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Background The invention generally relates to zerotree encodi ng of wavel et

dat a, suc@, otree encoding of wavelet coefficients, for exanple. Data
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produce anot her set of data having a smaller size. This smaller size may be
beneficial, for exanple, for purposes. of transmtting the data over a bus
or network. For exanple, the pixel inflisities of an i mage may be indicated

by a set of coefficients, ,and these coeffjcients nmay be represented by
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the signal (say a rowwse) is first |ow pass tere r sanpl ed by
dr opi§ ng 1-eminfermatipmmek be ramaved Hiaslatanemprassipr. ofresample, the imdgealgtranaybes ubband
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su bblasnds HL aﬁ%feanl'_rlxgstg 1g6.”i',d gs'an'%?cample,_image data that indicates pixel intensities of an
image 12 may undergo wavelet transformations to decompose the image 12 into subbands.
Due to the nature of the transformations, the subbands appear in different decomposition
levels (levels 14, 16 and 18, as examples). In this manner, to decompose the original image
12 into subbands 14a, 14b, 14c and 144 of the first decomposition level 14, the one
20 dimensional Discrete Wavelet Transform (DWT) is applied row-wise and then column-wise.
In one dimensional DWT, the signal (say a row-wise) is first low-pass filtered and sub-
sampled by dropping the alternate filtered output to produce the low-frequency subband (L)
which is half the size of the original signal. Then the same signal is high-pass filtered and
similarly sub-sampled to produce the high-frequency subband (H) which is half the size of the
25 original signal. When the same one dimensional operation is applied column-wise on the L
subband, it produces two subbands LL and LH. Similarly, applying the same one dimensional
operation column-wise on the H subband, it produces two subbands HL and HH subbands. As
a result after two-dimensional Discrete Wavelet Transform, the original image 12 is
decomposed into four subbands: the LL subband 14a, the LH subband 14b, HL subband 14¢
30 and HH subband 14d. Sizes of the row and column of each of these subbands is half the sizes
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version of the LL subband 14a. Hence LL subband 16a can be further 20
deconpos®rm8tieur subbands that have half of its resolution in both
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| sub-sampled version of the LL subband 14a. Hence LL subband 16a can be further
20 decomposed to four subbands that have half of its resolution in both horizontal and vertical
directions: LL subband 18a, LH subband 18b, HL subband 18c and HH subband 18d.
The subbands of the lower decomposition levels indicate the information that is
present in the original image 12 in finer detail (i.e., the subbands indicate a higher resolution
version of the image 12) than the corresponding subbands of the higher decomposition levels.
25 For example, the HH subband 18d (the parent of the HH subband 16d) indicates the
information that is present in the original image 12 in coarser detail than the HH subband 16d
(the child of the HH subband 18d), and the HH subband image 14d (another descendant of the
HH subband 18d) indicates the information that is present in the original image 12 in finer
detail than the HH 16d and 18d subbands. In this manner, a pixel location 24 of the HH
30  subband image 18d corresponds to four pixel locations 22 of the HH subband 16d and sixteen

pixel locations 20 of the HH subband 14d.



information that is present in the original inmage 12 in coarser detail than
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described compression technique may be too slow for some applications, such as an
interactive video compression application, for example.
Thus, there is a continuing need for an arrangement that addresses one or more of the

20  above-stated problems.
Summary
In one embodiment, a method includes providing wavelet coefficients that indicate an
image and representing each wavelet coefficient as a collection of ordered bits. The bits of
each order are coded to indicate zerotree roots that are associated with the order.
25 Advantages and other features of the invention will become apparent from the

following description, drawing and claims.

Brief Description Of The Drawing

Fig. 1 is an illustration of the hierarchical order of subbands produced by wavelet

30 transformations.

Fig. 2 is a schematic diagram of a computer system according to an embodiment of

the invention.



