an experinmentally determ ned vertical threshold constant. In one aspect of
this enbodbnent, T, AthougH.in Ass airtblodeneratitheneédddtive idouhdagoraleed BRs ah@ Rac

rewite equatiQ 15)_.agai n so fhat one can. conpare. a boundary. val ue,
here the boun&ggyéof%%@f#@s‘éa' Viag B”Q%EWJPPSW%HB%Yﬁﬂée't@qﬁ%glé‘r?ﬂ%e
whet her or notadjdvenboltrdsicy tHe?darhé ifb§E k¥ -othér erhBb&infiH® tHeenfaluddYpal Soe

cal cul at ed frgum equation (15) as: (15) M4c = -L [(RAv _+Rcv)+Tl, (PA +PC)]
17 suBsTI TUTEIRStiEEY of R =3 sugh eptaBpixe! yaloes insoonadiacent biveisdn dhe sanre

this enbodi memtamd Mxd1aNRRN N bldksict omdé?cf@fné% :neé' %@eg%%ﬁu%né [ 6Btidn-vé R

)+ TT. (P4 + Pc 5 Al'though 1 n this enbod nent respective oundar'y val ues
RAB and RN aAbesopplansiormdtimais viRBsauwthMYXDETecdaffientens of the Y pi xel

hese val ues may. boehysgpBHE il isbup B PR e o ndanes bt an O
nonadj acent blroags, the drbeessamgs ifmpimBentpiaxfterValdtess bIFIRIfek to@medthen the
I/;?ng 'SE cﬁ \ébg%&g@%ﬁ&%&%@ﬁg&i lgd- \alg %E—:?nrg bllgc}\{;i. ! Il#et?\is gr%bééiﬁwnesrrt,o trhrgfﬁtgpm "
operates on the Y values of the pixels that are contiguous with the blocky boundary.
15 For example, if the processor 88 identifies the boundary 122 as being blocky, then it
filters the Y values of the 16 pixels — the eight pixels in column 7 o_f block A and the
eight pixels in cblumn 0 of block B — that are contiguous with the boundary 122.
Likewise, if the processor 88 identifies the boundary 124 as being blocky, then it
filters the Y values of the 16 pixels — the eight pixels in row 7 of block A and the
20  eight pixels in row 0 of block C — that are contiguous with the boundary 124.
More specifically, referring to Figures 7A and 7B, in this embodiment, the
processor 88 implements a filter that sets the Y value of a filtered pixel equal to a
function of its Y value and the Y values of the two contiguous pixels on either side of
the filtered pixel in a direction perpendicular to the boundary.
25 Referring to Figure 7A, for a vertical boundary such as the boundary 122, the
Y value of the filtered pixel hp1 is set equal to a function of its Y value and the Y
values of the two horizontally contiguous pixels hp0 and hp2. For example, to filter
the Y value of a boundary pixel a3 7 (hp1), the processor 88 sets the Y value of the
pixel a3 7 equal to a function of the Y values of the pixels aszg (hp0), as7 (hp1), and
30  bso (hp2). The processor 88 then filters the Y values of all of the other pixels in
column 7 of block A and column 0 of block B in a similar manner to effectively reduce

the respective differences between the Y values of the pixels in column 7 of block A
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ﬁext, to reduce the undesirable effects that bl ocky boundaries have on an 0
i mage, ‘the processor 88 inplenents a filter, such as a FIRfilter, to
smoot hen the boundaries that are identified as bei ng bl ocky. In this
enbodi meMQ 0¥kRe8+¥ilter operates on the Y values of the pixelgushaB4@re
contiguous wth the bl ocky boundary. 15 For exanple, if the processor 88
identifi g%dttge u'ndar¥ 122 as being blocky, then it filters the Y val ues
of the 16 pivel'sVa8UPRET HigyiesPBFtue @X‘?'ﬁl@éolumﬂOaﬁbldﬂkcﬂszWataBdthtehe ei ght

pi xel s i precdssBn8s sehodih with the boundary 122.
Li kewise, if the rsocoessgﬁ%hg?d‘gntl f?ﬁegb lﬂ)‘g g % gvarage diffetener) bl ocky,

then it bPFW%%?g‘ethé’a\\Uaﬁanfdb@ poels &y .16 asbmbahe\th@tu@s ghthepﬂeésééwen row 7
of bl ockpiepng, t he %0 eight pixels in row O of block .C - that are
conti uous W TH the Houndary 124. More specifically, referring to Figures

7A arfid 713, i Bimitry, eeteodthigenEiguid B8 BF @ Lilter that
edlggl xel eq ugﬁéghtﬁ%founc%&?r%]'@hf squ Y val ue

sets the f.a r

and t he @l@/ﬁ %J'@ei 2 “EEh& \PSM? QBW?lf@}@EﬁﬁspipEbom1SIsmet@|qubbtb siudetion of ke

filteredvgiuzelndth avdar the 25 Referring

to Fi gur\(/e 7A, Tor a velrgsggﬁ{éb%\g&ﬂgég t'gggf'ﬁé)' gﬁﬂ‘ﬂg?ﬁm% Fore Y

val ue of X#HBPle; fq BlterthpiXedlunjuf altsnmdaryemuall cot40(v§1f lﬂﬁ‘@bid&@s@%} r 84 §et§ tﬁé' ue

and the Yyaya@d e%xélr}e %§B§P® {Sall % uous &xe s hpO an

hre dgxanﬁlggs m@l 'uquEy %raé Es &r’fEB infflers . dé ¥ DAk paop ﬁhpavpo tc:hef th
r od@ssal 4 e Hon o e

’ Py S o ler el Y Ot

Y val 3,6 3.7 (hp
,'cvaeﬁiir"?%'g Pl 7§ Gafin e Yond i lBlock C 4 sismfarmaamnarndo efowieiy |
cot’u

Tredt ds)ltrm:#e e t
effe(r:Tl bg%/;)r educfﬁe?ﬂe rgZﬂg;éé%e?‘vﬁg“g%?gﬁrgee?c\)eagu%eéw&wf%%'“grr‘]ﬁ‘;? s of the

pi xel s i Sof VBlugE Iof ke respeSiIBSTINGISTIE rSWHES! HIBEL . 2fat VO 1RO/ 33243

PCT/ US9 Y384 res ectlv i xels in colum 0O of
bl 0?5 ngerhat |r§@r?ngme§%g€ésg§§n%ﬁ?§ HEC{%%S&YHW@Q@“@? reduci ng

t he'aver ﬁ‘@eﬁ“ﬁh%?f’e\fai@es bitheesxels bg; Y. V@,I,@fd He yh@m@ I ar.7
and t he }Qé@kues oéo the respective pixels b 0, s)%ﬁtﬁeggsp%cgveﬁn larly,
referri ng to ?—"l’gure 7B, for a horizontal boundary such as the boundary

124, the Y vémoeeca‘spbbemhlst@maddmeh@lth& g function of
its Y ﬁ‘é}’ﬁla‘?@gtst val ues, of the t\/\om\;%?%%gﬁ g conn[tg%ﬂcﬁx?r 0@1's vpo
and vp2. gxanpFe’ VRYCQ thefilterre pixe) gaue! tof the denagkaolitpprestitered & (vpl

) , the paloeewsbihe8B vafics dfiige contiguous pixels. For example, in this embodiment,
20  referring to Figures 7A and 7B, hp1ferea = (hpOpre-fitered + NP1 pre-fitered + hp2pre-fitered)/3

and vp Tsuered = (VPOpre-fitered + VP 1pre-fitered + VP2pre-fiterea)/3. As discussed below, the

| processor 88 uses the pre-filtered Y values of the pixels it filters to avoid reaching a
result that depends on the order in which the blocks are filtered. Consequently, after

the processor 88 filters contiguous pixels on either side of a boundary, neither pixel

has a filtered Y value equal to the average of the filtered Y values of the pixels next
to it.

25

For example, referring to Figures 6 and 7A, the filtering of the Y values of the
pixel a7 and the horizontally adjoining pixe! b3 is described in conjunction with the
smoothing of the boundary 122 according to an embodiment of the invention. First,

30  the processor 88 calculates the average Y value for the pixels a;4, a5 7, and bz o
(hpO, hp1, and hp2). Then, the processor 88 stores this resulting filtered Y value for
as7 in a temporary memory location such as in an on-board memory array. Next,

using the pre-filtered value of as 7, the processor 88 sets the Y value of the pixel b3 o
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Y value of the pixel co,4 equal to a function of the Y values of the pixels
a7.4 (vpO), co0.4-10 (vpl), and c,.4 (vp2). The processor 88 then filters
the Y val ues Q{'o /lsz.?sf the other O pixels in row 7 of block A and row O of
block Cin a sinlar manner to effectively reduce the respectigl/Us?/28410
di fferences between the Y values of the pixels in row 7 of block A and the
Y val ues of tHhBptespRFtd ¥ Rt NINYs of .block C That is, the
processor 88 snpot hens the ou% %ry%%y&égh?é’ai?ﬁ Ay the 3@‘&:P&gé”9ﬂ'1*@éréﬁ€e
15 bet ween t héP?) ¢ad staresthe tesufiingdliteramy Value f@ b, 7 imafotHE t¥mpatd g n&fohe
respective pielisnC . . 7. l.n gne aspect of this enbodiment, the
B¢ Thel, the %Sg%smfaia| RS the ket C valigs Yor a5 nandbag ethe

processor inplenents an aver

filtered pixelesaactve tuerméry lasalorgeopleshbAdiRE o thé telAey of Hsehild tNgs Y
val ues’ of & he {;aqg(ﬁl uou%&pl xels. For_exanple, in this enbodi ment’,
referring To FIgur 8807 Writhinsthe pre-fiiared Yechlueg hpaipfiterind calceldtions. the order

ot pre- 11t or effiteriazpes el agild i oRER AR HELAL, 2 OVRORIAL ALELSS.S o

vpl pre-filtered + vp2pre-filtered)/3. di Scusse
uses the pre- PPt BrideckB\nivicesversat ihas po mefbst on tie feseltoftive Aleiiny r PREYI AE a

ti result thapjdapends o order_in which the blocks are filtered.
- Consequent |y, E)laf t 2‘%”’ '%ﬁé%{)‘trj%@sgéf’ cgs bFM&Fé‘?%"b%W PR UL ISR kRacause the preer
side of a boufitRiegY veibehef api awd b, 2 anbamtahé filtbiced vXineal are SO p L0 ad1e
“average afy thﬁséd Jjﬁr?rfog% thval ue§ of the pixels next to it. For exa’r?bfe,
referring to Figures PRI of a7 £t fillpiasyY oaluehef a viainet eqohl tortee aAviexage
a3, 7 and t he ofthe2owiaklof agghAd M Giid s, de Lbed . nj unction
With the snoot Fi lag of theggoun.darytﬁ}gge’}a\éggﬁgiolrflgafoaﬁﬁlb%‘ftﬁ'g&m\fd“ﬂﬁs ?ngarQ
i nvention. Fi Indpe dsgoderimags: ckikewisegtheafitarbdiYesalubef dygisaget dquahsighed or
the pixels aZawm #th , i a hp2) . -Then, the processor
88 stores this rrggjjilrc:&i r???@%e&eb&(’%Rgémgh?rcﬁmgé@?ufgq?fad?.?t Brary nenory
| ocation such as i Arlprrefeoeng torfiqurys aranay7B NestfilteriHg g1 Shé res fi -
8.sets.the Y val ue o:‘ et”hg pi xePe\lloé?Tl,J%s %ﬂQtIhteeﬂ&g’

val ue of 183, 75, .t r . _

SUBSTI TUTE sﬁééﬁ‘?éﬂ%%%‘g‘)%ﬂméﬁb?@%ﬁ?' BeTISHaoYSREA1ID coplHsEtionquiti theo t he

average Y valumoqtbingtdféhebuehsag3i 24, adedrding 3 dn3ndoditit tle invBAfn N AW
?or b3.0 I n anot her {enporare '

and stores t r |t fil]tered Y val ue

nemory | ocag ﬁ%ﬁ?é#ﬁ%!ﬁpg? fachiRiT e vesagpatxe! vakierlpt ther pidels ami aesafdr, ;
a3.7 and b3, @vph vplieand epRRCThe® tHE i rr ndi tp the

val ues of these pixels. ﬁ is 5 stat ggé%t?(%\e/g%gﬁ&%gﬁﬁﬁ r?%@%?ﬁ&gch{)@?@d" e
values in all 19138 A R PROR Y Unafoaniocatione d¥eddr using the pre-filtered pixel value of

20 the pixel ar,3, the processor 88 sets the vaiue of the pixel co3 (vp1) equal to the
average pixel value for the pixels @73, Co3, and ¢y 5 (vpO, vp1, and vp2). Tﬁerefore,
for the reasons stated above, this embodiment allows the processor 88 to filter the
pixels az0- a7 > and Co.o— Co7 in any order. Also, the filtered value of a7 3 is not equal
to the average of the value of @s,3 and the filtered values of arzaand cg 3 and the

25  filtered value of Co.3 is not equal to the average of the value of ¢; ; and the filtered

values of a; ; and Co,g.

Referring to Figures 6, 8A, and 8B, in another embodiment of the invention,
the processor 88 uses different roughness and filtering calculations to respectively
identify and smoothen blocky boundaries. One difference between this embodiment

30 and the previous embodiment discussed above in conjunction with Figures 7A and
7B is that in this embodiment, the processor 88 is often better able to distin.guish
between a sharp edge of an object and a blocky boundary. Furthermore, like the

previous embodiment, although this embodiment is discussed with respectto the Y
20
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O filtering, i.e., filtering a pixel in block A before filtering a
horizontally contiguous pixel in block B or vice-versa, has no affect on
t he resuI\L' f the filtering. Thus, the pixels a0.7- a7.7 and b0,0- b7.0
can be fi IPg’P@%f"i’n any order. Al so, because the pre- filteP6d/UgI¥as4ues of
a3,7 and b3,0, and not the filtered Y values of a3,7 and b3,0, are 10 used
during tRg|dek! g a3, 7, .the filtered Y value of a3,7 is not equal to
t he aver %gei(zfa:}n?ﬁ*ég%()@épﬁr é%’fv'té@,%”&#‘fﬁo blesks ihet proedssonad opsranfs @3tHe and
b3, 0, whferd™ Gavakessappade bdunbSri i e, Likewise, the filtered
Y val ue of b3, 0,is not equal to t#\éé?geggé\%gﬁggg}oo k™A gupifas eenng. 1 and
the filtered ¥ Vi SE50SMEN, themmacessco 88Smpldmehis a refiRfurh Aot @ Fi gUres 6
and 7B, tdétermiretteeidegred of - f, the pixel 15 a7,3 and the
vertigcal | acglso'bni r?g@pi xel B'gg%gg%gg&g&jggﬁgoﬁﬂd@éﬁﬁ.U‘H& mmmMno filtehe
smoothi n 61VESHEE Petieidhy radghress Matlievtat 608 nerhadineit, of, t%§ ibgvention,
First, §hentBae&SERBls 8,8%5%94 Cu'latﬁ% t he average pixel value Rregson o pi xel s
a6.3, a7,3,and Q0,3 (vpO HIP'Calig Rpsrpntatiienghness Breoaethe WouBBas) PP2S
this restlrépiggentediter tbe fpllowhg\edludionf Or a7,3 in a tenporary menory

| ocation. Next, using the pre-filtered pixel value of 20 the pixel a7,3,
the processor 88 sets the value of the pixel ¢0.3 (vpl) equal to the
average pixel value for the pixels a7,3, co,3, and c1,3 (vpO vpl, and
vp2). Therefore, for tphe rzeé_szzwa@t ed a?’ove, this enbodi rent allows the
processor 88 to filter t Ri 99,7 aPy0 laﬁ'@k)co.o- co,7 in any order.
Also, the filtered value of a?=8 is not equal to the average of the val ue
QS,S and the filtered values of 617.3 and c0,3, and the 25 filtered
va

ue, of cO, |§. not equal to the average of the value of c1,3 and the
filtered val 185Sofn glementii o ite siRefrationnguals fHedsh8ferbhf tﬁéang‘?,é%B in
t

anot her velmbadigpeot, of ' ntion, . the processor 88 uses di
a?ig | Fé’?i(rtlgé?a\}laclzwﬁesa%#itgﬁ?"f%s Pes pBE tyvelegpettient)ifnd And snoot hen
a5

roughness. and f

bl ocky B“gl?ﬁ'déﬁ'tegr aespeimbatatip Cetdetineg 8ok & iyqent 30.and the

previ oug @ inﬂlj%ondiqsﬁ?ﬁssed above i_'n cogf]ét}lralé% ?g%ﬂ%dgﬁﬁﬁ Yeiae falatady 78
i's 1I5i hat in this e odt MEHT SN Esh deringsibe e@odingbt e ibrigkerF tl@ntdle

di st ngili’ eh'S Seanstamt, thephzy, B RYUFSS § j pct. and bl ocky boundary.’

