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images are almost never transmitted or stored without compression. Image compression
aims to represent an image with as few bits as possible while preserving the desired level
of quality. Compression can be used to reduce the channel bandwidth needed for

transmission or the storage requirements of the image.

Standardization of image compression techniques facilitates easy exchange of images and
significantly reduces the cost of specialized hardware and software used in image
compression systems. It would be extremely difficult to browse the Internet if each web
site used its own image compression technique. Different image compression software

would need to be downloaded and installed each time you visit a new site.

Arguably, the most successful image compression standard has been the JPEG (Joint

Photographic Experts Group) standard developed by a joint committee of the
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JPEG2000 utilizes a context-based arithmetic bitplane coder for entropy coding. The
operation of this coder is highly dependent on the state of the system, and it is crucial to
maintain synchronization between the encoder and the decoder. A single bt error in the
arithmetically coded segments of the bitstream can destroy this synchronization, and

could result in erroneous decompression.

Motion JPEG2000 is a part of the JPEG2000 standard for handling video. Motion
JPEG2000 itself defines a file format that contains one or more motion sequences of

JPEG2000 images, audio, timing information and metadata. Motion JPEG2000 uses no
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structures, as illustrated in Figure 2. These geometric structures are instrumental in
enabling low memory implementations and providing spatial random access, and

contribute to the error resilience of the codestream.

The smallest geometric structure in JPEG2000 is the codeblock. Codeblocks are formed
by partitioning the wavelet subbands. As illustrated in Figure 2, the codeblocks 28 of
particular resolutions are grouped together to form precincts 30a, 30b, and 30c (lowest to
highest resolution). Once the wavelet subbands are quantized 20, each codeblock is

compressed individually using a bitplane coder 22. The bitplane coder makes three
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most significant bit (MSB) of all the magnitudes. The next bitplane contains the next
MSB of all the magnitudes, continuing in this fashion until the final bitplane 36 that
consists of the LSBs of all the magnitudes.

A
Let v?[n] =|_V[n] /27 J denote the value generated by dropping p LSBs from v[n]. The

“significance” of a sample at bitplane p is then defined by

o)1 VPm]>0
7 nl {0 v [n]=0
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samples at the start of the coding process and it is reset to one as soon as the first non-

zero magnitude bit of the sample is coded.

The first pass in a new bitplane is called the significance propagation pass. A bitis coded
in this pass if its location is not significant, but at least one of its eight-connected
neighbors is significant. In other words, a bit at location n is coded in significance
propagation pass, if o[n]=0and
1 1

> > ol +ky,n, + k121

k1=“1k2=—1
If a bit is coded and the bit that is coded is 1, the sign bit of the current sample is coded

and ofn] =0 is set to 1 immediately.

In JPEG2000, the probability estimate that is used to drive the arithmetic coder is
selected depending on the context of the current bit. Furthermore, JPEG2000 employs
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K'g[ n] LL and LH Codebl ocks HL Codebl ocks HH

Codeblocks K [n] K' [n] Kd [n] K" [n] K' [n] Kd [n]
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1 dkterRir@s the-prdbability Estinat? (it &vil2 bOugeddn @rithmedic®oding. 0 0
101 000000000 15 As stated earlier, the
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Table 1: Context Labels for Significance Coding. “-denotes don't care,

x*¢[n] | LL and LH Codeblocks HL Codeblocks HH Codeblocks
"] | x'Mm] | ‘]| «"n] | «'[n] | x“[n] | «“[n] | «"[n]+x"[n]
8 2 - - - 2 - >3 -
7 1 >1 - =1 1 - 2 >1
6 1 0 21 0 1 >1 2 0
5 1 0 0 0 1 0 1 >2
4 0 2 - 2 0 - 1 1
3 0 1 - 1 0 - 1 0
2 0 0 22 0 0 >2 0 >2
1 0 0 0 0 0
0 0 0 0 0 0 0 0 0

As stated earlier, the sign bit of a sample is coded immediately after its first non-zero bit.

Similar to significance coding, sign coding also employs context-modeling techniques.

JPEG2000 uses 5 contexts for sign coding. The context label x™'[n] is selected
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Table 2: Context Labels for Sign Coding.