I mmge and representing each wavel et coefficient as a collection of ordered

bits. The bits of each order are coded to indicate zerotree roots that are
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i nvention w %ecorre apparent fromthe follow ng description, drawi ng and
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processor 11 encode wavel et Coefficients Ina bit-wse fashion. In

t hi s naroefficiehtsstaading fo ol exstwidingdnt of theinvertiosl et coefficients (as zerotree
roots or isolated zeros, as exanples), the processor 112 may produce codes
to classify the bits of the wavelet 15 coefficients. For exanple, in sone

enbooli meDétsiledtDeecriptionessor 112 may classify a particular bit as being
either a zerqQfree roqt, .an isplate r a positive node or negati ve
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15 coefficients. For example, in some embodiments, the processor 112 may classify a particular

bit as being either a zerotree root, an isolated zero, a positive node or a negative node. Unlike
conventional zerotree coding schemes, thresholds are not computed to identify insignificant
values, as the “0” bit is treated as being insignificant and the *“-1” and “1” bits are treated as
being significant.

20 In this manner, the processor 112 may generate one of the following codes to classify
a particular bit: a “P” code to indicate a positive node if the bit indicates a “1”; an “N” code
to indicate a negative node if the bit indicates a “~1”’; an “R” code to indicate that a “0” bitis a
zerotree root ; and an “IZ” code to indicate that a “0” bit is an isolated zero. In some
embodiments, a particular bit is classified as a negative node only if the bit is the most

25  significant nonzero bit and the bit indicates a “-1.” For example, for a coefficient of “-3” that
is represented by the three bits “-011,” the processor 112 generates an N code to represent the
middle bit. However, for this example, the processor 112 generates a P code to represent the
least significant bit.

For purposes of providing the wavelet coefficients, the processor 112 may, via

30  wavelet transformations, decompose coefficients that represent pixel intensities of an original

image. These wavelet coefficients, in turn, form subbands that are located in multiple

decomposition levels. To classify the bits, the processor 112, in some embodiments, may
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bit orders. For example, in some embodiments, the processor 112 may process the bit orders

20  in amost significant first fashion. Therefore, the processor 112 may imitially produce code
all the bits that have the highest bit order, then produce code for all of the bits that have the
next highest bit order, etc. As a result of this progressing coding, the resultant bit stream may
initially indicate a coarser version of the original image. However, more refinements to the
image are indicated by the bit stream over time, as the processor 112 produces the codes for

25 the bits having the lower bit orders. Thus, in some embodiments, the resolution of the image
that is indicated by the bit stream improves over time, a feature that may be desirable for
bandwidth-limited systems. As a result, a decrease in resolution of the reconstructed image
may be traded for a decrease in communication bandwidth.

Referring to Fig. 3, in some embodiments, the processor 112 process the bits of each

30 order in a predefined sequence. For example, for a particular bit order, the processor 112 may

begin with the highest decomposition level and produce codes for the bits of the highest

decomposition level before proceeding to produce codes for the bits of the next highest
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coefficient, represented by “A” (for the LL subband image), “B” (for the LH subband image),
20  “C” (for the HL subband image) and “D” (for the HH subband image), respectively. As
depicted in Fig. 5, for the first decomposition level, the coefficients for the LH, HL and HH

subband images are represented by the following respective matrices:

E, B, |{F BR[| |G G,
E, E,[ |FE F| |G, G,

It is noted that each coefficient of the second decomposition level (except A), is associated

25

with at least four coefficients of the first decomposition level, i.e., each coefficient of the first
decomposition level has at least four descendant coefficients in the second decomposition
level. Therefore, each bit in the first decomposition level has at least four descendent

30  coefficients in the second decomposition level.




simlar manner. For exanple, for a third | evel of deconposition, the upper
| eft quadrant -32a" includes the wavel et coefficients of the LL, LH HL and
HH subband®o off19089e t hi rd 15 deconposition level. If the oeaiidophm8é mMatrix
that indicates the pixel intensities for the original inmage is a 4X4
matrix, then the matrix 40 maybe of thg formthat is depicted in Fig. S. In
this manner, the LL, LH HL and HH subband i nages of the second
deconposition_| eve ac ve one efficient, represented by "A" (for the
LL subband i nEa‘eﬁa,"{"" °f3(2“'f’g€e RTAGFSHqY ligs}fé{wqﬁ%ﬁeﬁb@l}s ip dhe'scanning,fequense H_
subband idengid dile. B'a paftiRiilat bie idditates 356y 4 B IGhen tﬁi@ﬁrB@é‘sEér"‘ﬁb néttes