Fur t herjpi€an | 'dgétns he. . rzq\r/i ous e%b%gﬁ?r%ﬁﬁ Foaé't"%&?&ﬁ ERHLS. cARBHNAY., | S

di scussed Wt h respeld 3RetthenYep6 delensneuicosing To (fRUbEsRH: WO 00/ 33243

PCT/ USg®/argization eabresMandspdignbgungdanies W thin a macro bl ock, the
proces%qugﬁoo erates on t?lﬁe &%q'ghg%éé%\?gp SCQNGRIEY Hatsomaircaese mdt ween
b1 0CKs

TBCT O q dé'mgp,xﬁ m@rern@nsrresulting from quantization of the first few coefficients

ofthe DCT transform. As discussed above in conjunction with Figure 2, the

20 quantization circuit 38 quantizes the coeffi

. cients from the DCT circuit 36 to reduce
the number of data bits needed to encode a particular pixel block. The quantization

circuit 38 applies a respective quantization value to each of the DCT coefficients

representing a pixel block. In some applications, the quantizer 38 varies the

quantization values from block to block depending on characteristics such as the

25 . - .
degree of visual detail in a particular block. In other applications, the quantization
valu ' i

es are fixed. Therefore, Tqe is a function of the first three quantization values for

each of the two blocks that are contiguous with the boundary in question, and in one
aspect of this embodiment Tqe is represented by the following equation:

10 qag + + +
(18) Tge = JAO 9a1+9A2 *9B0 +9B1 +9p>

2

Z
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‘I'n this enbodi nent, the processor 88 inplenments a mninumfilter to ,
determ ne the degree of blockiness at the bl ock boundaries. The m ni num .
filter 5 renpves the part of the roughness val ue that does not, I §‘5l’t/23f‘£gzm
conpression JIMEPF3tion errors. For exanple, the horizontal roughness RAB
at the boundary 122 is represented by the follow ng equation: 1 7 (17) RAB
=8 Y MNJ a =b T f, qe_y= ~ That is n el enent y=i of the
summat i on equgf’gyet 0 sHaT ?é? Q’B‘f tq%éagebtglglﬁﬁg‘ghr%%ﬂﬂant&a%QQ,V??Ueﬁﬁsf%(ci%é”WEhe
val ues of theepioddhg ohplotkardainy BOrespestvty.i vel y) and TQi which is either
an experinmental |y determ ned constant or an adaptive variable related to
the quanti zation c%‘e%]sng'?aérﬂ@mb%re SRR e ’é%’%f‘déi‘%@t @P%Ttoh’é‘d?ﬁrhb%‘? 'SFor
exanpl e, 15 ifeplé¥eritéd dyapassimwing hastiolfe = 30 has been found to give good
resul ts. ternatively, if it is an adaptive variable, then TQe is

determ ned according to the possible quantization errors. Mre

specifically, it has been di scovered7that a mgj or cause of bl ocky

boundaries isighe errors res tingl ntizati of the first few
N 1 o A = . . . .
coefficients (o? the DCT transforng Zc(s) i E%%’fsecf%ﬁ&ﬂé% n conjunction with

Figure 2, the 20 quantization ci rcuit? 38 quantizes the coefficients from
the DCT circuit 36 to reduce the nunber of data bits needed to encode a
_particul ar pixel block._The quantization circuit 38 applies a respective
quanti zati on val ue €€ daclf 0 EHBeTToRYant prcsahbe repieseatedrhy the fallpivingl

bl ock. |n soneypeht cations, the quantizer 38 varies the quantization

val ues from bl ock to bl ock depending on characteristics such as the 25
degree of!Ovisual detail in a particular block. In other applications, the O
‘quanti zation values are fixed. Therefore, Tge is a function of the first

t hree' quanti z(gbi on val ues for ea@hoof diahe Auo bMewks qidiat gape conti guous
W th the boundary in questiond®and in one aspect of thrs enbodinment TQe is
represented by the follow ng equation: 30 (18) ge gAO +gAi +gA2 +gBO +gBl
+gB2 21 SUBSTI TUTE SHEET (RULE 26)

where qco — gcz are the first three quantization values used during the encoding of
block C.

15 The processor 88 also calculates the horizontal and vertical roughnesses
within a block in a different manner. In the previous embodiment, to identify a blocky
boundary, the processor 88 calculates the horizontal and vertical roughnesses within
a block by respectively averaging the horizontal and vertical differences between the
values of all the horizontally and vertically contiguous pixels within the block. But in

20  this embodiment, instead of computing the average horizontal and vertical ™
differences for the values of every pixel in the block, the processor 88 computes ﬁ
these average differences only for values of the two alignments (either rows or
columns) of pixels adjacent to the biock boundary. Accordingly, the horizontal

roughness Rap of the block A is represented by the following equation:
25

1 7
(21) R an =3 Zlay,é_ayﬂ |
y=0
Thus, the calculation of R,y is simplified by taking the average of the absolute

values of the differences between the Y vaiues of the horizontally contiguous pixels
in the last two columns 6 and 7 of block A.

22
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WD 00/ 33243 1' CT/ US99/ 28410 where gAO - gA2 and geo - (82 are the first
three quantization val ues used during the encoding of blocks A and B,
respecti‘y((il ﬁ/ In a simlar manner, the vertical roughness RAC at the
boundar y¥93%31%3 represented by the fol | owi ng equation: 5PETUSOLMIRAC = -
21 MN(I a7x - cox | , Tge ) 8 x=O Here, Tge is also either a constant or
can be represgggted. following equation: 10 0 (20) Tge - gAO +9A1
+qA2 +qCO +(1c1 _a+ﬁ'qc‘é'9>2/"%ﬁ%? g“qu‘es“z-ora%'zoa%n@&ﬁef?m pEblothBee reprasbhiatthyon
val ues de®llawinggquatiorencodi ng of bl ock C. 15 The processor 88 al so
cal cul ates the horizontal and vertical roughnesses wthin a block in a
different manner. In the previous enbodinent, to identify a bl ocky
boundary, the processor 88 cal gul ates the horizontal and vertical
roughneg¢s within a ki ock bmgspec&i veil y averagi ng the horizontal and
vertical differences bet%engt yWal ted lof all the horizontally and
vertically contiguous pixels ¥Wfhin the block. But in 20 this enbodi nment,
i nstbead of conputing the average horizontal and vertical differences for
t he val ues ggé%/ pi}qxiealt' in the block, the processor 88 conputes these
average diff Cgrauwatiborof ), wesimpfiifit @yt l4f i ther rows or
: fock. phuadnd O ATERICE fGht SB5elte

col ums)aeds gf el j t.to the block bounda
hori zontaal ° rotﬁghcﬁggggn%%%%SPN?%thSIYoER'“RSioé thes ppezentalyd cintiguoes fpptdi@w ng

equat i dAIN@Erst two @I)mERAD aBidld ofBleék gay, 7 | Y=O. Thus, the cal cul ation of
RAh i's sinpldifdigdy b talﬂ{.rer%? t he average of the absolute values of the
di f f erences bet wedn' th& pyghnesses Fa, hod iR ot tHd bloerai gHgods pixels in

tI asespentivelyl, are seffeddrtled b9fth@mi%§/i/$§ equations:

] 7
(23) RAV=§Zlas,x“a7xl
x=0 '

1 7
(24) RCv =§ Z,CO,X ~Clx I
x=0

The processor 88 identifies the boundary 122 as being blocky if the following
15 equation is true: '

(25) R ap >F-MAX(R g, Ry ) + Tyg

Therefore, in this embodiment, the comparison value Mag is equal to the right-hand

20  side of equation (25). Furthermore, F and Thaare determined ex

perimentally, and

i For example, F= 1.4 and Toa=8
ave been found to yield good resuits, although different values may be used.

MAX(Ran, Rgp) equals the greater of Rap and Rpg,,

Likewise, the processor 88 identifies the boundary 124 as being blocky if the
following equation is true-

25

(26) Rac>F- MAXR 4y, Rey ) + Tyg

23
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22 SUBSTI TUTE SHEET (RULE 26) WO 00/33243 |' C17US99/ 28410 In a simlar
manner, the horizontal roughness Rah of block B is represented by the

following equation: (22) 1 ~ RBh - - ~J by.0 - by,1 8 y=0 5 Thus _
cal cul ati on of ‘%W’?é“%i mplified by taking the average of the ab'é%VhEg("m“O
val ues of the differences between the Y values of the horizontally

' I Xef | | t I d 1l of block B. Simlarly,
The vertical ¥ oarnoecorgisoh (ol s R E i fafhaneiside ot epugion or | an
X=

are represent eff =by.4tdved o) + BWidrg veauatth@igh §id)erk valLdSAWEE bkl @@x: a7x
rocessor 88 identifies the

17 (24) RCv - 8 0,x - cl, =0 The p )
Boundaﬁy )122 as bei ﬁ&@’ﬁ%@%@%é/\f%q%'ﬂéhlsm@@ﬂmein@)ma Brocessoer §85) R

AB > F NAX(R iiBRlzhtsta i fﬁ%@fsﬁéiﬁ%r%n kBt ﬂ?x'esa\fémgﬂg{@g%dl(sgggsé:é)g@& L 0N

value MAB is equal to the right-ha O side of e
Furt her nor & FCRMeNatinn wite Fitres Afrardl 28 pddrampealficplly, dhel prddescRABS irRBYments

ol e, o886 AR R (ERs SEALS s SudeBilommioundineoivs
Li kewi se, the pixelsesseithddSidaeftheficemdahe bausdanylel Medmgleimgurdl @€KX nkfe two
the follow ngpiggfée}%oogné Rp% royg:ﬁrsztilock are on one side of a vertical boundary 130, and
two pixels hp2 and hp4 of a second block are on the other th.e other side of the
10 boundary 130, the processor 88 filters the values of hp0 — hp3 based on four
respective functions fh0 — fh3 of the pre-filtered values of hpO ~ hp3. Likewise,
referring to Figure 8b, where two pixels vp0 and vp1 of a first block are on one side
of a horizontal boundary 132, and two pixels vp2 and vp4 of a secénd block are on
the other the other side of the boundary 132, the processor 88 filters the values of
15 vp0 - vp3 based on four functions fv0 — fv3 of the pre-filtered values of vp0 — vp3.
For example, referring to Figures 6 and 8A, in one embodiment, if the

boundary 122 is blocky, the processor 88 filters the Y values of the pixels ay.s for
¥=0,1,2,3,...,7 (column 6 of block A) according to the following equation:

ay¢ =fh0=
20 (27) O'6sa(y,6)pre—ﬁltered + O'2a(y,7)pre—ﬁltered +
O‘lb(y,O)pre—ﬁltered + O'OSb(y,l)pre—ﬁltered

where a5 corresponds to the filtered Y value of the pixel hpO, i.e., hpOfiereg,
and ay, sjpre-fitered, a(y,7)ore-filtered, Dyy,0)pre-fittersg, @aNd by, 1)pre-fitered respectively correspond
to the pre-filtered Y values of the pixels hp0-hp03, i.e., hpOpre-fitered, NP1 pre-itered,
25  hp2,efiereqd, and hp3pre-iiteres OF Figure 8A. Thus, a'y s equals the filtered Y \)alue of
the pixel a, . |
Similarly, the processor 88 filters the values of the pixels a,, ; (column 7 of
block A), by ¢ (column 0 of block B). and b, s (column 1 of block B) fory=0,1,2,...,7
according to the following equations:
30
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(26) RAC > F MAX(RAV , RCv) + Thd 23 SUBSTITUTE SHEET (RULE 26) WO

00/ 33243 PCT/ US 99/ 28410 Here, the conparison value MACis equal to the

ri ght-hand side of equation (26), and F = 1.4 and Thd = 8 work wel |,

al t houghwi 6Beent val ues may be used. Referring to Fi gurescB8idsand4®B, in
this enbodi nent the processor 88 inplenents a filter that is different
fromthe averaging filter discussed above in 5 conjunction with Figures 7A
and 7B. Mre $peci flelakl y, the processor 88 inplements a filter that

oper at esfé)% t he val(ﬁgg of the four gi xel s adjacent to a boundary, two

pi xels o i ther si ® 3 dia0y.SaFor, ex | ey referring to Figure 8A,
where two pixels hpO aﬁdé)ﬂbglm[g’fwa fi rst()’z?p&é@q%?de on one side of a
vertical boundary 130, &b i 402 4dnd, h of ,a second bl ock are on
the other the other side of %@pgomlg{%gndarﬁﬁaf"‘gfrwgeﬂr ocessor 88 filters
t he val ues of hpO - hp3 based on four respective functions fhO - fh3 of
the pre-filtered %uyes of hpO - hp3. Likewise, O referring to Figure 8b,
where two pi xglysf) 4md vpl of a first block are on one side 0 of a

hor i zont% boundarb ]432, and two pixels vp2 and vp4 of a second bl ock are
on the offfér the o Hera(s,bnbee—@ﬂ[extebe*' Q&ﬁﬁ{;\ry re-Fhereli¥€ pProcessor 88 filters
the values of 15 vpO - %%based on four functions NO - fv3 of the
pre-filtered val ues of Qé -(y \Op3e-fildeRH 'erQrﬁb@l preekifELdng to Figures 6 and
8A, in one enbodinent, if the boundary 122 is ioi ocky, the processor 88
filters the Y values of the pixels ay,6 for y=0-1,2,3,..., 7 (colum 6 of
bl ock A) accopdi ng ff, Jdhe follow ng equation: ay,6 =fhO= 20 (27)

a(y, 6)pre-¥iltered + 02a(y,7)pre-filtered + O 1b(y,Opre-filtered +

O Obh(y,.Bppre-fil tgyg where a'y. 6 rresponds to the filtered Y val ue of
the pi xe(l Epo, i e.g',ogﬁwlpteelﬁéeted +aﬁ'gaa(,7>bpr6}@meeedf Tltered,
a(y,7)pre-filtered, b(y re-littered, b(y 1)pre-filtered respectively
correspond to the pre-f(?' tBé}"@lP“’f‘Waﬂedue*éagﬁbt(hé)ppi—ﬁbdred hpO hp®B, i.e.,
hpQpre-uttered, hplpre-uttered, 25 hp2pre-filtered, and hp3pre_u,tered of
Figure 8A. Thus, a'y.6 equals the filtered Y value of the pixel ay,6.

Si mi | ar IYNerefe. mosesnsnds BBhp1 duk&l and usvad s 1y fitdied B mk@ d?%fh% Kx%g' umm 7
of bl ogk of bP3¢ B)

A of block B), and by, 1 (colum
For y=a g by HreRpOREs iythgee 8T i bivaindneghisieit oise of the pixel by
and b’y ; corresponds to hp3suered, and thus equals the filtered Y value of the pixel
10 by'1.

Likewise, referring to Figures 6 and 8B, if the boundary 124 is blocky, the

processor 88 filters the values of the pixels as, for x=0,1,2, 3,...,7 (row 6 of block A)
according to the following equation:

a:S,x =fv0 =

15 | '
(31) 0.653(6,x)pre—ﬁltered + 0'23(7,x)pre—ﬁltered +

0.1
C(O,x)pre—ﬁltered +0.05¢ (L,x)pre—filtered

where a’s, corresponds to the ﬁlter_ed Y value of the pixel vpO, i.e., vpOstered,

and -
a(6.x)pre-filtereds a(7.x)pre-filtered, Cro.x)pre-fitersq, ANd Ct1.x)pre-fittered FeSpeCtiVe‘V correspond

to the pre-filtered Y values of the pixels vp0-vp3, je. VPOpre-itersa, VP 1 pre-fitered, VP2pre-

20 fitered, @nd VP3 o sitereq, OF Figure 8B. Thus, a's, equals the fi

Itered value of the pixel
a6.x.
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30 24 SUBSTI TUTE SHEET (RULE 26) WD 00/ 33243 PCT/ US99/ 28410 a,,7 =fhl=
(28) 0.25a(y 6)pre-filtered + 0.35a(),,7)pre-Filtered + 0.26b + 0.14b
(y,0)pre-filteved/3y4d )prc-filtered by, 0 =1h2 = (29) PCTIUS99/28410
0. 14a(y, 6)pre-filtered + 0.26a(y,7)pre-filtered + 0.35b(y,0)pre-tiltared +
0.25b (y,l)pre-filtered b,.1 =fh3= 5. (30) 0.05a(y,6)pre-filtered

+O. la(y, 7)pre-filt &irdary, tA dk Llder + 0.65b (y,l)pre-filtered
where a'y. 7 coyf sp(ands ﬁﬁ?i I%Egg?ﬁftg#d&teﬁ%s'ue q?fgtﬁg Fl”g%'sﬁlhvt(é@\éd’ of block

t
val ue of the prxét” &Y OIPPB'OW@)c@ﬂd@spcémﬂaj bhgekf ©) 1cprxesh, 1 and ;.g?LS r%gija{?s
the filtered he@lloaimf edhiftidpisxe! by0, and by, corresponds to hp 1 LI,
and thus equals the filtere "value of the pixel 10 by, 1. Likew se,
referring to Figures 6 and 8B, if the boundary 124 is bl ocky, the
processor 88 filters the.values of the pixels a6,x for x=0, 1,2,3,..., 7

(row 6 of block A)a7acc=o diﬁg to the foll ow ng equation: a6x =fv0= 15 (31)
0. 65a(6,x)53re(3f2i)l tered %a(?,x)pre-fi ltered + O 1C(O x)pre-fltered +

O CsC (I,x)pre-filtered mec);abﬁﬁl%reeofﬁeﬁim(ry%p Ofthg #H I tered Y val ue of
the pixel vpO i.e., vpOil t@rﬁ? and a(6, X)pre-filtered,
a(7,x)pre-(i/tered, C(o,x)pre= q(Dar);ﬁd—,mtaﬂ-d ‘60,1.496)(9;)?;611%!,[%%5 ed respectively
correspond to the pre-filtered Y values of the pixels vpO-vp3, i.e.,
VpQpre-filtered, Vplpfie-filtered, vp2pre 20 filtered, and vp3ple-filtered,
of Figure 88. Thus%g'@.ﬁ;ze_qual s the filtered value of the pixel a6.X 25

(33
) 014 6 sypre-fiteres + 0263 (7 e itered + O
0.35¢(0,x)pre-filtered + 0-25¢(1,xypre-filtered
Cix =fv3=
(34 '
) 0-053(6,x)pre—~ﬁltered + 0'13(7,x)prc—ﬁltered +

0.2¢
(0,x)prefiltered + O'6SC(x.l)pre—ﬁltered

10
where a'
7.x COrresponds to vp1gyereq, and thus equals the filtered Y valye of the pixel
arx, C'
7d o0.x corresponds to VP 2fieres, and thus equals the filtered Y value of the pixel ¢,
an Cl o . . ‘X'
1,T c?rresponds to vp3fiterss, and thus equalis the filtered Y vaiue of the pixel ¢,
O implement the above filter; ' )
. lltering equations, the processor 88 conventionally

stores the pre-filtered values of the pixels being filtered.