7'n] | 7'[n] | «™'[] | x"[n]
1 1 14 1
1 0 13 1
1 1 12 1
0 1 11 1
0 0 10 1
0 | -1 11 1
1 1 12 1
-1 0 13 1
T 14 1

The second pass is the magnitude refinement pass. In this pass, all bits from locations that
became significant in a previous bitplane are coded. As the name implies, this pass refines the

magnitudes of the samples that were already significant in previous bitplanes. The magnitude

refinement context label, "% [n], is selected as described in

Table 3. In the table, &[n] denotes the value of the significance state variable oin]

delayed by one bitplane. In other words, similar to o[n], &[n] is initialized to zero at
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however, a run-codi ng -edetmay—allsoogccyr in this
pass. Run codi ng occuts en QII fodd I dcations in a
colum of the scan 39[T(gFe| Rgure 3 —dre

insignificant and each_has|only ilnsi‘gni f|li cant

nei ghbors. A single bijt lis| then |codgd tjo indicate

whet her the columm islidentically zero dr not. If not,

the length of the zero run (0 to 3) is coded,

reverting to the "normal" bit-by-bit coding for the
location 15 immediately followi ng the 1 that

t ekheithiad enil fitred passisthe clean-vp pasoywyhiol takBEE2Oiny bits not coded in the

estreans The structure of .a JPEGO000 codestreamis )
io&%B@WPéF%S&S-i ﬁy E?@ﬂl%“’ gl?ls RS IStfhél (FBeePass so sigrificange coding,
t hig deQeiRed e idhife MBR RSP SSAbAs fik QE@det%%Bd@Ehgcs'farﬁﬁels ‘g};i glis pass.

arranged to form 20 packets 46." There can
pd&Nkieshe dgniGearise prapegation passohovespomdimgodiag meklé g &lso occur in

" qual | " Each i ns.
c TR, R B iy i wRRE b TP TR e il onm 39 oo

t Higurady) areddsipaifioas 588 chdhois GABERLRAR k@ RiRbors. A single bit is
mul tiple packets. Packets play an

paytitioned across acket
i %@@&ﬁ@ toripflisate whethst de gelmnds idsntiesfilydatceorwiot. Hf notathe length of

i a T R I T A N
i moreditdlp folidwing tHeHethawiniinkied kenzess gach codebl ock

in the precinct into the packet, and the body
cont ai ns codiggogasses of codebl ocks. Packets that

beystemy ¢f JPE 0 Codestreams
The structure of a JPEG2000 codestream is illustrated in Figure 5. For the purposes of

forming the codestream, compressed data from each precinct are arranged to form
packets 46. There can be multiple packets for each precinct, corresponding to multiple
“quality layers.” Each packet contains zero or more coding passes from each codeblock
in the precinct. In this way, coding passes from codeblocks can be partitioned across
multiple packets. Packets play an important role in the organization of data within a
JPEG2000 codestream. Each packet contains a header 48 and a body 50. The packet
header contains information about the contribution of each codeblock in the precinet into
the packet, and the body contains coding passes of codeblocks. Packets that belong to a
particular tile are grouped together to form a tile-stream 52, and tile-streams are grouped

together to form the JPEG2000 codestream 54. Similar to packets, tile-streams are



particular tile are grouped together to forma
tile-stream 52, and tile-streans are grouped together

wo eooftonTong he JPEG2000 codestream 54. Sim | ar tPCT/US2003/036213
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packets, tile-streans are WD 2004/ 047010
PCT/ US2003/ 036213 9 conprised of a header 56 and a
body 58. It is possible to break a tile-streamintq
nemprted of @ headsede and ahedy a8t gssiblerie brepk 3 fllerﬁﬂreémb%tpfnulﬁple
cont tile-part
AR 1tk o, ARG 18Rt Lol BICN R Hhd 8 R g tle-parts
G&mﬁlnttﬁe-phﬂgndademg ”ﬁ{erdi ealsc admair beader §0 et BRCbEgnning of the
er dengfes t en t he codest am 5 Error
REafep et L EPE i BOERIETOS SILEBOU O dsarrash o
usi ng a context-based arithnetic bitplane coder. The

operation of this coder is highly dependent on the
sEatm‘lbésﬂncmcesystem and it is crucial to maintain

nchroni zat.i n.,the.encoder .a decoder,., A

SFre Giip B CENS et B8 tm Sles Rl Bl coder.
S ?Hé‘@fﬂ%r&l&f ofithi8 chdek %ﬂﬁgﬁﬁﬂ%ﬁﬁd&ﬁ Sh fRYstdtObBhe system, and it is crucial
synchronlzatlon coul result in erroneous

d Crantin £2 syr@hronmng@ htfseen tiesnpgdsp pedihe slecasien| Asingls bit error in

RO LSu B B F Wenaio o

Pabiilt tieQilt $©teBroh&ouis Ndecbmptdssibin.NET@®fcoddbie i€ problém) Beveral error
ternms of error resilience, this partitioning ains to

i sesilisnee wolsors prayied Within PEGE290% i on  set to t hat
particular partition set, and prevent error

propagati on across partition set boundaries. This

| 0k phriticionidgodthe catlesteamr it diffralt partsionsets istthe first line of defense.
codestreamis qrganized in a. hierarchjcal fashi