depicted in Fig. 5, for the first deconposition level, the coefficients for
the LH the ReoN opie adipressedsitorarpsess shangxt bit insthe searning sequendeo Howeveryif a
respect i \waridRihf bit Bticafes 2 B4 kife ' ' 2?@% i's
not ed th\aft)t each 1c.oe%cfa i_i‘:_laen’g c‘#‘ ﬂgﬁ%eg%%égggﬁrﬁcp%@?? ﬁgl}\m]ll %&ﬁ% ERER A,

i s associtedeierming if thedit is amisplafed zerocwafzérotiee rdot. Blie dobfficidntssih tigbeicionposi t i on

| evel , 1. . fficie f. the first deconposition |evel has at

| east foﬁbggggggaﬁaﬂﬁe@ok%’f)ﬁ%?‘%ﬂts in the second deconposition |evel.
Theref ore, eadls ahiekample,ith produucesthe dieOPME dabtGignifas! bit REIAID( HTthd OUT

descendent 30 coefficients_in_{he second deconposition |evel. WO 01/19089
PCT/ LS00/ 9 asient Uosated in g %ﬁbba‘@r‘%fél?ﬁ seppnd dscormpastion laveD), thaprosessertl? t he

bits in tdeemhiae WhéiBer HRIDAYBR indiASE 0 SdIrRBQHE el bi t
indicates a "|" ? hmn thea rocessor ﬁrfgésagr}gggféégaéﬁee P or N

or a"-1," the
codet%nd dpresadaptiits; Gi(by Gdbs S:¢lhand @x1) afithe subbanddiH offhnifinyg dsengaposition

However, 1ive]l @ sefal bf $ubay «fist ol 0l Qe Qe f Drocessor, 112 may
trace the bit “Chr ougﬁ% ?’g aésacselﬁggaﬁl L Fig t6bqa%rfee°:}%réﬁéegﬁlgfhﬁ%eﬁt i% an
i sol at ed 1z ehen e D1 )hivisan iselated@ero. Ditberprisefthe D{19 bitds 4 zerdthee rbdt. Subband are

Si oni i cant _bie SCRarREeiS g B PR Ralicital el S bR Pusasties fRan oy

subband dhagehmayemerpd adeo degebdscbinpositiciie!fdrm e dolivaseman: 112 det er ni nes

whether the D(1) bit indicates a "0." If so, the processor 112 eval uates
the T0 descendant bits G (1), &(1), G3(I) and A(1l) of the subband HH of
the first deconposition 4 11 2

-2 0 01

0 300

0 1 00

Because the maximum absolute value is “4,” three bits may be used to represent the

coefficients, as depicted in the following matrix:
20

100 001 001 010
-010 000 000 001
000 011 000 000
000 001 000 000

Therefore, the processor 112 begins the encoding by generating codes for the third order bits

(i.e., the most significant bits, which may be zero also) of the coefficients. More particularly,
25 to generate the codes for the third order bits, the processor 112 follows the path 28 (see Fig.

5) and produces the appropriate code for the third bit of each coefficient along the path 28. If



| evel in search of a "1" or "-1," as indicated in Fig. 6. If one of these
bits indicates a "I" or "- I," then the (1) bit is an isolated zero.
Qherwsethe%)’&)? bit is a zerotree root. As a nuneric a 4x4

exar/rqp
coef fici enVOfY that indicates pixel intensities for %’e?s?ra

undergo a two | evel deconposition to formthe followwng matrix: 154 1 1 2.
-2001 0300 010 0 Because the8maxi num absolute value is "4," three
bits nmay be used to represent the coefficients, as depicted in the

f ol | ow n@ pakichiaxbit dichied a0} tﬁéhlth@ iaﬁ)cess@ﬂﬂu(&)ﬂuﬁl@ﬂheﬁésceﬁﬁﬁts@iﬂheQﬁlQo 000