From t ing it wi '
_ he foregoing it will be appreciated that, although specific embodiments
e Inventi i i
ention have been described herein for purposes of illustration, various

modifications may be made without deviating from the s

| irit
oo pirit and scope of the

26

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) WD 010/ 33243 PCT/ U599/28410 Simlarly, the
precessor 88 filters the val ues of the pixels a7.x, (row 7 of block A,
co., (row.0 of block ©, and cl.x, (row 1 of block © for x=0,1,2, ..., 7
accor di nvéoo?f”zt fie fol I ow ng equations: a7x fvl 5. (32) 0.253a/Us9028564

(6, x)pre- f||tered (7,x)pre-filtered + O 26C(Q x)pre-filtered +

0. 14C( 1, % tared Cpx fv2 (33) 0.14a(6,x)pre-filtered + 0.26a
(7,x)pre- ere 0.35c(o,,t)pre-filtered + 0.25¢c (Il,x)pre-filtered

=fv3 d, x (34) OAGE&@@e&yb&égﬁﬁdgmﬁm 309,1@g, x)pre filtered +
O 2c(p, x)preflltered + 65C (X, |)pre-f |Iter 10 where a' 7x corresponds

to vplflltergd’ro&erﬁfofﬁﬁ@r%ﬂﬁléﬂs the filtered Yval ue of the pixel a7.x,
CO, X corresponds te r qu sthefll red Y val ue of
p erFéZét'leéé’t§ oméﬂ%ftaﬁ% @ Bﬁ]et%?rgan r}jﬁl' rt\g]aév éﬁﬁéfys t he

t he pixel co. and c',,x corresponds to
filtered Y véPglé"%fa”ﬁrﬁ@Cpmeilonbguous ﬂ‘melsrm:tmﬂtort bepaitesadds dfttaei ng

equations, thg,R4 onventi.o 15 stores the pre-filtered
val ues of the L;J)l é}?eﬁ%g{r%tga%oc P ré}cP'Xf;—l?gﬁlzﬂﬁ’ereFB?%‘@’& gt ?I’QCJOqundUexe'
appr eci at ed Yalaes; al t hough specific enbodi nents of the invention have been

descri bed herein for ur %ses of illustration, various nodifications may
be made wit hout d%epeo{ % PHBHAR Y H@lugpirem: tharfidstsansheeasndtvatuesi nvent i on. 26

SUBSTI TUTE SHEET (fd?h{bé?reaﬁ)a pdan89 4é3 Hﬁg at is clained: 1.
An i mage processi ng circult, co téagy % %%%ilu aV\Q
reduce a difference between the first and second values if the

boundary value has a specified retationship to the comparison value.

2. The processing circuit of claim 1 wherein the processor is operable to
reduce the difference between the first and second values if the boundary value is
greater than the comparison value.

3. The processing circuit of claim 1 wherein the boundary value equals
the difference between the first and second values.

4, The processing circuit of claim 1 wherein the boundary value equals

the lesser of a predetermined value or an absolute value of the difference between

the first a_nd second values.

5. The processing circuit of claim 1 wherein the boundary value equals a
roughness value that indicates the roughness of the boundary.

6. The processing circuit of claim 1 wherein the image includes first and
second contiguous pixel blocks disposed on opposite sides of the boundéry, the first

and second pixels respectively disposed in the first and second blocks.

7. The processing circuit of claim 1 wherein:
the image includes third and fourth pixels having respective values, the third

pixel contiguous with and on the same side of the boundary as the first pixel and the
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a processor operable to, receive at least a portion of an image, the
portion including a boundary and first and second conti guous pixels

di sposed on opposite sides of the boundary, the first and second pi xel s
havi ng respect! 98%#3#%t and second pixel values; generate a bolrbAXry” A Ye
fromthe first and second val ues; conpare the boundary value to a

conparison v i ~di_ffer het wee e fi
values if t h:ﬂéggﬂn@bﬁfobggﬁée}@%ggggkg%@gﬁgggwer %’ﬁ%ﬁ%%s%?dpr{dt%%y ?Egh%g%% son
val ue. 2. Thepigelbsedsing circuit of claim 1 wherein the processor is

operable to redu ifference between the first and second val ues_ |f

t he boundary val ugﬂFtsp}P&f;%eSé’{éﬁ'O@?{gﬁgttﬁéeg%%gﬁ%‘hﬁre\?‘ﬁf}&gw%’?n evagV%st:ggb]eng
gircuit OL c:cf_aismarid Edétmrei pixéha)yf)wnﬁ@zne \)r_ll_a':lthéJ@fﬁ@Ufa’ls_Spixélft_fqtﬁil fdefelfm&fﬁage o{
etween the fjrst, an cond val ues. 4. The processin ircyit claim
wherein the l)%ﬁ#&&fe)? Qﬁﬁ'ﬁg’f%qﬁ%‘f@dvﬁﬂg ”l"@Qe'ég'SandaéeﬂP&jéteeYaﬁ%e thegemonsy
an absol ute vakeleqkl t&mecb\fé‘rﬁ?@apﬂwehﬁaw&e& thb sl b&&IndaBHd $QHEENPix¥R! ues.
5. The processing circuit of claim1 wherein the boundary val ue equais a

roughness val ue that indicates the roughness of the boundary. 6. The

processing circuitg of eﬂ% m&eé\%ﬁéﬁhggég%l%ﬁqm-é}g|nudes first and second

conti guous pi xel bfopks SposS osite sides of the boundary, the
first and second the irebge irdpdet ihirdlanddbapiopedkis hatihg réspestivandiuescordhird

. blocks. 7. The processin jrcuit of claim1l erein: the i e includes
Phr e and 1 odprdl BTN b b d e i g dhdgs Botiadaredhe Brstael nd the

conti guous wifbtrtaptkepBolifuciANRItS bHE oAfthd BEMRAIAEF WreSourRf bE $e Biotid and _
‘the 27 WO 00/.33243 PCT/ US99/ 28410 fourth pixel contiguous with and on theQ

same side of R #¥lindary as the second pixel; and the processor is

operable to reducgnhd PFO&@SE%?TS aplgtttﬁ\?ﬁééh ht%evcﬁ}‘fé'r%ﬁfgfgahg?er} tye{ uGf the

second pi xels by setting the value of I rst prxe e average
of the val udéstand sreondrgxelsdycond, and third pixels and setting the val ue

g‘;cggg, sgﬁgn?oufit )r%%gin;ce’(?‘\gl.vat@e Bbﬁ‘)eaf}{gtrggeﬁ e%fua¥ Poeth\éaslul“rlr?gf gffirsttr?aect];ir {ir%teS the o
value of the third pixel, a second factor times the vaiue of the first pixel, a third factor
times the value of the second pixel, and a fourth factor times the value of the fourth,
and

setting the value of the second pixe!l equal to the sum of a fifth factor times the
value of the third pixel, a sixth factor times the value of the first pixel, a seventh

“ factor times the value of the second pixel, and an eighth factor times the value of the
fourth pixel.

9. The processing circuit of claim 1 wherein:

the image includes third and fourth pixels having respective values, the third
pixel contiguous with and on the same side of the boundary as the first pixel and the
fourth pixel contiguous with and on the same side of the boundary as the second
pixel; and

the processor is operable to reduce.the difference between the values of the
first and second pixels by,

setting the value of the first pixel equal to the sum of a first factor times the

value of the third pixel, a second factor times the value of the first pixel, a third factor
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8. The processing circuit of claim1l wherein: the imge includes third and
fourth pixels having respective values, the third pixel contiguous with
and on the sane side of the boundary as the first pixel and the fourth

pi xel coWP Y3 with and on the sane side of the boundar yasushessecond
pi xel ; and ~J the processor is operable to reduce the difference between

t he val first and second pixels by, setting the value of the
first p?ﬁ%lsqéah%ﬁ‘et 'l‘[’ﬁé;egﬁ?ﬁ Breh andasiourth dader imgedhe Neluaafltue fafrtit, he
third perél, a second factor tines the value of the first pixel, a third
factor tines %he val ue of the second pixel, and a fourth factor tinmes the
val ue of the FHPLIe ValugPldhn peerpd msehasuablcghetshen séadifth fpttoelimaguak t o

t he sunvalfieaftihd tHirdf #<4I10k oy hjrd pixel, a sixth
fact or #aiciag{s t he \l/alpﬁecrjlb%cgl SH%e |tégﬁn%%l>€rleelu\?algg ge@%nfﬁrﬁl p‘l’(ﬁgtaogtﬁvtei” s the

val ue o dimet bisvahis ef thessatoad poiajhary dmelgath tact@stirhBe theal s1ge of e
fourth @unelpixd: afy The processing circuit of claim1l wherein: the imge
includes third and fourth pixels having respective values, the third pixel

cont i guous VihEtprasesson it beersbiRtostdecdihe difeRALE B Yeds tl?c—b@ ILE%%M | xel and
the foyit ncp-f h(;onlti uous wWith and on the sane side o t%e oundary as
the second  piXxel" PIERE AWdopraeea tsrdifferepse bavesn the ealues of theesatiohtier ence
bet weeraridhthirdadixeis b9f the first and second pixels by, setting the val ue of
the first pixel equal to the sumof a first factor times the value of the
third pixel ,Seilii@Eenlgaef te thirdeixel bqualabuiee ofimtd¥ea hintis taddriethes dhd hi rd

factor vaR& : I CT4US99/ 28410, tines the value of the second
el o mh@q“ﬁ%ﬁ%&%%ﬁ‘ Ot Haesvmeu@ﬁ@ ot e frslipixrl, angieversbt i ng t he

p* el , and a fourt

vaf ue, dfctohEmesdbadapiexafitheguabnd pixehanswmwdiniddibt finba ' he
val ue Qéurrﬂhgixtemid’n% pi xel, a sixth factor tinmes the va ue?%?&?'&g%???ést

pi xel, a sevent’h "factor tinmes the value of the second pixel, and an eighth

factor tinesetting thelvatueobf thBFoui9BixeNeiiqb the@BGm of a thirteenth factor
times the value of the third pixel, a fourteenth factor times the value of the first pixel,

a fifteenth factor times the value of the second pixel, and a sixteenth factor times the
value of the fourth pixel.

10. The processing circuit of claim 1 wherein the first and second values of

the first and second pixels, respectively, comprise respective luminance values.

' 11.  An image processing circuit, comprising:

' a storage circuit operable to store at least a portion of an image including a
boundary and first and second contiguous pixels disposed on opposite sides of the
bounda_ry, the first and second pixels having respective first and second pixel values:
and

a processor coupled to the storage circuit, the processor operable to generate
a boundary value from the first and second values, to compare the boundary value to
a comparison value, and to reduce a difference between the first and second values

if the boundary value is related to the comparison value in a specified manner.
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the processor is operable to reduce the difference between the val ues of.
the first and fourth pixels and to reduce the difference between the N

val ues of the sg6984;and third pixels by, setting the value of
pi xel equal to the/ sﬁzrn of a ninth factor tines the value of tth?ﬁrngﬁﬂo

pi xel, a tenth factor tinmes the value of the first pixel, an eleventh

factor tines the vapue e bﬂ?ce%@?@"@rcglt%?hl’arrﬂ"ﬂq \ﬁhé%ﬁi &rtehﬁgrfoeg% ridb rsabtlé“?o

value of the fourth pixel ttin e value 0 plxe equa
to the sum of resluchitpe ééfwwqaamtmeentthﬁé&ttahd sexbnd vafueshbthetouhdarkedl ueds

fourteenth fagrre%'iertthﬁﬁ%é ggmég ‘%luéhe first pixel, a fifteenth factor
I e pr xe '

times the val Ue of secon and a sixteenth factor tines the
value of the fourth pixel. 10. The processing circuit of claiml wherein

the first and seco \Y; thefrrs and se ectrvel
conpri se respecti vgjjl uﬁﬁ%ﬁ%ce\s/ Pg&deuy ! C'ﬂﬁnrﬁa rﬁr”gk‘?e%‘?"ﬁﬁ’r %H?teq“a s

conpri sing: athstdiffergece ibeovédn vReeirabhed tecHidovauas. | east a portion of an
i mge including a boundary and first and second contiguous pixels disposed

on opposite sides of the boundary, the first and second pixels having

respective first ayyl seggn rd&b§§h Pﬁ%f clafhd 1%9@@%&%%0&%& SQ q%ula?sma

storage circuit, the processor e to generate a boundary

the first andoyébbﬁtﬁ vaib e dizat lm@Ca@ﬁﬂaeeomg’lmelsewidmpouodam to a corrparl son
. value, and to reduce a difference between the first and second values if

. the boundary value is related to the conparison value in a specified

manner. 29 WO 00/ 38243 n@rpndse%:agmun bRclaifh@ 1pwRERFSIhednRigeGHEILJES fikdt Aind
11 wherein the gces§ is ogekﬂabl e to reduce the difference between the O
first and secord"y&CREEURYs pixel Haeiridisposed er opgosiyy sides of thmpoyndary. the first

conpari son vadiiesecbhd Jikés PEQRRSSENLiSHIseliih 1198 frFét%'nH‘s%%oH@%‘id’dk@ t he

boundary val ue equals the difference between t first and second val ues.
14. The processing circuit of claim1l wherein the boundary val ue equals a

roughness val ue thgf i Wé%@és%ﬁg cfrBHIQB c9§§n 9fy \Ltbgreﬁ-rot%gqﬁ yanc{lgecoﬂa%alues

processing circuit of claim1ll rern e I mage 1 Nc udes
second cont i gide fiptaed S@IC@G‘R@IWQpesmttwalyoppwn’se resminﬁrveﬂurhhenbeuatimsy
the first

17. Animage processing circuit, comprising:

a storage circuit operable to store at least a portion of an image, the portion
including a boundary and first and second contiguous pixel blocks disposed on
opposite sides of the boundary, each block including pixels arranged in alignments
and orthogonal alignments and having respective values, each pixel in a first
alignment of the first block being contiguous with a respective pixel in a first
alignment of the second block: and

a processor coupled to the storage circuit, the processor operable to generate
a boundary value from the values of the pixels in the first alignments of the first and
second blocks, to compare the boundary value to a comparison value, and to reduce
a difference between the value of a first pixel in the first alignment of the first block
and the value of a respective first pixel in the first alignment of the second block if the

boundary value has a specified relationship to the comparison value.

18.  The processing circuit of claim 17 wherein the pixel alignments of the

first and second blocks each comprise a respective column of pixels and the
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and second pi xels respectively disposed in the first and second bl ocks. 16.
The processing circuit of claim1ll wherein the first and second val ues of
the first and second pi xels, respectively, conprise respective |um nance
val ues. M@9A143 mage processing circuit, conprising: a st8FAEYSITISHEUI t
operable to store at |least a portion of an inmage, the portion including a
boundary, Lrst and second contiguous pixel blocks di sposed on opposite
si des ofmfﬂ%goh%)' H)é%{ray'gng%?@% ¥ tgﬁE”?trﬂﬂdﬁﬁcﬁ’@dﬂ'%%e%Fﬂ%ﬁ%%eq A alignnents
and ort hegedive abwvgfipballs and havi ng respective val ues, each pixel in a
first alignment of the first block being contiguous with a respective
pixel in a first alignnment of the second bl ock;.and a processor coupled to
the storage dorcuithe pgro€ediMLORIA of MARAP! @/hER%iHQH@P%? Iigfr}]np&#{g'%"f"[% val ue
fron1thg.valges of the pixels in the first alignnents o e frrst and
second BISOERE sacend Hipsdseachaommiisea (espetiive taw af purisande artlogenabnd to

d b first pixel in the first
ol e e eof 4 RORSRL G TRt REo T WReRt sob ol Bebiasrel sbmbiofer i n
the fir®xedd.i gnment of the second block if the boundary value has a

specified relationship to the conparison value. 18. The processing circuit
of claim17 wherein the pixel alignnents of the first and second bl ocks

each conpriseoa rEREYEHERIMGBIMM fPliddin e §vh@*’5‘*”m@?§9”<?'%%§{“§§%%{%és bl ocks

PCT/ US99/ 28410 orthogonal pixel alignments of the firs

each cofprPVeege difeneethejweeniheyalpes of the figels Thehefitst aighmgnioofrtbei t  of

cl ai m 1fisWBRIcRI dhdtlt X8 | s.of the first and secopnd bl ocks each
c@npri se a recspect Pge\'%rla(;e\%v %f;#]‘lf)l xgi S%Lg%gusl se'notPFﬁ'(SﬁtoﬂQInme&?Qg ea?qcé’ﬁ‘hents of

t he f[r@bcﬁnd second bl ocks each conprise a respective colum of pixels.
20." The processing circuit of claim17 wherein the boundary val ue equal s
an average difference between the values of the pixels in the first

al i gnnent of 2the The psdcdbimglciRA of BRimal MRRein (e 6RpRASIH VALPIXE! s in
the fir tﬁﬁl | gFﬁent of the second block. 21. The processing circuit of

cl ai m 17"GHRY & & qeragrpdieranse between; theyalyasefitmercastigupes pixeisdgdhe

di f f er esarfe ketHeBERal AR SF 1Y fi i | xels i

ort hogonagl al 'h(wne?lt i ;@fn t he f}r{rgsftlrgwlggg%?rclng?%geg%/%éfg'ggwg}c%&%rtvg%@beet ween
t he Vvalues of two contiguous pixels in the same orthogonal alignment of the second

block.