E&wr@éeé@wréaml@%csf i RAFPINEAS Ihis faerropg A fypne partition
%dt%rt éll eggﬁ&ig | ard % (/&?ctérﬁﬁ Po5A2afSh héPBepartition set

ssential for 20 correc
d Qomﬁdahess'l“lnsl 1sofat1bin ecanesch sd:vre&d havelsf siseeahé codlestegfamiperganized in a

In header are val able at th decad th .
GBS BT DBAAPSTETRS B T idogqrihe mein header
SicBhia | Yitichll 1nﬁ)rfﬂa{1§n s§cthr§sai?ﬁa 8%91& lcollSblbaksdiz&U hhd B essential for
transm ssion, the decoder m ght be unable to det er mi ne

s&vne@ldeganmm@thﬁmdewelam Esecaons of s mein heasder agunavailable

i g@lgnﬁ - q?% ?l?ge&gﬂcﬁqr} ?rtéayHoJ[ ‘%e ablhtgsdﬁg}c%:?ﬁes %Oéigs;ﬂr'éea%n :/\ng I%rly, ifatile-

0%&le'£m hehddriib €osPalfiSe WRiisenidPon)tthd He@deamdpti e Unablstio determine
tile-part header was | ost. Hovvever i f the_ header  of

arsgvasdl patpeneters that wilhle neqmleedgfar qogregidegomprggsion gfdhat tile. This might

pared i ildog el B, 7 O RE O G GhB, Kl Fpars v

Cutiliofd aid R ﬂi'ﬂsgﬁle-ﬂaﬁelﬁbaﬂ@ \b& Jodi. sHaWdeai ifl tﬁe heap:hc kEtny of the

header is lost, all of the datalgthg cur.rent andh .
f gprya@lnfgééﬁ-@ggs ¥gtstlost, the decoder woul le to decompress the earlier tile-

parts and the remaining tile-parts that belong to the current tile might need to be

discarded. If a packet header is lost, all of the data in the current and future packets that
correspond to the corresponding precinct will have to be discarded. Since codeblocks are
coded independently, errors do not propagate between codeblocks. Since coding passes
from one codeblock may appear in multiple packets, errors may propagate between

packets, even though packet headers are not corrupt.



correspond to the corresponding precinct will have to
be di scarded. Since codebl ocks are 30 coded

WO pdependent |y, errors do not propagate betweePCT/US2003/036213
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codebl ocks. Since coding pagses from one codebl ock
may appear in nultiple packets, errors may propagate
bet ween packets, even though packet headers are no

t
c REG00 proyiderormectoism WETs thspeoist besgorsan bpexfraeted denmm every
provi des chani S :
Rt ER B ATnlP teEiEof B8 dRRRKElch PRI AR ANG as packed
hpagler ederd. NPadkRl PatieatiedersTtunsproside efgnifiedt advaatgges for error
packed packet, headers. Packed %gcket hegde%@ gan . .
prasilicaee Eihpinain andhtilepgnthiedegeeantis iragsmiied iy alopgless faspion. Since
| fed | | [ARSH T R acket, th
| e PR R0 olptn 30 R AR 51eE oF A ik (RSN b hacict, the
c dedodencdnheilize gt hfornmmtiby tesolfe atdrs.codi ng passes in
the packet, the decoder can utilize this information
to isolate errors. Error Detection and
R s j SE&Nt the hierarchical data
p??%?gﬁpﬂél?agggéglgyﬁgvi des several _ 10 nechani sms
f do eomplentbat ethe i bisraschical edajm graridtioning,i SFEGLHY puesrdes several

mechani.smj.s the .e- stuffi rocegure. in 0

Thes e geer et e BRoPEREE ik Sublnt SRR e byte-
J %’ﬁ%ﬁ&g REArE TRIFEGR00E TheRes thOtsdufaBid ttecgiffiapprocedure, the
va

ues ( OXFF90 t hrough OxFFF i nsi de codin% gasses.
THREG2060 aritbmetatadstdersmoriroiivgs cerriraplughPsE ¥y fgough OxFFFF)

reserved.for co tre r . L. ]
oS s, e SATBERAl A R PRES Lol B felbived fo
elch@strBad nREkets r BlexpSaodd@éctionef end oftheke valuts wouldmalicate that an
resynchroni zati on nechani sns are enabl ed by node
varoahaopesurtihese al ternatives to the default node of

the codec allow additional capabilities in exchange

for some small decrease in conpression efficiency.

e 20.yariati,ons.are control| ed.. I
S Seihp Rt deRa e SN aloReRul s fified by mode
| iyatigGodsh TRbBdeCaMorn@ives 26 @hd defadltl mbid e dkel codecealiwan ceditional
error resilience. Table 4: Myde variations. _Swtch
Degpatiiliti¢soin exghmmedossome small decreasiiBy CHyRygEsion #@S@W . Mode
Reset ..cont ext . st.at es ] : e t :
coagriSEResn R BRI SR Gy Aol P ThekmdR switches
are listed in Table 4, and are not all intended to enhance error resilience.