000 001 Q000,000 Therefqre, the SSO |ns t he encodi ng by
gener at i dg d%?g"é"sd FeHs ap éerf’ﬁ’iofsd 1ng)pf the g’{’ er bitsy %ﬁﬂocﬁsﬁhﬁfzi cant
bits, WiifdibEMhdRIERT n% c@h&((hsteci mtth@oﬁeteéffﬁr@dueﬁtsrﬁ PYORR. Pébkddu Hxlngr tmél o2

to generate the codes hird order ‘bits, the processor

t he pat h pzc&eissebumrgducea than@tiep f@dhﬁ:@ﬁondrmdqus Gistaddn erdepeforedictione t hi r d
bi t AN QAL A v AL ) Ltt@typﬁttamﬁﬁssoé {}z\ét%&ttéstﬁ%% FhHRy 21956

-8 a par (e 'ndi cat'es r0OCEssor tes the
descendemider bits {listed i erderof pradudtiony o4 P 28 RBIGHE, BMPEPO Asalescribdhabovedi ng of

(1 st o e ebaeeey 417 maY nghueiy FOSRS s tho b8 K Rmbaia FionibO bR 0ol o

112 produs prodided vixDglsissticatm. the second order bits (I [ sted in order of
production): 5 1Z,1Z NRIZ P 1Z 12172 P,/ 1Z 1Z Lastl t he processor 112
broduces the Asdsexarine,ehehen rragesson P iseties)mavaise thetit Mo of

Produst i QEtbnsthués fhe Egefﬁin%t hZauﬁ:ZthEt 1hZ|cBe§ the B:xeﬁ% tﬁt@t%‘z‘tfés Q?ﬂte%?@fﬁl 1mat79f?1

processor 112 may i ndi cat e he codes via a two cod I Ng SC ene an
transmt thefellewing snanpey. I&efszmﬁv@alewdalgd)es% the preawor 200 first receives an

indication from the processor 112 that three levels of coding (i.e., one level for each bit order)
have been used. After obtaining this information, the processor 200 may reconstruct the
original coefficient matrix using the codes in the order that the codes are produced. More

15  particularly, the processor 200 may use the codes produced by the coding of the bits of the
third bit order (i.e., the first level of coding) to produce the following matrix:

100 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000

20  The processor 200 may use this matrix to reconstruct a coarse version (i.e., a lower resolution
version) of the original image. However, if a more refined version is desired, the processor
200 may use the codes that are produced by the coding of the second bit order (i.e., the

second level of coding) to produce the following matrix:

100 000 000 000
-010 000 000 000
000 010 000 000
000 000 000 000

25



As an exanpl e, another processor 200 (see Fig. 2) may use the bit streamto
10 reconstruct the coefficient matrix that .indicates the pixel in

i ntensiti e original inmage in thefollovvlng mann t he
decoding‘ﬁéggﬁg&ythe processor 200 first receives an |ng§3asﬁ%ﬁ romthe

-processor 112 that three levels of coding (i.e., one level for each bit
order) have been used. After obtaini-®g this information, the processor 200
may reconstruct the original coefficient matrix using the codes in the
order t IRihallyhif tiegstecessur 20 used theaddes\hatard progavet] ibg thiearoking dfitlee pitoafdbsor 200

may use he duced b t.he di n f the., third. bit

o e (it ordeES R B 6L B coping, e Cestr 00 bbbl bl et Wt | .
100 000 deBsmptied watdlet@QErfigieiis000 000 000 000 000 000 000 000 000 20 The
processor 20Q may use this matrix to reconstruct a cqarse version (i.e., a

| over resol utﬁe&mw%lgdn}o Ymmpzethe grmtessiGRRyagramolidy when executed By o
refiged dmgg&bﬁgo %waﬁéé thd PecddsRqgs s&ﬁerf&mhmowﬁ@ ﬁrb@edﬁfecissmhﬁ@et ar e

produce ing of the second bit" ord (1. second | evel of
codi ng) th@almvedawbpmocﬁng | Fanst, g mqe;smlla_may@me@dblogb@) amatgx®bo 000 000

25 000 040,000, 5005000, 00D g&gb%g,gé@eg&(@%%% FEHARALH 90y O Final 1y,

I f the proce tses & are e eod ng of the
bits of dememire (blotk B4)the mmbee. of digit tha lared:ebMetb rqﬂesemdhmgjsolutmmmf cessor