22.  The processing circuit of claim 17 wherein the comparison value is a
function of the average value of the pixels in the first block and the average value of
the pixels in the second block.

23.  The processing circuit of claim 17, wherein the processor is operable
to:

calculate the respective differences between the values of contiguous pixels
in the orthogonal alignments of the first block and the respective differences between
the values of contiguous pixels in the orthogonal alignments of the second block;

calculate a first-block average pixel difference equal to the sum of the

differences from the first biock divided by the number of differences from the first
block;
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val ues of two contiguous pixels in the same orthogonal alignnment of the .
second block. 22. The processing circuit of claim 17 wherein the

conpari son val i function of the average val ue of the pixe i '
first block ar\dgtoé{zng}/er age value of the pixels in the second B%@é’l%?gég‘ﬁo

The processing circuit of claim 17, wherein the processor is operable to:

calcul ate the res i i r es _between the, val ues of .canti guo
pi xels .in the or?%ﬁ%dé%tgléjg%(ifoglﬁgn@% lzag?ragﬁéa%qlId?{er%rl]%ecﬁq%q{éo ﬁ?e&ﬂgéj i’@tei ve
di fferences loéffeveenes frhe el ssesndibleandiligeo by thé xehtber bf titerendeBdaonahe

alignnments of thg i)?cq%nd bl ock; calculate a first-bl ock average pixel
di fference e&&gP ? Y%e sumof the differences fromthe first block

di vi ded by the numawiulte iikf-BloeReRerddeopkéiNgidd E§tal tOHRC KumDBE (D, 0633243
PCT/ US99/ 284|que cal c,u:éﬁte a second- bl ock average pixel difference equal to

the sum of t N BPEIeNdRedistitionk €iNisesdydhe mvndear oipiedred b fitsidleakiber of
differences from tdapulfEEo8tRLANKEK - N '

val ue equal to the sum of thg val uces.%g(%rgg%%lieX%[I)?)%@Ieseﬁuﬁpicﬁ@iéﬂ&ﬁ%ﬁg‘l%oﬁ%gg of
di vi ded by t Hee Rixgtsein the spreed bldck divided by $he blmbler otpikelslinthe second biock;
second- bl ock j,gyer age pi xel value equal to the sumof the values of the

pi xel s in the second bl ock divided by the nunber of pixels in the second

bl ock; and cal culcalceldthehe oomparisom vk ugualathetdifférofce bbivdenee grebweess
i ctor and the sumof the first- and second-bl ock

t he product off. aI,af !'Or st f a n : .
average pi xeP Pt Ipgis Aoddthg sm Rkthsr 88l @nd srcanddiesie vesrapixahdifetes casmnst
the first- amk prRERRAcDE @6KoRY RIS theRuff bf YR M@E'an%%ecgng-%&cwbgﬁ :
circuit of claim17, wherein the processor Is operable to: calculate e ()
respective dPPEEreiHEss between the val ues of contiguous pixels in the
ort hogonal alignments of the first block and the respective differences
between the values of contiguous pixels in the orthogonal alignnents of
the second bl ock; 2¢al clihetpeocessing tirduinaficainet agehqriekethedirbtessen teomerale t 0
the sumof the
calculate the respective differences between the values of contiguous pixels
in the orthogonal alignments of the first block -and the respective differences between
the values of contiguous pixels in the orthogonal alignments of the second block;
calculate a first-block average pixel difference equal to the sum of the
differences from the first block divided by the number of differences from the first
block; '
calculate a second-block average pixel difference equal to the sum of the
differences from the second block divided by the number of differences from the
second block: '
calculate a first-block average pixel value equal to the sum of the values of
the pixels in the first block divided by the number of pixels in the first block;
calculate a second-block average pixel value equal to the sum of the values of

the pixels in the second block divided by the number of pixels in the second block;
and

calculate the comparison value equal to the absolute value of the difference
between half of the sum of the first- and second-block average pixel differences and

0.02 times the sum of the first- and second-block average pixel values.
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diff ferences fromthe first block divided by the nunber of differences from
the first block; calculate a second-bl ock average pixel difference equal
to the sga%@I the differences fromthe second bl ock divided by the nunber
of differenté¥tyomthe second block; calculate a first-bPEENSENBEHYe

pi xel value equal to the sumof the values of the pixels in the first

bl ock divi degsby t of .pixels in. the first block; calculate a
second- bl ock averggga%#ﬁ%?gogfﬁgmgaté?"?35twger' herPrPRESIRYI'L8REGP!e t he

pi xel s itd the second bl ock divided by the nunber of pixels in the second

bl ock; and ate the c rison value equal to the absolute val ue of
the differ en%gl&'gg’é‘?\kﬁ%ﬁemcﬁ%gﬂeﬁ@‘%‘*&rﬁ%weﬁﬂ@w valyes o pankemondirisck

aver age iptheebribddren angeseanrds i - irsts=
secong- péhr)ock avegr aggﬁgigxele 'valfdggg%églév%sao%%qgggﬁ %&%@6@%5%&8&%n The
i

processi g VRHER G £ JEPUR PrA'3 in e dhogarieé aligrinests af the separdabibek; t o:
Dxel's i paCOERee AN ep Rk PSLRRRII IR IRENS BRI YRR <At Pocpe

pi xels in'the orthogonal al i gnnent's” o t'H8 respective
di f f er edEEse@siEXn the Hissthid alegivioed byrthi guontserpif Xefsehded fiemans pgonal

al i gnmegfsk0f the second block; calculate a first-block average pixe

di fference equal to the sumof the differences fromthe first block

di vi ded by t balculatbarseebnditidel nrsege biemyiiaeeide : ate a
second-gmock ave}Eﬂa'ﬁi'Rgiﬁégﬁ!’ differ eﬁ%eebequal to thezqtus%% gfek%ﬂg%#gl}gffer ences

from the' Seehid bR Iosl dividedhbwites nember of dfferereesfiroomittene  second
bl ock; setand ibex:a first-block average pixel value equal to the sumof the
@lJues of the pixels in the first block divided by the nunber of pixels in
the first bl eRIkUIatnp dinsthlecinaseragapirsll vakiesamrahgethei steh of adigalesdial to the
sum of  frRenivak e thefi I X ,h. the second bl?gck di.vi ded by the nunber
of pixels'in the se{':ré‘ﬁﬁtb?f‘g}é)ﬁ;%g%?%[‘a efﬁgp'&(S 9 frstPiedke” equal to the

di fference betlowete alseconodimtk Dleragd pixel vaI0asHaBt toand sLREoSMEWAfLdsST
differences and the product of a

HEME T I T E EEE
calculate the comparison value equal to the difference between the product of
a first constant and the sum of the first- and second-block average pixel differences
and the product of a second constant and the sum of the first- and second-block
average pixel values: and
to reduce the average difference between the values of the pixels in the first
alignment of the first block and the values of the respective pixels in the first |

alignment of the second block if the boundary value is greater than the comparison
value.

26.  The processing circuit of claim 17 wherein:

the first block includes a second alignment of pixels including a second pixel
that is contiguous with the first pixel in the first alignment of the first block:

| the second block includes a second alignment of pixels that includes a second

pixel that is contiguous with the first pixel of the first alignment of the second block;
and

the processor is operable to reduce the difference between the values of the
first pixels in the first and second blocks by setting the value of the first pixel in the

first block equal to the average of the values of the first and second pixels in the first
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average pi xel values; and to reduce the average difference between the

val ues of the pixels in the first alignment of the first block and the

val ues of the respective pixels in the first alignment of the second bl ock
i f the boundar®WOVePizd3is greater than the comparison value. 26PCT{E9/28410
processing circuit of claim17 wherein: the first block includes a second

al i gnment of pjxels inpcluding a second pixel that is contiguoys with.the
first pixel iﬁloﬁgé"‘”f’itgétf”%{lﬁ"tfﬁﬁ’e%‘@ seoph 8lggkand ftﬂt%%}het}ﬁ%'“gé’gﬁ}?dwﬁhé’i?q'”
includes a segrRébcahtBEBNEqR] tPIRELAEraGabf N0l dhiasoRtheaRonsixelnh Xied filshadlocls
contiguous wth the first pixel of the. first alignnment of the second

bl ock; and t#Rd Hioolss apd sesorshrixglsiie theseendciothe difference between the
values of the first pixels in the first and second bl ocks by setting the
value of the first pixel in the first block equal to the average of the
val ues of the firs27.andTbepomgspingdlirsuit nf claen flirrwherg®: WO 00/ 33243

PCT/ US99/ 284 10 D)o d the first pixel in th ecand L
t he val ue of the f{th{rsgﬂ?E'f 'qcﬁjdeﬁkﬁesegcé)ggr?&'gﬂmgiOgaﬁ(g& 'P(Q)!Ut(:aﬁg %\gg?iﬁ‘ﬁet‘%
the val ues of thatés ¢antigiuops xeth the fitdgidd! irsthelfirocklignamehttdiehé firss biackd second

pi xel s in the second bl ock. 27. The processing circuij of clgaiml7 wherejn:
the first block in@ﬁﬁégné bleckdReludet grirertd aflapmgal of F?-'h%'lsdaﬁgH%'“a Rl

pi xel  that i gixepikt gwﬁaggbwmh%é hfs$5>ix@i mheifrasttél@lnhhémtofmé GECERTY bRIck;

the first bl ock; the second bl ock includes a second alignnent of pixels

~including a sééénd pixel that is contiguous with the first pixel in the

first alignnent of threglﬁgéggs%m?s ?é@r%%ie toqggu#é]ﬁhegéiggfe??:r ;t%ét%egn?ﬁépglﬁe%ébf the

~reduce the difference between the val ues o Ixel's int

first and secfinstlpixkizckshbyirss antiisegohdielocht bg seftirighefvalse opthedirsi pixehien the
first "block t la] ,the average of the values of the first and.secon .
i xel s i nt nefter BLEEk 6 A6ua Gha e et otlfs ¥AluER ariae 1ol and icotR Po&TS M fhe st
resul ting val piecebnt estfpix&ltin FieXedcdnd biddke stdrirgf thBlreskiting &atuends thBdirstabive! in
of the first pixel in the second bl ock to equal the averag}e f the za‘% ues
of the first (MR blackhgelting dhe pplgeie! irifieheixel ishe £7¢O8E S 'piSases 1%,
t he Sgcglnd tk)l BbdragaRf thbUalUeg Jflike fiRt Hlxel MOthkalrtenI8fk BRE theé Fissk aPbxekohd the
secon ock.

pixels in the second block, and storing the resulting value of the first pixel in the

second block.

28.  The processing circuit of claim 17 wherein:

the first block includes a second alignment of pixels including a second pixel
that is contiguous with the first pixel in the first alignment of the first block;

the second block includes a second alignment of pixels inciuding a second
pixel that is contiguous with the first pixel in the first alignment of the second block;
and

the processor is operable to reduce the difference between the values of the
first pixels in the first and second blocks by changing the value of the first pixel in the
second block to equal the average of the values of the first pixel in the first block and
the first and second pixels in the second block, storing the resulting value of the first
pixel of the second block, changing the value of the first pixel in the first block to
equal the average of the values of the first pixel and second pixels in the first block
and the second pixel in the second block, and storing the resulting value of the first

pixel of the second block.
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28. The processing circuit of claim17 wherein: the first block includes a
second alignnment of pixels including a second pixel that is contiguous
with the first pixel in the first alignnent of the first block; the second
bl ock i RC? B42L4X second alignnent of pixels including a secomdoogsixel that
is contiguous with the first pixel in the first alignnent of the second

bl ock; and the processor is operable to reduce the difference between the
values of the first pixels in the first and second bl ocks by changi ng the
val ue of the29.irsa pphoedkingneitdd®, csifgMifg P! ock to equal the average of the
values of the first pixel in the first block and the first and second

pi xel s in t HeSORINATHIGRErakledpistryetahdeast aupartiog of ah ireagé, thaeodtiiost  pi xel
of theisgoemd Hbeckda i he first pixel in the first

bl ock to er_nﬁal_ t he a@%&gglé%ﬁc{]%ec\é\gg%%ggbg “3 HE‘QW'PQ?S Eﬁc Jeqcp%fhd second

pi xel s GAROEHE sfdassf the bekndamdthelfes sambsecqicisbckeadieinerumitfrdabestve and

storing; i .t first i xel of the second bl ock. 34 WO
00/ 3322’§§t%g ig%gﬂggés}%?ﬁéfggSgg"xiﬂgg}a&f@sféﬁsﬁgcé‘f% ¥alves. eashprixdimihe skt or age
ci r cui Bligpeeabbéthedirst bivek btingamatigao@OWith Aredhedive fRGEN tﬁ%ﬁrs@ort ion

i ncl udi updary and . first and second conti guous pi xel ocks | ocated
on opﬁﬂgf‘?’ee%gf’g@@ %Tcof‘aé)'%‘ﬂﬁaﬁry, the first and second bl ocks each

i ncl udi ng r espeeésdt coliblest Al i xe havi n
respective va‘?ﬁes, ee;:ghbﬁiﬁxtgﬁﬁigﬁﬁfﬁggﬁr?%'t‘q{?%ﬁ?%%ﬁg%&8 rahsgetoqunbe?at@ ock
bei ng BdRUNGEA¥aNE oA theevplues bitheppixelk i the hiet Biigrihen®@l dfgReTRRL apf t he

second i r r,.coupled to the storage circuit, the processor
abfg‘g?g&S'e"%gg'attge"%"ﬁ%ggaﬁ%éﬁ’&%” dé‘hfer@n? FRBPGHPRR¥alE. andtpiedsice in t he

first aldigeneane bebieemthe valaé obBdirstyRenns i ﬁ’r%k&i%r{rﬁeﬁtmﬁé first Bfpdpoundary
di f e

val ue ri.son value, and to reduce a difterence tween the val ue
of a f%ﬁ%?h%?%? G ERBePYYEirstpixghindhe fiett alisement et thel ssiend dlatkiiftheval ue
of a respuddyvalld has ampeelictNeaiondip 1 1l toMBERlorPfalibe second biock if
the boundary value has a specified relationshlip to {He conpari son val ue.

30. The processing circuit of claim29 wherein the boundary val ue equal s

the m ni nunBof aTRE pHedasH ' ol vera di fference between the
val ues,, of the pixels i nst k?;&%u}{?tfléa 'r?’gznénglﬁfsﬁedfﬁ tl%%gow Yy VB[L&GF(Q%%I t he
val uestiErmini@upEei etedaternpngd valuerorithe dverade diffegmeeriet@bed fige sa1088d

bl ock. of the pixels in the first alignment of the first block and the values of the respective

pixels in the first alignment of the second block.

31.  The processing circuit of claim 29 wherein the boundary value equals
the minimum of a constant or the average difference between the values of the
pixels in the first alignment of the first block and the values of the respective pixels in

the first alignment of the second block.

32.  The processing circuit of claim 29 wherein the boundary value equals
the minimum of a predetermined value or the average difference between the values
of the pixels in the first alignment of the first block and the values of the respective
pixels in the first alignment of the second block, the predetermined value being a

function of quantization performed during encoding of the image.

33.  The processing circuit of claim 29 wherein the comparison value is a

function of the greater of the average difference between the values of two
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31. The processing circuit of claim29 wherein the boundary val ue equals,
the m ni num of a constant or the average difference between the val ues of
the pixels inthe first alignnent of the first block and the val ues of the
respective pi x®los00i3a243t he first alignment of the second bl ock. FET/HIPE/28410
processing circuit of claim29 wherein the boundary val ue equals the

m ni mum of a predeterm ned value or the average difference between the .
val ues of thEOPIKEIUs pixels et first blark qriibRe mthﬁéf%tiar“g?msr‘b%i%a QAR PPTRL 0

val ues of thetﬁ@éﬁﬁﬁ%ér\(@an@itﬁ‘@é%r!agetdﬁ?erfeh&éb_eﬁbéegﬂﬁ%mal@s sMRoRBe§dous
bl ock, the predeterm ned value being a function of quantizatiaon perforned

during encodi RixedT intthe segaae blogs, omhpixgt clbedirpiglignmeant ergng|Rirghipthe
wherein the cg ! Mahue is a function of the greater of the average
di fference bet %@f’ld tgﬁée\h v§+ti1es of two 35 WD 00/ 33243 PCT/ US99/ 28410
contiguous pixels in the first block, one pixel in the first alignnment and

one pixel in the glignpent, and.the average diff e e
of two conti guous gﬁi xe@eiﬁrﬁo?%sémsge%{)c#& Cf)flc‘g% é%@ﬁ%?)%&h@ﬁ%&%o& !Lr%@@#aki?é
al i gnnment andtmne pixel in the second alignnment. 34. The processing

circuit of claim 29, rein the processor is operable to: | cul gt e the
respective differ eﬁélé\é\'lpag%fr\‘ﬁe@‘?p?ﬁ Ve\/‘%ﬁﬁ@é“:@ﬁ er\@eﬁ?ﬁlﬂ %?'Fﬁs Pﬁ@"e. 9'1“%%{'? the
al i gnment of ?if’ﬁaﬁi{;ﬁﬁknpb?ﬁ% fﬁ&&l%@ﬁar‘éﬁﬁ\’%%lﬂ%sto'?‘ﬁwéz%ﬁtfgﬁ@@é‘%iﬁé‘l%ﬁ'tﬁe's'écbh@

second alignment of the first al cul'at.e the respective
di f f erences betigrmant didthevisstideckodind halcpiatethe raspeniive diffstenger detwern tie t he

second bl ock angd t | ues .of,, t he onti quag i 0t
al i gnnent of teﬁ@egteg)gé%egpgfe%c@;th%ﬁfsé&ﬁ%?@eg%l?r%se&%%h?:f'é;c\yeér}gjg@(gg\%ﬁ}%s of the O
di fference equahtiunushsixslgnn tife dnddilighereanetshd sedoridigotk;r st bl ock
di vi déd by the nunber Ff differences from tgeda;fi rst bl ock;, cal culfe%ée a
t f

second- bl ock aver aG@'°HI3@ P ftisthlaricArerags pix ¢'RBCS GAFBFOHAR SV §'HBF ences

from the secoggfdbbmsds flbmitHe drdbiddreditideBeyy Bk Minfb@r BerFehcadrémane Jiestond
bl ock; and cal cul ate the conparison value equal to the greater of the

first- and seBlif: block average pixel differences. 35. The processing
circuit of claim 235cWheE 8l dacbhE B RCART e PP RFHAG® equal to the sum of the

differences from the second block divided by the number of differences from the
second block; and
calculate the comparison value equal to the greater of the first- and second-

block average pixel differences.