Table 4: Mode variations.

Switch Description
BYPASS Selective MQ coder bypass
RESET Reset context states

RESTART | Terminate and restart MQ coder

CAUSAL | Stripe-causal context information

ERTERM Predictable termination
SEGMARK Segmentation marker




ERTERM Predi ctable term nati on SEGVARK Segnent ati on
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probabilities used in arithhetic coding) are reset to
their initial values at the end of each codi ng pass.

If the RESET switch is not specified, this._ . . L. .
| Wihenahq BESEB mode issed. g opniswt ates (& ortheptpbabilities ygacip arithmetic
pass.. af 0ck.. t hisS t

C ORI Qenf LR Bl bR P D RESCAFNBES. IEfhe RESET
pewiadd BInopspseciid] thiy iapializativni ceosrs ohlyeprRiESd AleTirstdddidg pass of a

gggd‘}giqqﬂ.hggg/q? quigg@dgfq%gése%géﬁl&%?@é t gieg S a{l?tale,qgis useful in

ShyplaToc R oARHAP. B20N of these segmonts e

signaled in the packet 10 header. Thus this node

redu conpressi op efficien and _increases the

e eI SRR s Pirey0r S4B vEarh AERE TRty of cach
Us&ditl ph@ BRSO RwhER Shik BotREIs RliR6® dvbry ¢dUHLP&STak HB own MQ
decoder's data recovery abilities. The goal of the

ByekS®rdsegnen. tThepensth od cpelt of drse seamanyy isysignalesi hthe packet

rate th little 15 [pSs in I ' LGl
vRERE e P e PR SN A o g B amount of
dyvériend NHofvEVeR! the RERTART ansele ipreagefil o) ertordesibanpdsince it
(magni tude refinenment) codi n? passes, when p < K - 4.

| incagaes thodeapser's dataregpyray pBiliEES. i vated only after the

tenth coding pass of each codebl ock. Since after the

tenth codi ng pass, the synbols fromthe first two

c Qﬂg @gaIPQMYELQSSI afode xdtb Prdvide ghiboed shmpkestity at high rates with little
probabilities for nost images, this 20 mpd S pot,

udesain gorppiserion ¢ificieanisi WoraBiemp i ceIeaH0 tﬁ? PR Eode? s bypassed
CQ[IH£§ g%l ﬁ’x{éh@f fidafitYro Bn) hREsdbhé gﬁ%’nithée refinement) coding

bypas I'nary sy s are stored In raw
s pgs¥es twhenTp <akoi 4. Thetheapyweds, dris enasfe it hetiitdd onily iafigr the tenth
mar ker codes inside these raw segnents, a sinple bi

t -
stoding pessmi sedueadebloek. a¥ingn after thaisethcpding gpssy thgsymbols from the

S nts into the bits ) ' . ' .
SRS e BB R R s i
t endiR doed it NiBiaEY rekltd tasidembldredwdtiantin @fmyaassMy efficiency. When

segnment (clean-up coding pass) as well. If RESTART .
oM Q epdeisdiypassech thainary syrabols AresfsF Baasesments.pEo avoid the

e of C i . 10t . o
e
r gtHanpropeditets ddepér Inserfinn biimw segohents b thesbitsetam eefjuires the
by the stand r(fisthe SEGVARK e. If thi%m)g | S nated
3oraneus Me) 0036 wamealtabg teradppieq: IS T Segraciy gy ?%he fgpminate

t Riof RFtnO btattld® ah BiG gt Rdea@f coling pass) as well. IF RESTART mode
is selected as well, termination occurs at the end of each coding pass. The length of

every terminated segment should be signaled inside the relevant packet header.