200 prodyces the original matrix.of dec osed wavel et c | Cl

ot efr | e fenign VevelesgOeiiea | s ProsRaE Jg RS e BrAF GaPenD Ehe i

exeq@t edthlYurkent Bt oRIcPBESS Procsied HiBle frad&Eor 1NQ. I BEEaERier, m&prb&sﬁﬁ rlfwr mt he
foll owi ng procedure to produce _the above-described codi ng First, the :

pr ocesso¥se1a soffyaye émfesvsocemtb%kﬂsm)e bit ordenat 2 tige. Toccepmelisbahisdhs f i ci ent s
in a signeekstirnas prddatises&RBIoEIOTs) IEHE bitd BRhPERFREBIPbrdtr the TRNg the

techniques described above. Subsequently, the processor 112 determines (diamond 78)
whether the rate of transmitted bits may exceed a predetermined bit rate. If so, the processor
15 112 terminates the coding for the current image to comply with the predetermined bit rate.
Otherwise, the processor 112 determines (diamond 80) if all bit orders have been processed,
i.e., the processor 112 determines if n equals “1.” If not, the processor 112 decrements (block
75) the order that is indicated by the n variable by one and proceeds to block 76 to traverse
the loop another time to produce codes for the bits of another bit order. Otherwise, the
20  coding is complete.
Referring back to Fig. 2, in some embodiments, the processor 112 may be part of a
computer system 100. The computer system 100 may include a bridge, or memory hub 116,
and the processor 112 and the memory hub 116 may be coupled to a host bus 114. The
memory hub 116 may provide interfaces to couple the host bus 114, a memory bus 129 and
25 an Accelerated Graphics Port (AGP) bus 111 together. The AGP is described in detail in the
Accelerated Graphics Port Interface Specification, Revision 1.0, published on July 31, 1996,
by Intel Corporation of Santa Clara, California. A system memory 118 may be coupled to the
memory bus 129 and store the compression program 119. As described above, the
compression program 119, when executed by the processor 112, may cause the processor 112
30  toprovide wavelet coefficients that indicate an image and represent each wavelet coefficient
as a collection of ordered bits. The processor 112 codes the bits of each order to indicate

zerotree roots that are associated with the order.



determ ne (block 74) the nunber of digits that are needed to represent the
absol ute value of the maxi num wavel et coefficient. This processor 112 uses
a vari abl e%,()cbia,llgogﬂ n) that indicates 10 the current bit og&9sdeRid38
processed by the processor 112. In this manner, the processor 112 uses a
software |l oop to process the bits, one bit order at a tine. To acconplish
this, the processor 112 produces coded0¢bl ock 76) for the bits of the
current bit order the using the techniques described above. Subsequently,
t he processor Amongishesfeatiresoflthe eorputer agstem AR tatdisplayreontrelles 153 (thatansmi tt ed
bits may . ' | e, , C .

Cer m na LIRS e ybh uphdy BECotda b Siach byshh, A B Biigiplon i 15

pr edet er nmamecbubletthe memory hBbHd 6 ¥ a®thet bridgeroirceis o0 inpatGutpie (EOhute20¢ dn anond

80) if all bit aorder a b processed I, €. he proces 112

det er i nemtaafaf, B YR REFROMANE BEnorto 31 d S5aBAERIM a8 oo
75) the OPeipherbl@smpohentidicfoahistt (BCI) e 121V Thé BOI Speaificativh iaavhilRbledaafls to
block 76 to traverse the_loop anoth8r tine to produce codes for the bits

of anot heFhediGl SpecialIntepgsh@roppsRortlandeOmegor iy i s conpl ete. Referring back

to Fig. 2, in 5008k TROH)8ESuplddts dRIIRADRS 921 thhdclBonR Gnf 842 Mihid
conputer system 100. The conputer system 100 may include a bridge, or

menory hubanmnes the rapdeny 1O masopretide an interfage that neamitethe bif sheam thabis produeed

coupl ot 9 R Boad 117 10t coliRunRRND Xy o 1B T IO 1ATRE (WETT o

Por t 19 AGHnclbdssinteificds dg e hiarddisk dnye ABParidsa QB ROMisleiore i1 33, de exeniplésn ArhléO