35.  The processing circuit of claim 29, wherein the processor is operable .
to:

calculate the respective differences between the values of the pixels in the
first alignment of the first block and the values of the contiguous pixels in the second
alignment of the first block and calculate the respective differences between the
values of the pixels in the first alignment of the second block and the values of the
contiguous pixels in the second alignment of the second block;

calculate a first-block average pixel difference equal to the sum of the
differences from the first block divided by the number of differences from the first
block:
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to: calgulate the respective differences between the val ues of the pixels
inthe first alignnent of the first block and the values of the contiguous
pi xels in the second alignnent of the first block and cal cul ate the
respect i V& B3R ences between the values of the pixels incthbeydisesit
alignment of the second block and the values of the contiguous pixels in

t he second akggnpgnt of the second block; calculate a first-block average
pi xel dif f er 6ACE EHHHECPBIDIRCKsIMeI e RiNe! difiefensramestd theraurmef frier st bl ock
di vi deddifferetesrarhene ebcshd bR f { | : Ks 138 00/ 33243
PC1' / USQ9/ 28410 cal cul ate a sEggﬁﬁggﬁgggkéggpé%ég%yggkgéF?pQPE e equal to
the sunPofOth¥CH f3st ences from the second bl ock di vi ded by the nunber of

di fferences §g lock: and, cal cul ate the conparison val ue
equal to the sgmmbf)%%g %ﬁﬁ@%ﬁ?‘eﬁ%ﬁ%‘?ﬁi’ﬂé%lﬁl%é'i”ﬁ"e&e?ndfs{ Redsiegaieed of a
second Y#eaendrthe peedualofie sendnt beedp@atined 9hidengnd iHejrea@Or §ReRRM- bl ock
aver agegpi ég&oncg_&f egences. 36. T&e processing circuit of claim?29, wherein
the processor I's 85 PYBIage Rixel diteieRegsat e t he respective differences

bet ween the values of the pixels in the first alignment of the first bl ock
and the valu of_the contiguous pixels in the second iw alignnment of the
first block #hd cHT%BT%@?éSlﬂeClﬂCe'épédainvégdWhé&fiBMwsrdl@%weia dpeaplyal ues of
the pixels in the first alignnment of the second bl ock and the val ues of the
contiguous pixels in the second alignment of the.second block, calculate a

first-bl ock G@etalgdhpirsspedtive fdifferaceesassidechané valeeBithe bi@Is iqithéer ences

fromt f di.vi ded, by the nunber of differences fromthe first
bkBYyk; hgsétl%I{?I%g?éeﬂtg?ﬁeecﬁrﬁhggﬁcéc%dée%r"ab@srﬂf*'éﬂ’ capfiguausrivxelefuttle seronde sum

of =1 he alighfrfesit enthesfirk t btk BAdSRERINM PRl . of
di ffei%i:es frsm t hcl?; ir}sﬁ%co_nd bl ocl|<; egrl'néd) Cé)%gm%tﬂgfeﬁ’ %éeggbrf%gglgggr‘\e val ue

equal t'S U.§sp?ftf e Pp 8 firglealigneant of e serondftiosit andittte eslaendf Bleock
aver ageoptigedudlbpikERriBNEESecond alignment of the second block;

calculate a first-block average pixel difference equal to the sum of the
differences from the first block divided by the number of differences from the first
block;

calculate a second-block average pixel difference equal to the sum of the
differences from the second block divided by the number of differences from the

second block; and

calculate the comparison value equal to 8 plus 1.4 times the greater of the

first- and second-block average pixel differences.

37.  The processing circuit of claim 29, wherein the processor is operable to
reduce the difference between the value of the first pixel in the first alignment of the
first block and the value of the first pixel in the first alignment of the second block if

the boundary value is greater than the comparison value.

38.  The processing circuit of claim 29 wherein:

the second alignment of the first block includes a second pixel that is
contiguous with thé first pixel in the first alignment of the first block;

the second alignment of the second block includes a second pixel that is

contiguous with the first pixel in the first alignment of the second block; and
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.37. The processing circuit of claim?29, wherein the processor is operabl.e
to reduce the difference between the value of the first pixel in the first .
.alignment of the first block and the value of the first pixel in the first
alignment of YRYS¥And block if the boundary val ue is greatef TR
conparison value. 38. The processing circuit of claim?29 wherein: the

second al i gnnent gf j Q i ncl.udes a second pixel that is

conti guous W th t@ee ér?rgg%éog%g?ériaﬁﬁt ‘ﬁeregV?%ﬁ”eaij'i?fﬁfﬁ%ﬁtboeé‘?’e??\ih? Y3IuEs BIf 4ok
t he second aliisgpixelstindhe fire atigomedishdfakk fiigcinddasoad desmadypi xel that is
contiguous with t first pixel in the first alignment of the second, bl ock;
ona 390 00/ 3304 0Rck ITkuB 58 a1 bk h ?ﬁ‘{)é%%%’éfl pl?%'%%iﬁ%ﬁq%g{%ﬁ@@&ue@t%e
di fference birsneed sebend pixdRsinhe EB&ond hibsk, pi xel s in the first alignnents

of the first and second bl ocks by, storing the values of the first and
second pixel s i n tHE"Y yalhe Gé Kieatigt pireliRdhe firstdlockrrnusd tothe pimef 8 first t he
second bl OCkval§@'ii}ﬂe%9héh/%ldéaéﬂﬁe%fec%‘c?pfxla[ ﬁhh@'f?ﬁg'blé& e S t‘?r%% qAgal
to the sumof a first value tines the value of the second prx&l i n the
first block,valugetthediretpinel inithedirativdocky althied obluehiends thetvapieef therfirstpixel

first block,, ' ' lue of the fi ixel in th
cecond bl ook ndeE N Bk, TR0 TR Ceiehinzaaue ibeRetans stk ey ¢ ne

second bl ocksecaind tdedlt, iang t he val ue of the first pixel in the second bl ock
equal to the sumof a fifth value tinmes the value of the second pixel in

the first block, ¥WIGIP \Alreef tenfirst pike ivthe spaendblockeappltorthpiskel of a the
first bl ock,fitth eAYERkIEsUALYEIId Hﬁﬁe%gﬁoN@h&%lﬂ{ thE6 tfsuga{ PRl vk filSs
h 6 val ue of 1he d p

the -
second bl ock, and an eighth value tinmes t second pixel Tn O
the second biadekof e firstieixglriodles Sistglaskr 8 sieveofh i tim29 tineakeiernf théérst

second al i grHIRAL; i ' u .second pixel.that ig . .
contiguous wth '? ﬁie %lg‘?osr{d %?%Ibgq%ﬁéﬁﬁ h@%h ?%lfsjeaﬂ] lﬁ@nvt ki 0{ tﬁg %%CPea pﬁf%d'ﬁ;
t he second dhegenend bisickt he second bl ock includes a second pixel that is
contiguous with the first pixel in the first alignnent of the second bl ock;

and the processor is operable to reduce the difference between the val ues
of the first piX# s iThepreckssisy catiigonaains 20fwidreinf i rst and second bl ocks

g%d 2;5 oring the \{ﬁés ggéor% aﬁghnemé%trgftthgﬂpst%?c?c?(ni(rj]cﬁidéselasseicgné r;])?xefl itha?ttis bl ock
contiguous with the first pixel in the first alignment of the first block:
the second alignment of the second block includes a second pixel that is
contiguous with the first pixel in the first alignment of the second block: and
the processor is operable to reduce the difference between the values of the
first pixels in the first alignments of the first and second blocks by,
storing the values of the first and second pixels in the first block and of
the first and second pixels in the second block,
setting the value of the first pixel in the first block equal to the sum of a first
value times the value of the second pixel in the first block, a second value times the
value of the first pixel in the first block, a third value times the value of the first pixel
in the second block, and a fourth value times the value of the second pixel in the
second block, and
setting the value of the first pixel in the second block equal to the sum of the

fourth value times the value of the second pixel in the first block, the third value times

the value of the first pixel in the first block, the second value times the value of the
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the first and second pixels in the second bl ock, setting the value of the
first pixel in the first block equal to the sumof a first wvalue tines the
val ue of’ the second pixel in the first block, a second value tines the

val ue of WPHE3FIst pixel in the first block, a third val uecrio®s the val ue
of the first pixel in the second block, and a fourth value times the val ue

of the i n second bIock and setting the value of the
first plﬁgtrﬁpgl R ¢ %SE%%‘EI'OB'T GO b disst vadia hiwes uhe ohiuehs (hé sacomd padelie ti mes

t he valummeoéed:dmj sieelnd pi xel in the first block, the third val ue tines
the value of the first pixel in the first block, the second value tines the
val ue of the 38 WD 00/33243 |' CT/ US99/ 28410 first pixel in the second

bl ock, and ulge fljrpgprg@é% bp&ﬁt e iﬂ?ﬁ%?"h%rr%{t he second pixel in the

second bl ock 40. The processing ci " 'm 29 wherein: the second
al i gnnent ofh @ﬁ@cwq‘ghgrmhentk:f:mmds@ca@cﬂ@@é&da@,@s%dbl}@tga%. contiguous

with t n,the fi ~alignment of the first t he second
al i gnmgﬁ?tf'o (ﬁ}t%\;eah@gr&:eonat BKGR tgﬁif%éégn@eé‘é@f)ﬁ@ fsitelpck:hat is conti guous

with the fi tfﬁsqu(Eiall midhe of {HeS§ nd ck: and the
procesgor,. | lﬁ%pvtgl[r”ﬂg_leg{ﬂ’o reguce tehcghg?if? @ﬁg@etg&esg%%‘%t%’ég\}ﬁ%és of the

first prxel® & HirsRixgd| ip dnerfirst sll@ﬁmehtaotfuhesaecand bsR&OBAd bl ocks by,

storing thet R i C i xe in the first block and of
the fi gst arﬂecgﬁ%r s BE?;ab?i{Otrﬁgg%%@b Q%EF%’?;%' g%‘é’tetef‘ribet\’ﬁ@%eﬂfd@eof t he

first Piskeixelsinthe f'|r$hﬁ§lgnlhmeotskofetqelaﬁsttamdtgte;o'ﬁurm@(ﬁksOQ)ZS times the val ue of

the second pixel g pié ||rst P{ rﬁjg 35 times the value of the first

p el in the firSt BPock, > 0°28" therfist e seepnapispistindne firss biquikad iaf t he
ond bl octhe faadand)sé_gbrtdlgmasnrh@]evsagd&dog,o&@e second pixel in the second

bI ock, and g %gr}% Iue of the first pixXel in the second bl ock equal

to the sum v ‘Wgswwabnéhetﬂm lﬁ@@@mﬂqjltame sumtdi® 5 r st bl ock,

0. 26 ttlmtnéwealmaldj%é)éeécih% Aikish PRI b0 GHEStDlack ) i Sp 41 s he

valueofthhb§tb i xel in the secon
t he sé’cé‘?{dng bEIN Ctkh@ 2§ét§l@ﬁﬁjtne|muxe 4lltheTiivst pixeCieshe RgcEhd Bltick, @hdcl ai m 29

V\herelmMIth&;ssm@q;mh rst k includes a second pi xel
that is c'ontl guous %bf{tﬁ@@%%?&’bx@m thglsqcﬁngﬁ’go?’i 28 al i gnnent of the

first bl ocléelting the value of the first pixel in the second block equal to the sum of 0.14
times the vaiue of the second pixel in the first block, 0.26 times the value of the first

pixel in the first block, 0.35 times the value of the first pixel in the second block, and
0.25 times the value of the second pixel in the second block

| 41. The processing circuit of claim 29 wherein:
' the second alignment of the first block includes a second pixel that is
contiguous with the first pixel in the first alignment of the first block;
the second alignment of the second block'includes a second pixel that is
contiguous with the first pixel in the first alignment of the second block; and
the processor is operable to reduce the difference between the values of the

first pixels in the first alignments of the first and second blocks by,

storing the values of the first and second pixels in the first block and of the
first and second pixels in the second block,

setting the value of the first pixel in the first block equal to the sum of a first
value times the value of the second pixel in the first block, a second value times the

value of the first pixel in the first block, a third value times the value of the first pixel
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t he second alignnment of the second bl ock'includes a second pixel that is
contiguous with the first pixel in the first alignment of the second block; .
and the procesge oo §L8perable to reduce the difference between

of the first plxefs I'n the first alignnments of the first and sﬁgﬁwﬁgg%

by, storing the values of the first and second pixels in the first bl ock

and of the fiinstheardoneomutt, phael Buith vhRR HREONTL bhigslkr tr@egédoﬂeﬁr@.M%éle
of the first pixel Jttﬂgthe first block equal to the sumof a first value

times the val ug®dt s &Gnd pixel in the first block, a second val ue

times the value ofsétheg frie §é|u9'0¥%e i %&%l fl té%_ls/e égg}s%gfgﬂblfﬁ) t%’w | U8 L ges

the value of the first pixel 9 WO 00 3243 e second
bl ock, and a f#th yalugdimes thﬁrr@éuq pletheslegendipixeten ‘Et@cfoatblpclxei sikih tdiee tumes the
second bl ock, f e first n e sec

equal to the s\ﬁér]ng%?)?gﬁé @?%%ESI Mﬁhgﬂ S|(?rl?\!f;s A Sevgf‘hrgv%’fje gségﬁéfﬁg‘ ﬁr’}jQF firﬂ
the first bl odkxeldndhxsbcaral bleck,aresait bigghtvabie hed e fdiisbf @iexéécohﬂ Aike in
first bl ock, Y %gb ue tines the value of the first pixel in the
second bl ock and® )g/%f‘h 04l ue tinmes the value of the second pi xel in

the second bl ock: ahd rirb\@sl@bﬂ%e@@?ébl'esloqeéﬂ@é’lr?e GifeleRE Gl den %%}Lﬁ?@é‘%‘?the

bet ween the values of the second pixel in the first block and t
pi xel in the SECORE AN Ekthenist Blorkanddhe fiest pixe! fire thenzasobd bimsnane realugedhe

of the second giff&@nhck® LS
bl ock by, setting t he \(/agvﬁeeéof rﬁ%ggsggtlgr?%cbg%”(é“ Lhe fécpgg bé?%}(cﬂndeklﬁfrs
the sum of a @ixgliintie {rst blockibyes t he val ue of the second pixel in the

first block, a tenth times, the va ye of .the first pixel in the first
bl ock, an el eventh va?(rﬁJ M?lvalue fhtbevsﬁlcﬁg é’f'xet'hrén" {"rsé'f"oﬁ'f favaiity thesuapebnd

bl ock, and a thiwthfvdiue/tinas the nalﬂetdmhelaéctﬁmd)blxbhiﬁ te Gt it alteninvAIlE times
second bl ock, tﬁ@ga et tfl in the second bl ock

the.v of t he second pi xel
equal to the sumo t{']% ?Stté’@?‘?? 518t blogesan gleveainielusg timgs theyalve ofithel

in the first lﬁlks:tqj(xelan treugd epit bl W% ez W EmB
in the first bI ﬂk?lc( a fifteenth S/ZI ug ti rregﬁt rfgmvgaﬁg%o&&alﬁg%{F¢ést§écﬁx8(‘?kel

in the second" ﬁec%ﬁiob’%d%l%E‘Feenth value tinmes the value of the second
pixel in the secondeblngake vake diMRe REESAS BINE irfiHeCH on8bidtkA dlA Yo ML EHYf

thirteenth value times the vaiue of the second pixel in the first block, a fourteenth
value times the value of the first pixel in the first block, a fifteenth value times the

value of the first pixel in the second block, and a sixteenth value times the value of
the second pixel in the second block.