Accel er at ed aphics Port terf Speci ficati.on, Revi si 0 . publ i shed
onuly - FonieaRry iy bP Kl e reliRting &SIz e rdete Byt Pom B

syst em mex@board 184 /) hcuse 026 as €xdniplésh The MOgohitoltd 11 2fdy alkd coittvie t he
conpression program 119. As .described a? ve, the (f‘orrpr Ssi og program 119,
when exectpeedopiofa{lopgy disk duys 142 Lopjisg @ ﬂ*&@é@%é %F'&Sg%%?e PR 30 to

provi de vgyebRs, thORId disk aRYS1320) 8 Uisk&tt # 3ICD-ROM, B A 204y HaRpRsent each
wavel et coefficient as a collection of ordered bits. The processor 112

coded5t he bi t dndie content ofithis ppRlisationg fhe phease Zomppicr &ystegbiman geaerally gfer to
associ at ] 1 ) BRGE : ﬁ@gﬁp E]!@&H
features e%?%%%%%%g&?%%g@ﬁé%“ﬁ%? @tgﬁ% ay %%02? %(r)alpllil %rgs 113 ’(qtdgat
control s ¢omputtr spd mpbilelecpmputey (blapiop aphputer, frexanpiePagjust alfew exarhples.
comuni cafiqn link 115, I her bridge
cirout . Bl PSR A Jorty s e e ol Horbtbindcfef X
microprocessor, Advanced RISC Machine (ARM) microprocessor, or Pentium-based

20  microprocessor. The examples given above are not intended to be limiting, but rather, other
types of computer systems and other types of processors may be inciuded in embodiments of
the invention.

Other embodiments are within the scope of the following claims. For example, the
matrices of decomposed coefficients described above have one coefficient in each subband of

25  the highest decomposition level. However, this arrangement is for purposes of simplifying
the discussion of the coding. Therefore, each subband of the highest decomposition level
may have multiple coefficients, and the above-described techniques may be applied to code
the bits associated with these coefficients. In some embodiments, the processor 112 may
code all of the bits of each order in parallel. In this manner, the coding of the bits of each bit

30  order may be performed by the processor’s execution of a separate thread. Other

arrangements are possible.



sonme enbodi nents, the I/O hub 120 includes interfaces to an I/ O expansion
bus 125 and a+5 Peripheral Conponent Interconnect (PCl) bus 121. The PC
Speci fi cagy is.avail able from The PCl Special Interes ort | and,
Oregon 9?%#&&”%?%Dden1140 may be coupled to the PCl bus Eﬁiiggﬁgﬁgelephone
{ine 142. In this mnner, the nodem 140 may provide an interface that
pernmts the bit streamthat is producdd- by the processor 112 to be
conmmuni cated to the processor 200. The 1/0 hub 120, may al so 10 i ncl ude

interfaces towhilethednwntion khsibeen disdosed ovith reipeR@VE ditiited nadBer cfs exanpl es. An

/O controller 117 LD GOU to.the nsi;on bus, 125 and receive
| nput qaratediiin b BinaF R it Hhg v et oS ERE ARG S avtedile, |
ggnt rol |fﬂ1ﬁnir&17s medifiedtinns aﬂmag ﬁedli)ons@wfeddx.oms atended dh@rp}ayapiieﬁdﬁdd:?]dimg éZZk

pi es of the_ progr 119 may be stored on,.as exanples, the har IS
drive. 13%overalliuchBodiftogfions andvRRaNOTSES fall Spthis g e SEIRATESCOPEPTIF ¢ he
cont éxt gfedtlins application, the phrase "conputer system may generally
refer to a processor-based systemand may include (but is not limted to)
a graphics system a desktop conputer or a nobile conputer (a |aptop
conputer, for exanple), as just a few exanples. The term "processor" may
refer to, as exanples, at |east one mcrocontroller, X86 m croprocessor,
Advanced RI SC Machi ne (ARM m croprocessor, or Pentium based 20
m croprocessor. The exanpl es given above are not intended to be limting,
but rather, other types of conputer systens and other types of processors
may be included in enbodinents of the invention. O her enbodinents are
within the scope of the followi ng clainms. For exanple, the matrices of
deconposed coefficients described above have one coefficient in each
subband of 25 the hi ghest deconposition |evel. However, this arrangenent
is for purposes of sinplifying the discussion of the coding. Therefore,
each subband of the highest deconposition | evel nay have nultiple
coefficients, and the above-described techni ques nay be applied to code
the bits associated with these coefficients. In sone enbodi nents, the
processor 112 may code all of the bits of each order in parallel. In this
manner, the coding of the bits of each bit 30 order may be perfornmed by the
processor's execution of a separate thread. OQther arrangenents are
possi bl e. WD 01119089 PCT/ US00/ 21956 -11