42. The processing circuit of claim 29 wherein: |

the second alignment of the first block includes a second pixel that is
contiguous with the first pixel in the first alignment of the first block;

the second alignment of the second block includes a second pixel that is
contiguous with the first pixel in the first alignment of the second block; and

the processor is operable to reduce the difference between the values of the
first pixels in the first alignments of the first and second blocks by,

storing the values of the first and second pixels in the first block and of
the first and second pixels in the second block,
setting the value of the first pixel in the first block equal to the sum of a first

value times the value of the second pixel in the first block, a second value times the
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t he second alignment of the first block includes a second pixel that is
contiguous with the first pixel in the first alignnent of the first block;
t he second alignnment of the second bl ock includes a second pixel that is
contiguoMg ooiZ3t he first pixel in the first alignnent of rchassecsand bl ock;
and the processor is operable to reduce the difference between the val ues

of the fBI eIs | the first alignnments of the first and second bl ocks
by, stoP’F Hae 6? tRenfirst blpslt. sfivrdo@dehimesae yajus afiiee fifst 8txebl ock

and of it e $ddosi tﬂ@ék U bupih* el hrﬂe& hﬁ‘e ssnerzﬁ e 98&‘@?0‘35&%#1!?9% he val ue

of the first BIX6| inthe first block equal to the sumo irst value
times t RBCQRM Blockiarthe second pixel in the first block, a second val ue

times the 4QeMQHQ9é 33%{&30?@@ %{] (:H% sec%‘lwd‘?:ho)gl%é(? 1 i oﬂl%e!ng the

first block ue tines ue o plxe
second B?Loﬂkvalaﬁd"mSﬂbaMaﬂua/eﬂ the secoms ptMnMﬂbU&stCﬁlothdheerom@blm Xalesi n t he

second f the first pixel in the second bl ock
equal t(a%t ﬁéﬁt@%@ﬂ\ of" { By o E? 'ﬁSt\li’i‘?%et he feondhwlfe timesdhevabiesidBad pi xel
in the fiist pixeblrobls, set:bﬁdtbhtb&(daM@'th@fnts't WBRie tirhés M‘@%ﬂu@fofimﬁsé(doha l,[:g‘xel in
the first bl ock, the second value tines the value of the first pp in

t he sectShtdeb?et‘i@R bigrk: 8AE first value times the val ue of the second p| xel
in the 5900“%%%@5556?0%05@%% Rf fean@b tnéd% éér?cf t?e&ve@ln g%cgh’%h%}ﬁ |qf:‘$;§:nce

bet ween the val ues of econd i xel

pi xel i segdns B'eelondhoﬂc&tIblmkdartd)theefdmmxelha thelséd@rccbioek etwe esuddagheal ues
of the | S8Co bl ock, and, .t fir i xel he first
b{ Bk b?/%g teﬁ%%te é%/%lpg erO S%%Qf@n@l'xﬁ'i'theFﬁ %bﬁcf@f‘dﬁm%%[@tequal to
t € sunpikl ia thélﬂfstrblmadlnm tinmes the val ue of the second pixel in the first
bIock aslxt%valuet th ue of the first pixel in the first

e
bl ock, a severthd ¥ ﬂ%‘”?l e ?ﬁ@%ﬁ”ﬁ%l igithe fiest tieciceaysl i@ the st réasecond
bl ock, fittdvalneingd ihewaliLe of iHgBsecbh8 p\(?élli'ﬁtl@ f:rEhSlo%ﬁCQ'aﬂaeré(l b tibfes th

second bIock and setting the value of the second pixel In Ee secong bl ock
equal t Al ot hisditst Pixehia e dhstiblock. @esavemtds valke tm&ajleleofahumef thedostd pi xel

n the Trror ‘or aekond RRCRFYRRE sidfah vAnle iR W2 Y skt el i
the seddfcaspodiblocknandhe fifth val ue times the val ue of the second
setting the value of the second pixel in the second block equal to the sum of
the eighth value times the value of the second pixel in the first block, the seventh
value times the value of the first pixel in the first block, the sixth value times the value

of the first pixel in the second block, and the fifth value times the value of the second
pixel in the second block.

43.  The processing circuit of claim 29 wherein:

the second alignment of the first block includes a second pixel that is
contiguous with the first pixel in the first alignment of the first block:

the second alignment of the second block includes a second pixel that is
contiguous with the first pixel in the first alignment of the second block: and

the processor is operable to reduce the difference between the values of the
first pixels in the first alignments of the first and second blocks by,

storing the values of the first and second pixels in the first block and of

the first and second pixels in the second block,
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pi xel in the second block. 43. The processing circuit of claim29 wherein:
the second alignnment of the first block includes a second pixel that is
cont i guous WItQV(?rQ 32|;{st pixel in the first alignment of the first bl ock;
the second al i ghrelt>28t the second bl ock includes a second pi xel PEHYEE99/28410
contiguous with the first pixel in the first alignnment of the second bl ock;

and the processor i rahpl the. difference between the val ues
of the first pixel § ?ﬁ%ttﬂg %IJ ?“ :fl@sﬁ o be TrREPlpek eaualda ta emP i 86k

by, storing t hém%sl theyabfe vhibefsersid pixe! mesefigstided, 9. 3imBe tlfué 0§ﬂ'ueQJfQﬁ§ first
and of the fi esfegotﬂ ’P%F in the second bl oc 41
PCT/ US 99/ 2841 tiHge Iges e valup s the st pixe! tm@efserceﬂdmmk and

equal to the sﬂm%ﬁmésﬂ&balue%ftﬂﬁsé/@déi 24} xt]h?e 5&91%'90 R n the first
bl ock, 0.35 tines the value of the flrstep Ellxe |§n t he ?{:rgndbl ock, 0.26

times the value of tRUNBitheyalye.aifhe first pixe @dbﬁdsebboeIbIO%rﬂnua@tolmetsumsaftohm
value of the seeesdndiile difiné BecaRFORE RIAC ks BMLSEIS Al N1, VaLUS: Hle BT

first pixel in the secaond blo equa e sum
of the second P¥REN the f'fgﬁé"cf‘ikr §t35btllmek,th€0v&|6et0|fmaasfntshenxealnutae@‘ecbﬂikﬂ?bfddksbnd

pi xel in the fgpstiqhh of the first pixel in the
second bl ock, and o %@%Y%ﬁ%é {? g es%%‘i%‘& Biedsandn t he second

‘bl ock; and t he proc@ssnpceSMpseombBlett@ré@d%ﬁué@uﬁef@ﬁc@%&ﬂ@@nwV‘Q@Qstolf'%e
val ues of the o irst block and the first pixel 1n the

second bl ock an "é%d%gh% hrét E"&F\‘@Qﬂéh%éfsé@ﬂWééh”teh%eWmté@Cmnd freresiecerite
- pixel in the &iaﬁeMcbltImWeérﬁlﬂwé audd bfsihe secon ﬁf)?él ultujpbc%;@cofn'd tﬁ&% r?cﬁﬁﬁesﬁr’rﬂt O

setting the val.u ‘ﬁOf t he second pi xel |nthe irst
of 0.65 timed XHd" W24 (it blockiy. second pi xel |n the first bI ock, 0 2 t| rres

the value of the fide$fing i C

the first pixel in thengse(‘:a)(;\ﬁécllu P%@Eesefc'oéﬁ dpeé%m r@é%'ﬂg%&f‘ﬁ odpetng] °f065
second pi xel itighbeswdenaf meoﬁﬂcondrmb(eiernthmfgst breckad.aeineds tHaeyHes enghedirse!
in the second gy t s, the val ue of the second
pi xel in the fp%st%})ﬁ@%‘ b%)%k @ﬁ@ﬁes[ ﬁg \(?gll'?@f &'Ienferﬁep'x?' ipdpe spgnd plackend

first block, @Qﬁilmstheivelueacbfuﬁeeécérli‘@pfxerﬁ\tth@@é%bnd Biddkeaggcond bl ock,

and 0.65 tinmes the f e cond pixel in the second bl ock. 44. The
IOr ocessing circuit éﬂ'n@ﬁg? a%? Q\ﬁg?éﬁﬁo el insthessegone bigrk equal to the sum of

0.05 times the value of the second pixel in the first block, 0.1 times the value of the
first pixel in the first block, 0.2 times the value of the first pixel in the second block,

and 0.65 times the value of the second pixel in the second block.

44.  The processing circuit of claim 29 wherein the first and second

alignments of the first block and the first and second alignments of the second block
each comprise a respective row of pixels.

45.  The processing circuit of claim 29 wherein the first and second
alignments of the first block and the first and second alignments of the second block

each comprise a respective column of pixels.

486. The processing circuit of claim 29 wherein the image comprises a
video image.
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alignments of the first block and the first and second alignnents of the
second block O each conprise a respective row of pixels. 45. The
processing circuit of claim?29 wherein the first and second alignnments of
the firstWBI°¥e#2*and the first and second alignments of thePsgamae2piiock
each conprise a respective colum of pixels. 46. The processing circuit of
cl aim 29 whergi-n t i conprises video i mage. 42 WD 00/ 33243

1' CT/ US99/ 284%07 ' 4%81%?9%?%’&@5?%5%&?'&?9 “ﬁfer%'l‘gFW'QQQQ/vh@m@riﬁe$ Restilmage
conprisenagetill image. 48. A nethod, conprising: calculating a boundary
value froma first value of a first pixel and a second value of a second
pi xel , the first and second pi xels being contiguous with one another and
| ocat ed on op@ési tambdﬁﬁj,@{m@ngﬂgndary; conparing the boundary value to a
conpari son val ue; and reducing a difference between the first and second
val ues if theCB'GHWéIHB;ﬂ beundasy valuedtan edirsbvaibe ot ampaHiedRNMA sie-driy 2
speci fi eghigamHI t of claim.48 wherein the reduci ng conprises
reduci ng the (?ir?‘ef(%r%gréc:ﬂg@b{eﬁ?v{/re}gﬁaQiaeqqqﬂrs%'X%Jﬁ@%%ﬁ'gvawésthiCfnet he
boundar y3R@thge aast desated bheppositgsides o1 aisdutRianp0- The nethod of claim 48

“wherein cal cu I e boundary value conprises setting the boundary
val ue equal t%&%‘hgg%é p}eeg%'fﬁfg’% fliedn a semparisnn valde; metond val ues. 51. The

met hod of cl aientudBigvdeifferdn &b QWeahihg fi al u onpr i ses
setting fhe boundary val ue equal t%g t’tq%gwgasngg%é%gﬁa&%’F@dﬁ?@&rﬂ%@&%al ue or
an absol %€ [isitedto {hecompadsemealuban wemmectiee hafsdr and second val ues.

52. The nethod of claim48 wherein: third and fourth pixels have respective
v@lyues, the thi rd{)i xel contiguous with and on the sanme side of the

botindary as tHe fitha mgithed obdldint h8 vieseinhthBirkelicing @Bkbg & d on
the samyifddacebathe ,pwenﬁi%gén@s t he second Ei xellr;@andpr ggﬂiﬁd@éﬁﬁ@%

di fference between fhe va FeEPRd yolues ifdha bovpdan valuekxceedsthei ses
setti ng CORwargonevabde.t he first pixel equal to the average of the val ues of
t he

50.  The method of claim 48 wherein calculating the boundary value

comprises setting the boundary value equal to the difference between the first and
second values.

51. The method of claim 48 wherein calculating the boundary value

comprises setting the boundary value equal to the lesser of a predetermined value or

an absolute value of the difference between the first and second values.

52.  The method of claim 48 wherein:

third and fourth pixels have respective values, the third pixel contiguous with
and on the same side of the boundary as the first pixel and the fourth pixel
contiguous with and on the same side of the boundary as the second pixel; and

reducing the difference between the values of the first and second pixels
comprises setting the value of the first pixel equal to the average of the values of the

first, second, and third pixels and setting the value of the second pixel equal to the

average of the values of the first, second, and fourth pixels.
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first, second, and third pixels and setting the value of the second pixel
equal to the .average of the values of the first, second, and fourth

‘pi xel s. V\O“Qﬁé 33243 PCT/US99/ 28410 53. The met hod of clai m 48 whe

t hird and fourth pixéls have respective values, the third pi er”%TdI’It‘Igé{IIdI&
with and on the sane side of the boundary as the first pixel and the

fourth pixel cont B@uou§h&mn1iélh@d16f emirh 38 \prRdre;si de af the boundary as the
second pi xel; and [e g the di fference between the values of the first
and second pixels "¢ 5“1 POEY'S DAYE fes@etiveisaloestthe third ptxeptoraliguegisalith o

the sum of a &ndsh tN@Iséi@uetéldI@& iR ok aQIheInIIr%t EI;Ie anPII}e Ir%:g tpﬁ)éqond

value tinmes the value of the first plxe val ue of
t he second pli‘efI'QU&HﬂV‘éIhf?tﬂﬂr@Whﬁetsametsudmf thlaeaowaljue/an‘thte%cbaurﬁaibl aR@d

setting the value,gtj L ual to the of a fifth value
times the (, value of ?hﬁg%ﬂ dpé%ﬁee‘t”eg aILF%FW%?&H@%&'I%E%%%W%PH@'%f
the first pix&@mprsesevent h val ue 1 times the value of the second pixel,
and an ei ghth val ue. of the fourth pixel. 54. The net hod of

i h
claim48 wherein: 1 hlrIrEI;IIF'E ILIeei)éEIthueﬁ?tx%I‘%I IR 19 et p{a fivstivades tlrmlae tbbl rd
pi xel conti guelise vi thb thlﬁdﬁ@n@lﬂ d ecovane§d FIﬁte‘%ftIaé IQQIUQQIIIIEI@IIIYM?? t'he rldr L alue

pi xel and the fou L contiguous wth on the sane

boundary as tbe: secpad pbtahcanche falirt!s ealeactlmekseﬂhme@ﬂuet th\é&bUﬂﬁ,

. of the first aatmjd second pi xel s conprises, setting the value of the first

. pi xel equal to the sumof a first value tinmes the value of the third
‘pi-xel, a second v&PUESthaweluehe thealseeond pixetefiialtt tk ¥, ofa it USILYAMES the

t th I daf th I t th I f
he Tourth, ok ahe THEPERE sHE o1 ¥ linBs die kalaiatete wiphinet o sonerenabie

a fifth val ué‘“tEISnIﬁg vehe ofthk secofid phel, tanidr sh pighed valde $.h%@shhté]§tIaItge b t’FI'ésfogIIﬁ
t he

value of thejfjlfist pixel, a seventh value tines the value o secon
pi xel, and aﬁ elghth val ue times the value of the fourth pi xel ; and the
met hod further conprises reducing the difference between the val ues of

54. . The method of claim 48 wherein:
third and fourth pixels have respective values, the third pixel contiguous with
and on the same side of the boundary as the first pixel and the fourth pixel
contiguous with and on the same side of the boundary as the second pixel;
reducing the difference between the values of the first and second plerS
comprises,
setting the value of the first pixel equal to the sum of a first value times the
value of the third pixel, a second value times the value of the first pixel, a third value .
times the value of the second pixel, and a fourth value times the value of the fourth,
and
setting the value of the second pixel equal to the sum of a fifth value times the
value of the third pixel, a sixth value times the value of the first pixel, a seventh value
times the value of the second pixel, and an eighth value times the value of the fourth
pixel; and
the method further comprises reducing the difference between the values of

the first and fourth pixels and reducing the difference between the values of the
second and third pixels by,
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the first and fourth pixels and reducing the difference between the val ues
of .the second and third pixels by, .44 WO 00/33243 PCT/ US99/ 28410 setting
t he valu o&)/ihe third pixel equal to the sumof a ninth value tinmes the

val ue of th&Phi¥ d pi xel, a tenth value tines the val ue of PETYYSYYIB4t0 pi xel
an eleventh value tines the value of the second pi xel , and a twel fth val ue
times the val gettp; r tin e value of the fourth

pi xel equal to h]:e‘q thBQ/alJeO(H tﬁﬁ ) ngn?haq}‘gll T ‘%Béjt? HUNPA(Aee Hmegnie ¢ hir d
pi xel , aVRbEf é@hﬂmrdﬂa’lxab atiemie\svatllhmhmabuﬂse Oélu'ehﬂ thé Fisst pPleX&n eleRehthl t eent h

val ue ti gBgetifgeya second . pi x and a sixteenth value tinmes the
val ue of the fourt ﬁq%égé A %‘%?88 é’lc)ﬁlrﬁch"f’ Kye!fBaadyg BPPRha vBbERIARY val ue
fromt hefq}ﬁmh@Sebﬁn@l xels in first and second 0O alignnents of an inage, the
first and sec I nnent d .on opposite sides of a boundary, each
pixel in the ?‘?@2? %‘H fhebg?uﬁ@ Ri¥tH99yablesthi sum &af pdipeenthvelpe xel in

t he secom:iealtmegnalaatqf tie® IRl piRGl hRSuRYUH \Y/ | ue;
di fference bpet ween the vggébeﬁeot élgﬁer\é u%?’x hrﬁ?Pllxlgfifl rst

and redugi

al i gnment f'ﬂgﬁ@ht“r?é“{/%mﬁé g valupef B sesandspize dnpiaxsikteenti histus eadthe

al i gnmengalié of e fegHRdary val ue has a specified relationship to the
conpari son value. 56. The nethod of claimb55 wherein the calculating the
boundary val ue conprises calculating the boundary value equal to the
average diffegence, et“ (g t he values of the pixels in the first alignment
and the val ues of % Ethy FOQRMNGi xel s in the second alignnent. 57. The

met hod of cl auafmﬁammebeundarkyh@mfﬂﬁ% thB KRS ffdu(eﬁg nrﬁﬂr‘l&;eﬁ%g‘ég ('E))éﬁls

ks | gcat ed,on_opposite sides of the bounda eac
[ ncI udi ng Bm?&t§°%? Eﬂ@% they f'éﬁtla@ﬁmpsdahdnmntmbgamlorabpgcﬁtﬂmn@es?lad
havi ng reelspeeddry eeachl ond nments respectively
| ocated.in the r¥| r st %ﬁ%‘ lgg'i%ﬂ t%ﬁ% ;ﬂ@ﬁ’t E%ﬁgtcﬁa o‘ﬁ'”? ﬁrrﬁﬁ@‘?gb’ér&%?'ses
cal cul aff ??@r@oﬁtﬁl@m%n val ue as a function of the average difference
bet ween the w3 fthé QQ"&\% |er s in the same orthogonal
al i gnment of the \98?’;9&858”1"?@#9@%6 bet ween t he

reducmg a dlfference between the value of a first pixel in the first alignment

and the value of a respective second pixel in the second alignment if the boundary
value has a specified relationship to the comparison value.

96.  The method of claim 55 wherein the calculating the boundary value

comprises calculating the boundary value equal to the average difference between

the values of the pixels in the first alignment and the values of the respective pixels
in the second alignment.

57.  The method of claim 55 wherein: -
the image includes first and second pixel blocks located on opposite sides of
the boundary, each of the blocks including pixels arranged in alignments and

orthogonal alignments and having respective values, the first and second alignments
respectively located in the first and second blocks; and

the method further comprises calculating the comparison value as a function
of the average difference between the values of two contiguous pixels in the same

orthogonal alignment of the first block and the average difference between the
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45 WO 00/ 33243 PCT/ US99128410 values of two contiguous pixels in the sane
ort hogonal alignnent of the second block. 58. The nethod of claimb56 -
wherein the alignnents and orthogonal alignnents of the first and second

bl ocks conpri s¥YWE8pEEti ve rows and col unms of pixels. 59. The He{¥d 81"
claim55 wherein the alignnments and orthogonal alignments of the first and

second bl ocks ¢QnpLi i . and ro of L xel s L
met hod of cl ai m 55, Ofﬁ“rl(% E@E@gﬁ%ﬁ%ﬁu%@%%&l Scaurv%fjfrtﬁ/ég?%ae' a@%%gm g%'e'°eQ§3 ue
as a function blockhe average val ue of the pixels in the first block and the
average val ue of the pixels in the second block. 61. The nethod of claim

55 wherein: the inmage includes first and second pixel blocks | ocated on

opposite sides of She bDundatyod eaclhinbetvie:rblrogksalighfleuti 86d PrKkegsnal
arranged in al iI nnent s Z%'Ogh gonal al i gnment s, and havi ng respective

val ues, the fi?SEHYS s PP@ REPR PIoCkS REWAMFRITGSRaskyE s Anf relympg of
and second bl osiksis. and the nmethod further conprises: calculating the
respective differences between the val ues of contiguous pixels in the

ort hogonal alignnents of the first block and the respective differences

bet ween .t he val ues o ' i EN . or t hagonal | i nt s ,of
t he second bl ock; céaq'cu?m% ﬁ%%i@q ?*r&s('?,-nzngkﬁ%\%@rtgaeaq'gﬁ&%msd ’F‘? gagﬁ%%naéqual
"to the sum of allgamatité bétrenfiresand satdikblbicks tobipeisk rdspactied cbyuntieamiirdes of
of differences i;‘(élom the first block; calculating a second-bl ock average

pi xel di ffererdd 3'qual to the sumof the differences fromthe second bl ock
di vided by the nunber of differences fromthe second bl ock; 46 WO 00/ 33243

PCT/ US99/ 28410 cal cul atjng a first-bl ock average pixel value equal to the O
sure of the val ues & tngmesied phclaweShi tusthepCarerigingi cakay|3ing the aegmasison

of pixels in twgud h& alfunction of the average value of the pixels in the first block and the

- average value of the pixels in the second block.

61.  The method of claim 55 wherein:
the image includes first and second pixel blocks located on opposite sides of
the boundary, each of the blocks including pixels arranged in alignrﬁents and
orthogonal alignments and having respective values, the first and second alignments
respectively located in the first and second blocks: and
the method further comprises:
calculating the respective differences between the values of contiguous
pixels in thg orthogonal alignments of the first block and the respective
differences between the values of contiguous pixels in the orthogonal
alignments of the second block;
calculating a first-block average pixel difference equal to the sum of the
differences from the first biock divided by the number of differences from the
first block;
calculating a second-block average pixel difference equal to the sum of
the differences from the second block divided by the number of differences

from the second block;

46



bl ock; .cal cul ati ng a second-bl ock average pi xel value equal to the sum of
the values of the pixels in the second bl ock divided by the nunber of

pi xels in the second block; and cal cul ating the conparison val ue equal to
t he diff¥QHBE2Het ween the product of a first constant anettbsvosigmoof the
first- and second-bl ock average pixel differences and the product of a
second const ant an?lgggisun%on Hhe first- and second-bl ock average pi xel
val ues. 62. The method Y &'hitR!88« AkeirgrPixal Hallerraya! iniheusdes of thest  and

second pi xel Yioeksf lheqzkeld i theopBOBICER dhidRFLPThe hiYLEOINGALE Y in BACHPf the
bl ocks i ncl udblgg%_pl xels arranged in alignnments and orthogonal alignnments

and having respéective values, the first and second alignnents respectively

ocated n the Tl redcaatheacenthabeekscaack fie mb0ad A6l heT commpLses:

calculating the respective differences bet e val'ues
pi xel s in t he'BYEhBYHRAXES ingiheesrcondfblodiedifidedtbyltheckingng of bixelerpaet i ve
di fferences bﬁd&ﬂarbléékeg}ﬁ@ ues of contiguous pixels in the orthogonal

I

al i gnments of the secon ock; calculating a first-block average pi xel

di fference equal t@'qtﬂmirmjheafomﬂmisodiv‘aﬂ@@@l@eﬂ&oﬁlﬁ@ﬂﬂﬁb%d‘eiHei&ve@h(t’ﬁg_

di vi ded by -t I differences fromthe first block; calculating a
second- bl ockmg\c}g&rfggbz apfﬁgs,(te?o |t"1”?tc-?r”(9r}§@ s af thedirsh@nd secend-blank alierége ences

fromthe secaixelblifterkncisvantethdyrodhet m&’éorfafcdﬂsftgrﬁra%'%ﬁ? sufif @{?htehe second
bl ock; cal culat, nada fi rih-bl ock average pixel value equal to e sum of

the values of°% RADSPEA&blogk@yerage ixebyaless.di vi ded by the nunber of
pixels in the first block; calculating a second-bl ock average pi xel val ue

| to the sumof the values of the pixels in the second bl ock divided
by t he nunbePZof gihgensthod of lskaimsEcwhdrdihock; and 47 WD 00/ 33243

PCl ' / US99/ 28 ; i t.he, co ri.son val ye equal to the absolute
val ue of t he'fHé)mé?g”é ﬁlellﬂte's'?lgst nd sec%% plxel%locis'“locatgd on opposite sides of

the boundary, each of the blocks including pixels arranged in alignments and
orthogonal alignments and having respective values, the first and second alignments
respectively located in the first and second blocks; and

the method further comprises:

calculating the respective differences between the vélues of contiguous
pixels in the orthogonal alignments of the first block and the respective

differences between the values of contiguous pixels in the orthogonal
alignments of the second block:

calculating a first-block avérage pixel difference equal to the sum of the

' differences from the first block divided by the number of differences from the
first block;

calculating a second-block average pixel difference equal to the sum of
the differences from the second block divided by the number of differences
from the second block;

calculating a first-block average pixel value equal to the sum of the
values of the pixels in the first block divided by the number of pixels in the first
block;

calculating a second-block average pixel value equal to the sum of the

values of the pixels in the second block divided by the number of pixels in the
- second block; and
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di fference between half of the sumof the first- and second-bl ock average
pi xel differences and 0.02 tines the sumof the first- and second- bl ock
aver age pi xel yalues. 63. The nethod of claim55 wherein: the i oc

i ncl udes firstYQMP32Econd pixel bl ocks | ocated on opposi te S|de@CgP59YH%”’
boundary, each of the blocks including pixels arranged in alignments and

orthogonal alignnments aglchaiidiGhel @INRHISOUE WA B8Sal tb iR hbsStieanslus ec and

al i gnnment s respectl vely located in the first and second bl ocks; and the
met hod further confifff&sse belveen hell phthersim ot fechisl @ndi secendridesk Beeiasen

the val ues of contjgedgedendds anab%ftlrhesir#be%&%td?%@ﬂ%'t ac? 994 Eloell the

first block and the respective ferences between the v

conti guous pi xel s YeragRepPet Yadlgenal al i gnnents of the second bI ock,
calculating a first-block average pixel difference equal to the sumof the
differences fromthe first block divided by the nunber of differences from
the first block; @&l cuTPairinﬂgwcm sfedainds Hlvbekeiaver age pi xel difference equal

toth f th d ' d b th
of differences frBm TGS SRATS BRLR e ELnSEt HESks IPFAER 51 BRSpeage
pi xel val ue eqeablouhdatyheasmm ﬂnfe th16€ks V\@I'udﬁ‘@ kelk ré@ra‘?ﬂgé@'lﬁ aln@nr‘n'éﬂté andt

bl ock di vi ded t he nunber of pixels in the first Dblock; calculating a
second- bl ock Oé%gaaé %‘f%ﬂéﬂe%?n@ heying respedtive valiveotthe fist apdsessngaligments

pi xel s i n t haoseeangdbbestddh Widlfd: B LbERRELs fnl xel s i the  second

bl ock; cal cul ati ng the conparison val ue equa e difference between the
product of a firstthe gegibedfirrth@ndotipsissam of the first- and second- bIock

bk sl N by R L S SRR L ST
aver age diff er enceeitas ietbe ddﬁ@gmalaua@no‘iertmef piexfarkBblobk tiRE thé résiecile gnnent
of the first bl chd Egseb&we%%%hgfva}ugg orf%% t(?clgéuvse l%lx?l ShI AR 8 WO
00/ 33243 PCT/ US99/"284%0 guous pixels in the orthogona
: alignments of the second block:
calculating a first-block average pixel difference equal to the sum of the
differences from the first block divided by the number of differences from the
first block; _
calculating a second-block average pixel difference equal to the sum of
the differences from the second block divided by the number of differences
from the second block;
calculating a first-block average pixel value equal to the sum of the
values of the pixels in the first block divided by the number of pixels in the first
block;
calculating a second-block average pixel value equal to the sum of the
values of the pixels in the second block divided by the number of pixels in the
second block;
calculating the comparison value equal to the difference between the
product of a first.constant and the sum of the first- and second-block average
pixel differences and the product of a second constant and the sum of the
first- and second-block average pixel values: and
reducing the average difference between the values of the pixels in the

- first alignment of the first block and the values of the respective pixels in the
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_fécond_al i gnnment of the second block if the boundary value is greater than
t he conpari son value. 64. The nethod of claimb55 wherein: the inmage

i ncl udes Q,vthi rd alignment having a third pixel that is contiguous wth
the first pi %66 the first alignment and includes a fourthceUsgm¥ent
having a fourth pixel that is contiguous with the second pixel of the

second al i gnmegééordNgidfskiG e difference between the values of the
first and second pi xelld; corrdg?}?é‘sg%coé’éit?'P%Rﬁ?féb‘a‘é’l‘%ydﬁ“{%‘é gFeater therxel

equal to the alrejeraisamhelvel ues of the first, second, and third pixels
and setting the value of the second pixel equal to the average of the

val ues of the first, second, and fourth pixels. 0 65. The nethod of claim
55 wherei n t heb4al ubse ofethdeof diami 58Rghaemond  pi xel s conprise respective

| um nance val URS+ ggé .Alrréat hod, conprising: calculating a boundary val ue
fromthe val ues- of “grxaf'ddehathirsalignertdwing a siigpiventhat of caamgupage, t he
first andvidfethenitsapixgnoEiRbJirdtemiah ite sides of a boundary, each
pi xel inh hfi rii al i gnment be'?ng%é‘gﬁP?gﬁcgﬁdsve r§1 ?'é%%%’i‘if\?é{"m el in
the second ar PEENEIRL IS EprligUengeviti the secohd gixeg odtHehdedbnal dIGRARIM:: SRt i guous
with and | ocaé@eing thd§; ' of .the. boundary as the first alignnent
and a fourth ali gngrent elcf%n%l gez%eﬂ‘g'eﬁpt”ﬂe Yaler ot fiatrsbandsecentrpixeidde of t he

boundar y CRE'Arises seftingelbend i OfthBHingt, pik&INgRRAG| ﬁﬂth@a%epﬁ%@gﬁ{r% vvagleuseoltf(ﬁpat
val ue a s

conpari s V. : reduci ng a, di fference between t
pi xel i n(ﬂt t'eé"%c'llb(r?]gt gggitﬁ'ﬁ%@f{?& afbisettag ke veluefof the esqmet pixel sgeonsithd xel in

t secoadelalgiegﬁrfbm/aidesthQh@ﬂkérﬂ,ds@'c)bndV?h&‘godr@ (elated to the conparison
vél)u od 0

e in a specified manner. 67. The ne ”R¥SPm 66, further conpri si ng

cal cul ating the boundary value equal to the m ninum of a predeterm ned

val ue or the ager agge¢hdih8h - tween.the values of the pixels in the
first ali/ ggent and the val ﬁzggérp%t%h\)‘é\'ﬁe?eé% ctalvyes pf thel fyst #nd srcanscond

al i gnmenPXCELARPIRS B3pagtive OMiUSAY 284a§ 68. The method of cl ai m 66,
further conprising cal culating the boundary value equal to the m ninmumof a
constant or the average difference between the

A method, comprising:

calculating a boundary value from the values of pixels in first and second
alignments of an image, the first and second alignments located on opposite sides of
'a boundary, each pixel in the first alignment being contiguous with a respective pixel
in the second alignment, the image also including a third alignment contiguous with
and located on the same side of the boundary as the first alignment and a fourth.
alignment contiguous with and located on the same side of the boundary as the
-second alignment:
comparing the boundary value to a comparison value; and
reducing a difference between the value of a first pixel in the first alignment

and the value of a respective second pixel in the second alignment if the boundary

value is related to the comparison value in a specified manner.

67. The method of claim 66, further comprising calculating the boundary

value equal to the minimum. of a predetermined value or the average difference
between the values of the pixels in the first alignment and the values of the
respective pixels in the second alignment.
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val ues of the pixels in the first alignnment and the val ues of the

respective pixels in the second alignnent. 69. The nethod of clai m 66,
further conprj '&gﬁﬁgl cul ating the boundary value equal to the mni um of
a predeterm ne arue or the average difference between the val WY1 He
pixels in the first alignnment and the values of the respective pixels in

the second alignmegg, tige PGS 1 \ Lng.a f I f
guanti zati on perforned durﬂ]g_ enggg%ﬂgg%ﬁ‘@bﬁgr ?ﬁg'g’gléﬁ‘?owﬁ‘ﬂéet%%elth%obc?u&dary
clai m 66, furfHes eguaAdPIlEe mynieaus @f atdonglarther tuerpaeiagemifferahoe batveen the
function of t\hi8u&d 8 Ihi i ffer et t he val ues of .
two contiguous pi xeﬁ?gi?ﬁ%l%yﬁeﬁ‘ﬁs@(%‘%&ﬁr{lrag]dgﬁgéﬁﬁ%eﬁr@ﬁn?é%?ee Yo &l ?S Yhd
‘the average ‘OPfseepehebgmmenten the val ues of two contiguous pixels in the
second and fourth alignnments, respectively. 71. The method of claim 66,
further conprising: calculating the respective differences between the

val ues of the pixdS i Mheheettdd sftclaiti §6|MaAhe ABEMbRSINY Fakfathly thB®oundary
cont i guous pi\)g?dese' n th?hthi. rd ali ?nmant; cal cul ating the reSpective

differences DETYRERTHE NAMNE R of Aeredsterained yaie setbsmyespagdiferencand

the val ues ofethecuart iguesist pisyakeisiin iid st SHiAReAl A RNae el ful ating a
first average piXx di.fference equal to the sumof the differences 0

| di
bet ween t he fr?g%qc(?'é{ﬁcﬂ)"ferﬁ idthgl segrpd ignaient, dee Phgdetaeminedbeiuebeing esfenction
di ff erences; O(f’ahgmiﬁtbﬂ%&fﬁﬁ%%rﬁﬁeéfc%g@.6(fethfedi fference equal to the sum
nd an

of the differences between the sec our ngplegnrrents di vi ded by the
nunber of these differences; and cal cul ating the conparison val ue equal to

the greater of thepfir secqnd . rage pixel differences. 72. The

met hod of claim GZP-fuﬁbﬁiﬁg@sﬁpﬁwﬂa'w@féﬁw{o RTRES 0% E2lcsighivathg gomparison
di fferences balureena furetivalofeise gfedtdcoMhiaverdde Bi'ﬁ%rerfder%tw@leggﬁé”g\%heé%q

t he val ues o}vﬂghencontl gpuo%s-é_lpl xe‘,s inthe third alignment; 50 ;

00/ 33243 PCTI'USGBP IS PP dufhg tirshand dhirckalignments. tspeelivale endobevavenagae
‘val ues of th_difﬂmr%rﬁ#eﬁbdzm/ebhﬂhe%Q%%f%b%ﬂﬁ@& G0 Hixkeen\A ggéorﬁ)d( ahdFourth
conti guous pi ﬁels in the fourth alignnent; a?cu ating a first averag

pi xel differ8 BU§alesPECiYRY-sum of the differences

71.  The method of claim 66, further comprising: -
calculating the respective differences between the values of the pixels in the
~ first alignment and the values of the contiguous pixels in the third alignment;
calculating the respective differences between the values of the pixels in the
second alignment and the valu.es of the contiguous pixels in the fourth alignment;
calculating a first average pixel difference equal to the sum of the differences
between the first and third alignments divided by the number of these differences;
calcuiating a second average pixel difference equal to the sum of the
differences between the second and fourth alignments divided by the number of

these differences: and

calculating the comparison value equal to the greater of the first and second
average pixel differences.