Wiil e the invention has been disclosed with respect to a liinited nunber of
enbodi nents, those skilled in the art, having the benefit of this

di scl osurewo\m,uos@pprem ate nunerous nodifications and vgk ﬁﬁs
therefrom It Is intended that the appended clains cover aI suc

nodi fications and variations as fall within the true spirit and scope of
the 5 invention. WO 01/19089 PCT/ US00f $3956 -12- Wat is claimed is: 1 1.
A nmet hod conprising: 2 providing wavel et coefficients that indicate an

i mage; 3 representing each wavel et coefficient as a collection of ordered
bits; and 4 c ds of each order to indicate zerotree roots that
are associ at eW%}&Q@ ?he order. 1 2. The nethod of claim 1, wherein the
act of coding the bits conprises: 2 determning which of the bits indicate
Zer 0s; and 3 él ass:%ﬁ tggdeach.'ze(o as either an isolated zero or a zerotree
root.'1 3. Th EUHE: wherein some of the wavel et coefficients

are 2 descendants gfov&migewﬁeléth@efﬁélgﬁﬁtHd@lYlBic@tbaﬁQﬁiée*Cl ents, and wherein
the act of determining 3 conprises: traversing . a descendant tree froma

bit adsociated wit m@m%wa@&%o%ﬁcwwsomm efordged bitsAht s to bits
assocjated w th Sabgdngé ﬁ‘l@'Blt%Fé%l:fr‘Brd@%flﬁdlgdt@fgr&rée‘?oétgﬁﬁg ﬁ'eragb%mgtea i@t ree
roots. 1 4. The nmethod of claim1, wherein the act of providing conprises:

2 producithgodetf erent | evel s of the code, each | evel being associated with
a 3 different resolution of the inage. 1 5. The nethod of claim4, wherein
the levels that are associated with lower 2 resolution are associated with
hi ghel orders.2.1 6Thdmethodblicldinot, whersintht actdfeoding thetbits aamprides:pr ovi di ng

wavel gt coefficients 2 co iding intensity |level coefficients
that fndicate pixef€ tF’f‘R’B’H&r‘T’B?"é’s&cSS}f lf‘ﬁén‘? Sate zendk; and

3 classifying each zero as either an isolated zero or a zerotree root.

1 3. The method of claim 2, wherein some of the wavelet coefficients are

2 descendants of some of the other wavelet coefficients, and wherein the act of determining

3 comprises:

4 traversing a descendant tree from a bit associated with one of said some of the
5 wavelet coefficients to bits associated with said other wavelet coefficients to locate the

6 zerotree roots.

1 4, The method of claim 1, wherein the act of providing comprises:

producing different levels of the code, each level being associated with a

different resolution of the image.

5. The method of claim 4, wherein the levels that are associated with lower

2 resolution are associated with higher orders.

6. The method of claim 1, wherein the act of providing wavelet coefficients
comprises:
providing intensity level coefficients that indicate pixel intensities of the

image; and

wn W N

transforming the intensity level coefficients into wavelet subbands.

A



4 image; and 5 transformng the intensity |level coefficients into wavel et
subbands. | {1 rrr1121222 e et rr o rrllr ~ro s W 01/19089

PCTI USOO’\Z&%E/@OM 13 1 7. An article conprising a storagepgphissiiréfaadabl @ by
a processor-pased system 2 the storage nmediumstoring Instructions to
cause a processor to: 3 provide wavel et coefficients that indicate an

i mge, 4 represent each wavel et coef fildi-ent as a collection of ordered
bits, and 5 code the bits of each order to indicate zerotree roots that are
assoti ated with e\narticlocotprising 8stommge megdiunicadable by aprasepsorthiasedsysemge

medi ym ¢ rising.i i . t .ocessor to: 3 determ ne
whi ¢ oftg?ﬁtgralgfsf'gdllun%d%té}zg'?%m%g?cgé?sté%g&%a AS S wﬂ'each zero as either an

i sol ated zero or aprovdowawdet codficiedts that inkdizatraniimbge, of cl ai m 8, wherein sone
of the wavel et coefficients are 2 descepdant f sane, of,.the aqther wavel et
coefficients, the rgﬁrﬁeﬁb"eacﬁr@' ?’?P}ﬁtlc(?B%}ePE?sr?gCﬁ 8f°r'i's°?l°{f’€fefdd’r\ts’t%ﬁcause t he
procgssor to: 4 tradethesditdofl@sh oriépitlindicae zérb@es Rokithat afe8sdciateddvii t h one
of said sone of the 5 wavelet coefficients to bits associated with said

ot hef watheprler.coefficients to | ocate the 6 zerotree roots. 1 10. The
article of claim7, the storage nedium conprising instructions to cause the
2 processor to: 3 produce different levels of the code, each |evel being
assodi at ed wi8.h a The alidl¢ ef daim 7, dheoitorageomedivmichmpiising instractipns todansethe i cl e
of C:Zai m 10é erein the levels that are associated with |ower 2

resofut i BRE*8¥ €% associ ated with hi gher orders. 1 12. A conputer system
conpii sing: 2 a pletmiieoriiciagitthe bits indicate zeros, and

4 classify each zero as either an isolated zero or a zerotree root.

9. The article of claim 8, wherein some of the wavelet coefficients are
descendants of some of the other wavelet coefficients, the storage medium comprising
instruction to cause the processor to: '

traverse a descendant tree from a bit associated with one of said some of the

wavelet coefficients to bits associated with said other wavelet coefficients to locate the

[« WV I VA

zerotree roots.

10.  The article of claim 7, the storage medium comprising instructions to cause the

processor to:

produce different levels of the code, each level being associated with a

W NN -

different resolution of the image.

[y

11.  The article of claim 10, wherein the levels that are associated with lower

2 resolutions are associated with higher orders.

12. A computer system comprising:
a processor; and
a memory storing a program to cause the processor to:

provide wavelet coefficients that indicate an image,

(V. -

represent each wavelet coefficient as a collection of ordered bits, and

T LLLL



3 a nenory storing a programto cause the processor to: 4 provide wavel et
coefficients that indicate an inage, 5 represent each wavel et coefficient
as a col | gghpppegf ordered bits, and Cs WO 01/19089 PCT/dl5dogdRed -14 6
code the bits 01p each order to indicate zerotree roots that are associ ated
7 wth the order. 1 13. The conputer system of claim 12, wherein the
program causes the processor 2 to codé-the bits by determ ning which of
the bits indicate zeros and classifying each zero as 3 either an isolated
zerobor a zerotree rootcoddthebits 3heack ordsttodndicats zazotrasiroets thahareé ssoviardei n
sone of Wi}ﬁ l\gaa\{,géret coefficients 2 are descendants of some of the other
wavel et coeft icrénts, and wherein the processor 3 determ nes which of the
bits are zeros by traversing a descendant tree.froma bit associated 4

vvithlone of sajd me of the }Naveilsc?t. cI'(}ef i Cl eRts to bits associated with
sai dlot her waltl et IRCSORBYIT PYSIULP LR 12 WATTEI NG PIORRARY Gauses (RFRrocessol s The
conpat er tSaodk B bk b deteridiig Wi ofithe BiRGndlENYERES MdRRSifiMfeadh 246950r 2 tO
provi de the wave| et coefficlients by producing different |evels of the code,
each 3| evéithenan jsglated zgro 05 3iZgHOBEE IAPt-h a di fferent resol ution of the inage.

0 T e O O A I

14. The computer system of claim 13, wherein some of the wavelet coefficients
are descendants of some of the other wavelet coefficients, and wherein the processor
determines which of the bits are zeros by traversing a descendant tree from a bit associated

with one of said some of the wavelet coefficients to bits associated with said other wavelet

vk W

coefficients to locate the zerotree root.

—t

15.  The computer system of claim 12, wherein the program causes the processor
2 to provide the wavelet coefficients by producing different levels of the code, each level being

3 associated with a different resolution of the image.
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