72.  The method of claim 66, further comprising:

calculating the respective differences between the values of the pixels in the

first alignment and the values of the contiguous pixels in the third alignment;

50



bgt ween the first and third alignnents divided by the nunber of these
ifferences; calculating a second average pi xel difference equal to the
sum of the differences between the second and fourth alignnents divided by
t he nunbeVi0/33¢3ese di fferences; and cal cul ati ng the conpardizesyoraiae
equal to the sumof a first predeterm ned value and the product of a

second predet val ng. th reater of th and second average

pi xel differ eﬁ%regsm m‘?ﬁgs%e%q'ﬁ &F%?q'eBFﬁ? hﬁ@@er‘f'ﬁ?t"ﬁ Séﬂﬁ’b‘? PREfigin the |

cal cul at |Sﬁgood1@hgwpetamd/medwa‘me$ entRScdRiguees phiel MaheesurtH allgiendtixel s in
he val ues of the contiguous pixels in the third

the first aI
al i gnrr{ent < %Efag{ngnﬁpﬁskav?@gﬁéﬁﬁ'\% ?ﬁef‘F%FGH%'gg “E)%ﬁuﬁb‘ﬁ thpdifripness of
the pi xelbstwaem tree BreCandl trald grymeRentaRElitEe by Md'RSmBE: 5me§€@gfe?€r%’egs pi xel s

inthe fourth a %Rmsnt calculating a first average pixe erence
equal to the SHiRY INGASeRACe aiees pixed diftesencereg tcsthmdntolﬁll*raj al i gnnent s

di vi ded Hjffdrbecarpdr@eenfihs laeééhdihﬁ& %ﬁ%urggrh%%‘sﬁ&é& SeGond. gverage

pi xel difference equal to the sum o erences v&e@ﬁm fe®second
and f our PS8 Fiameeses: and/i ded by the nurrber of these differences; and

calculating t I 0 us 1.4 times the greater of
the first gangglgg%gﬂg ‘g€g§a§§"g r)1<(\_5 |€FqL@}Jg‘hB@sS“”7@ fafipgt %@WSH%@IE dcl ai m 66

wher ei n Vh'@'erm'eﬁgwmmla%Ohﬁ@édé@rH}féd FHild BRENSEGREUATNE iRy val ues
of the flrgt and secondﬁg;xels i f the boundary val ue |s greater than the

conpar i s8ACVEFR] averagenixeldiffasaness.cl ai m 66 wherein: the third al i gnment
ingludes a third pixel that is contiguous with the first pixel; the fourth
anrrent includes_a fourth pixel that is contiguous with the second

pi xel : and t hé3r edliee meteedpf claim166s stherlcoMridtig33243 1' CT/ US99/ 28410

storln the v ond ird, and four pi xel s, settin
t he valgue of ?JHE@I%UR@%H%{%@ ‘Z%eu%'?f%f %Wﬁ?gfheav?'f'f‘"%&g‘ﬁ Rikelsilne t he °

val ue offinshalignnent Epiddhle valuesechthe ocadt:geobs pRelstineny BlideaiRfnmidig; first

ixel, a thir nes _the ue of the second pixel, and a fourth
\F;al ue t | mes tﬁae‘\”[@gt'ﬁ%t $$'S5R gcqvcﬁjﬁ\{l?ljﬁrences between the valBes of the pixels in the

second alignment and the values of the contiguous plxels in the fourth alignment;
calculating a first average pixel difference equal to the sum of the differences

between the first and third alignments divided by the number of these diffefences;
calculating a second average pixel difference equal to the sum of the

differences between the second and fourth alignments divided by the number of

these differences; and

) calculating the comparison value equal to 8 plus 1.4 times the greater of the
first and second average pixel differences.

74.  The method of claim 66 wherein the reducing comprises reducing the

difference between the values of the first and second pixels if the boundary value is
greater than the comparison value.

75. The method of claim 66 wherein:

the third alignment includes a third pixel that is contiguous with the first pixel;

the fourth alignment includes a fourth pixel that is contiguous with the second
pixel; and

the reducing step comprises,

51



pi xel , and setting the value of the second pixel equal to the sumof a |
fifth value times the value of the third pixel, a sixth value tines the
val ue of the {jy L ﬁbxel a seventh value tinmes the value of tlhe quo,ﬁgm
pi xel , and an elg th value tinmes the value of the fourth pixel. "I'

met hod of claim66 wherein: the third alignnment includes a third pixel that

i's contiguous wit hstohiegthe salups vethe firkheebom tthnr@'dr@ﬁ%ﬂh pixiid udes a fourth
pi xel that is cont I%ﬁ a?ﬂvm th the second pi xel : ‘and the reduci ng step
conpri ses, -storing YRide of the st pixekequsbintig, SUrhiof @ firstnvalyeotmeh the

pi xel's, settivaué betheathire mfelt d8eébddlalle %ﬁtesqplél%laﬂeooftths fn?ét:[giax%fl ;f]‘trﬂﬂdr féuue

val ue tines the value of the third pixel, a second val ue

of the first Prseihe Yalgiof thespepnd pixelnesd eHeunialaige dimeshibesabend! tiexolirh
and a fourth pigdjugndi mes the value of the fourth "pixel, and setting the
val ue of the second pixel equal to the sum of the fourth value times the
val ue of the thir#eneeihe vaiee Phihecbamhd@sml Easalttbehewahueof(n‘ fittheallenighes the

pi xel , the sg I |xel and the first
Vel e i mes the 8 MBS BAEES: LR 1t Tl e aRRaT or Rl e & s v value
wherein: the tmﬁ&@eatahgmnethte Samhddﬂaeelaertmaﬂi @tgpith(@élubhﬁ\ﬁed ﬁtemé gHPESIOWHAN
the first pi )b the fourth alignnment includes a fourth pixel that Is

contiguous w't the second pixel; and the reducing step conprises, storing
t he values of the first, second, t hi rd, and fourth pixels, 52 WD 00/33243
PCT/ US99/ 28410 etti ngi_ the val ue of the first pi-xel equal to the sum of _
0.25 tinmes the valfe offheHeethrHrd ofined6 wbedSnti mes the val ue of the first

e T e e

of the fourth pixel, and Setting {he va
sum of 0.14 timesthenowith alignmsit ineudes a uyitxskel thads cbhﬂ‘?@oﬁmltwﬂﬁél%éﬁnd
the first pligg(L3 dhg35 tinmes the value of the second pixe and 25 tinmes
t he val ue of the fourth pi xel .

the reducing step comprises,

storing the values of the first, second, third, and fourth pixels,

setting the value of the first pixel equal to the sum of a first vaiue times the
value of the third pixel, a second value times the value of the first pixel, a third value
times the value of the second pixel, and a fourth value times the value of the fourth
pixel, and

setting the value of the second pixel equal to the sum of the fourth value times
the value of the third pixel, the third value tifes the value of the first pixel, the

second value times the value of the second pixel, and the first value times the value
of the fourth pixel.

77. The method of claim 66 wherein:

the third alignment includes a third pixel that is contiguous with the first pixel;

the fourth alignment includes a fourth pixel that is contiguous with the second
pixel; and

the reducing step comprises,

storing the values of the first, second, third, and fourth pixels,
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78. The nethod of claim 66 wherein: the third alignnment includes a third

pi xel that is contiguous with the first pixel; the fourth alignnent
includes a fourth pixel that is contiguous with the second pixel; the
reduci ng"&¥F3¥8npri ses, storing the values of the first, maeosndpsthird,
and fourth pixels, setting the value of the first pixel equal to the sum of

a first val ue éﬁ-@ﬁjé\r)g’ \Y; I”ue.o[j the third pixel, a second value tines the
val ue of the TTTSf pi xare o thefisypise) gpualtq Fﬁ%s%rﬁ@f@aﬁjém@ﬁ thysalwecdnd

pi xel , athe third @iwed 0. Siélumestthé’&@ldehﬁ tMekip p@feltdﬂﬁsfllﬂ‘rgst tfr'ﬁe \Pd'lﬂﬂfbfth@nd setting
the val ue c())fndt he lsec$§ p| xel equal to the sumof a fif ue times the
val ue of TTEtHIFF P Reld tirgeg ihg Yalyapfithe fongs mixed, and ue of the f| rst pixel,

2 seventh val setting tH@@al&@%fH@é&’co% pﬁmng%ﬁt’&%g's)&% of 19 #hes W %a' ue

tlrresthefvalue of the fourth pixel thdfurther T S
setting ¢ HBe Jafq,eixgh Oc2fatimge e pﬁllwelofémmrlstpocei 35 timesftha vlalumtdsfmal ue

times tt@coﬁglﬁ@mgng b%ﬁttnhé th%l\;%ﬁue oﬁq?ef%\yﬂpval e times the value of the

first pixel, an el event times f t he second pixel, and a
twelfth value tinmes the val ue of the fourth pixel, and setting the val ue

of the fourth780| Xﬁlheef%gﬁ]ﬂﬂié’fgﬁé}ﬁ éfgm of .a thi rteenth value times the val ue

of the third pixel W8P nes the val ue of the first p| xel ,

val ue tines ggé ?JE'I'?Z“'&?“‘??%@?%%??‘H’%?’E‘Spﬁ‘%ﬁ%d‘:w%“@%m%ﬁ% Bedl a125410

79. The neth gignrentup@vdana fauith pinet thailsi eptignbus mdlhuteseaondi r d
pixel tihatelj s contiguous with the first pixel; the fourth alignnent

i udes a fourth pixel that is contiguous with the second pi xel ; the
reduci ng ste[Sh%Wi%%tepgomnrNQSI he val ues of the first, second, third,

and fourth Pis¥R g thé%ﬁdé&gofttﬁgf.}’ I%u%éj%f{jhf hr(eij %H?Z?UVW xel equal to the sum of

a first value times val ue o L4PEESnd val ue times the
val ue of the Sﬁttmgtthglvnble, ofethe liirst hinedle@al to the sum of a first value times the

value of the third pixel, a second value times the value of the first pixel, a third value
times the value of the second pixel, and a fourth value times the value of the fourth
pixel, and

setting the value of the second pixel equal to the sum of a fifth value times the
value of the third pixel, a sixth value times the value of the first pixel, a seventh value

times the value of the second pixel, and an eighth value tlmes the value of the fourth
pixel; and

the method further comprises,
setting the value of the third pixel equal to the sum of a ninth value times the
value of the third pixel, a tenth value times the value of the first pixel, an eleventh
value times the value of the second pixel, and a twelfth value times the value of the
fourth pixel, and
setting the value of the fourth pixel equal to the sum of a thirteenth value
times the value of the third pixel, a fourteenth value times the value of the first pixel,

a fifteenth value times the value of the second pixel, and a sixteenth value times the
value of the fourth pixel.
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times the value of the second pixel, and a fourth value tinmes the val ue of
the fourth pixel, and setting the value of the second pixel equal to the
sum of the fougblevalye tines; the value of the third pixel, thS third
value times the value of the first pixel, the second value ti me§“{e¥/at4d
of the second pixel, and the first value tines the value of the fourth

pi xel ; and the nmet K8d f lihemesthodwpLiateBs wREdimig .t he val ue of the third

pi xel equal to the f,afifth yajue tinmes the value of the third
pi xel , a sixth val L%U‘H’ﬁeas"g{‘%”@&ﬁcﬁ@eafa t¥d mixgldbatgp gentigepuseyitintite firal oixel;

times the val ue of theheuskcetigdmehkrlclud@at @)@rtﬁipgmlhhé(t‘?}ﬁ‘é%nﬁéﬁ?s vkrirﬂ?th;égé%’zﬁoenocj

the fourth pj 'xeL, and setting the value of the fourth pix equal
sum of the ei%ﬁ? value tines the value of the third pixel, the seventh
val ue tines the vaheeeaficihhetdd Eshphéee! . the sixth value times the value

of the second pixel, and the fifth value times the value of the fourth
pi xel . 80. The metHBuNdthevalres ebthenaskisacondehtrth aret slurgnseas, | ncl udes a

third pixel that igstg ' i e . first pixel; the fourth alignment
includes a fourth i@?ﬂ%@gmﬁgﬁ{ﬂggﬁ%ﬁ?%a{' Io ﬁl?es‘gﬁcogﬁof"sbﬁé'éq’ limefghe
reduci ng st ep'@épt ihedbird pixsli meetdrel waledmerfihthaidd 6sthe fﬁﬁﬁﬂw.,aim,id’ falue

and fourth pi i the value qf - the first pixel equal to the sum of
0.25 tines tﬁgﬁ%ifhﬁﬁﬁsé B? s s5qend pr?feje‘l“,‘d 8.faurth vawe times {he valuedf thedolirthst
pi xel , 0.26 tdixadsanche val ue of the second pixel, and 0.14 tines the val ue
of the fourth pixel .an'g 54 WO 00/ 33243 PCT/ US99/ 28410 setting the val ue of
the second pixel &§HRY 1§ valie elfhesecond pinel egual todhe abieof the fotrth tlii‘ii.lédimes;j

ni xel , 0.26 tthewsiukhs tN t i i xel .35 ti he val ue of thet
I[s)econd pi xel , and u0. Zé ??H@sﬂ%ﬁén\%{hﬁ@s{%&% ﬁ@e%ﬁ? f’ﬂ'uﬁiﬁﬁ?ﬁ'?ﬁ@'ﬁéhﬁet hod

further conprPS§eRd valuetings theevalug abthef sedvedtdikeldami ¥ firebuale titndshBe SIHNS|
0.65 tines ”&:@théaio'éﬁhcﬁixeﬂg third pixel, 0.2 times the value of the first
pixel, 0.1 tinmes the value of the second pixel, and 0.05 tines the val ue
of the fourth pix&1e mgtepd further comprises,

setting the value of the third pixel equal to the sum of a fifth value times the
value of the third pixel, a sixth value times the value of the first pixel, a seventh value
times the value of the second pixel, and an eighth value times the value of the fourth
pixel, and

setting the value of the fourth pixel equal to the sum of the eighth value times
the value of the third pixel, the seventh value times the value of the first pixel, the

sixth value times the value of the second pixel, and the fifth value times the value of

the fourth pixel.

80. The method of claim 66 wherein:

the third alignment includes a third pixel that is contiguous with the first pixel:

the fourth alignment includes a fourth pixel that is contiguous with the second
pixel;

the reducing step comprises,
storing the values of the first, second, third, and fourth pixels

setting the value of the first pixel_ equal to the sum of 0.25 times the value of
the third pixel, 0.35 times the value of the first pixel, 0.26 times the value of the

second pixel, and 0.14 times the value of the fourth pixel, and
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setting the value of the fourth pixel equal to the sumof the 0.05 tines
the value of the third pixel, 0.1 tines the value of the first pixel, 0.2
times thg/v kﬂg of the second pixel, and 0.65 tinmes the value of the
fourth p|§% 38  The nethod of claim66 wherein the firstPCEHEEWRE410 hird,
and fourth alignnments each conprise a respective row of pixels. 82. The

met hod of cl agemiBd trwhesigé Bf iHesddohdtn; ir fourth alignments
each corT(Br'ése a ,?%s ective colirrdT? gfp'ﬁé%gﬁgﬁt%@g &\Jﬂ“eoﬁ(\:ﬁ]ﬁﬁé'&n%ﬁ h(?l‘éﬁ' 66
wher ei n 4'H8e e BiIxeL G Ymes dhe/valee of ey Eitst pBa), OTBE timeshbe vafuechiahe 66

wher ei n dddenHReg Sanphi on- Vi i e. 85. An image processing
circuit, corr}pﬁsi'ng: ‘553?‘3%%%%0%'%%5?% 'lggﬁg,p"feg'c@ e at least a portion
of an inmage, thRéengibed fgthdrmomytiseg, a boundary and first and second

conti guous pi [ sed. on osite sides of the boundary, the first
and second pi%@?@ ﬁg\s),{%ﬁbe ?%@5&8?‘?9@( PRYR! taile seecr PP Keles thalvabss of

det er mi tfee tHird pigebountiaey the vBlLe W Yhe 8RY o ithedithE §LRIAC tyeen the
first and ecr%gg %%I ues if axduonl y ?f&qtph%qj't)%m‘ aegﬁkégllaﬁjeé ?fstﬂgls\éégﬁg}q 55 WO
00/ 33248 LTSS Z2eaavtheggiuaofieiourtheirgrand ng: deternining if a

o el o havi noer ngihe PRLRGH RETANH PhElefub Darie e aidns adliies 2 1 or ence
bet weenVéle gfithe thiechpixske fohtimealtie saiuke siride Grdt i, 0. Peimd0MRAAIYe ¥RdHde | S

bl ocky. o essi circujt, conprising: a processor operable
to, recglg%%mﬁ?lxieg%gg d;égﬁpﬁsdﬁg&alug %‘Jé%‘Sd@HmF RE§E, the portion including a

boundary between first and. second contiguous pixels; and calculate a
r hness of hhe Egundagé as a function of quantization performed during
encodi ng of Bhe | génetggd ohclpim BSawhersipthesfingly:second, third, and fourth

alignments each comprise a respective row of pixels.

| 82.  The method of claim 66 wherein the first, second, third, and fourth
alignments each comprise a respective column of pixels.

83. The method of claim 66 wherein the image comprises a video image.

84.  The method of claim 66 wherein the image comprises a non-video
image.

. 85.  Animage processing circuit, comprising:
a processor operable to,
receive at least a portion of an image, the portion including a boundary
and first and second contiguous pixels disposed on opposite sides of the

boundary, the first and second pixels having respective first and second pixel
vaiues;

determine if the boundary is blocky: and

reduce a difference between the first and second values if and only if

the boundary value is blocky.
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I dentifying a boundary between contiguous pixels of a decoded inmage; and.

cal cul ating a.roughness of the boundary as a function of quantization
performed durwemmosBsddi ng of the image. 56 PCT/US99/28410

86. A method, comprising:

determining if a boundary between first and second pixels is blocky, the first
and second pixels having respective first and second values; and

reducing a difference between the first and second values if and only if the

boundary value is blocky.

87.  Animage processing circuit, comprising:
a processor operable to,

receive at 'Ieast a portion of a decoded image, the portion including a
boundary between first and.second contiguous pixels; and

calculate a roughness of the boundary as a function of quéntization O

performed during encoding of the image.

88. A method, comprising:

identifying a boundary between contiguous pixels of a decoded image; and

calculating a roughness of the boundary as a function of quantization
performed during encoding of the image.
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