Another mode that is defined by the standard is the SEGMARK mode. If this mode is
enabled, a four-symbol code (“1010”) is inserted at the end of the third coding pass of
each bitplane. Since a bit error in any of the coding passes is likely to corrupt at least one
of these symbols, the decoder can detect that an error has occurred, and discard the

erroneous coding passes.
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occurred, and discard the 12rroneous codi ng passes. WD
2004/ 047010 PCT/ US2003/ 036213 12 The standard does

not define a particular codeword term nation policy

that needs to be adopted by the encoder. |In general,

t ' t.o ] rgs: |

i SRR odol By R B AT RRANA fefcl Bufieds to be
Widptddte tEEScBibTbtlgenieral Sheitricotardsifred toecraricaielthe cadopdrds in any

a predictabl e termnation policy for eac .
r awmeédamﬂldr%lgwemrrwﬁ-ﬂa@dmaa e%w&wewﬂ%wﬁxegﬂ%m mode is
t hat_ anaar i AN : i

AT EIhRacR A0RE 8 B ecRAabIp 1 enfRifoh 018 forfeh O andlor raw
atddewopdseahieat. Fhusabsddcoderahn detdétitigpt ad Orgrdesesinrihiorn particular
t he,, CAUSAL node is utilized, the context formation
pFUHRERASs nodified slightly. Recall that the scan

pattern of sanples within a codebl ock, as shown in

Figure 3b, was a 4-sanple stripe-oriented scan. In )
CRUSBA Ufidle modh avas defirled dyihe standagd townllowmarallst priopessigg of coding

are _engpded, wi dependi t he, values.. A .
SPReRRaTEE ML SR RS P a s OB IR ot eimodiied
S EN§S RletaAlMhbtihb E@nPhaftbBF s@hfleé WaBinettodsblock, as shown in Figure
insignificant. To 15 clarify this, assupe that the

s Abyivas agirsamiple sepe-paented scanhls GRUSAL gareds; the samples within a current

iLJustrated | 3 Lt '

B PO e R IR s bR 6, s, wen
StHel deatextsfaré femEALdEANamipixd drons futhdelsirfed arcttheated as insignificant. To
significance states a[nl + 1, n2 + k2 ] are . .
c el dssugnerhat dbs e 67 Rblogation B i3 being cngedesk 25 illustrated in
Rl T 1S S

T Soe P gngy fpe st R, ZHEIC SAGRES HPulth row ofa
| Birpenef tHerCAVBAE! B6d Refileekshé sighificamiedtaesexpandimork,] are
mar ket that offers additional technical challenges.
Vbertsidepeiotodrsech, forakes —a04.t ransmitt ed over such

channel s, the conpressed codestreans received at the
decoder can contain errors. The decoder should 25 be

a j [ oi sy
c ?@@Be%ﬁé%&éﬁ ?%‘g%ﬁgi%% rgeds]g iﬂég’%ﬁﬁg hods rely on
efThe elagsthissioh bORYageeest Sodsh abmaraicddmecichant]s sucht d3ehe Internet or

state of the system __Such coders are very _sensitiv .
¢ itslass rmetorks o 7 GHUAY r ERmIding dugECHs o srn Addifgnal technical

d%ﬁaﬁlenggst. bR & ol R %‘ag s Qfe %ﬁsnggt@q’_dcﬁfer e @Annels, the
error Fn the codestreami s detect ed. he operation
otohpahsadentiestemns eceived & thodteoderear cortain syrors. The decoder should

communi cati on channel s, ) . .
be able to reconstruct images using these noisy codestreams. Many image compression

methods rely on efficient entropy coders that are dependent on the state of the system.
Such coders are very sensitive to errors in the codestream. The JPEG2000 standard does

not define the behavior of the decoder when an error in the codestream is detected.

The operation of high performance image codecs over lossy communication channels
requires careful design to avoid complete failure when the codestream gets corrupted.
The design is heavily dependent on the loss characteristics of the channel. For example,

suppose that the channel introduces erasures such that some of the transmitted data is not
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For exanple, suppose that 18he channel introduces

erasures such that some of the transmtted data is not

WO 2004(4](3)4701 PCT/ US2003/ 036213 13 received by the
de€6eErd biihadegodssdsiuch ¢ medal iy aguallyaised t repprseridhe transmission
th LS Si {erl st f nfernet. .
BTN P! O LEREE S %, £t BhneL s aveilable, one
apirrocech cowd b tdrequast the eetemtmiskion o€losedusa kG il kedier. This is how

I orf#.}ﬁtﬂata fromthe sepnder, This is how_ reliable

co P eammpycpton isiremigued oxes the Internet vaipg die TIGP/RR pratecol. If the
TGt Rebifved #6auptdd i dé%ﬁé ' i t

i rrage (c or data 63;%{13?)%@ (%he ag%@tzﬁlsléégsr%agls? %gg g%tc%gaaar%l sends a
s enesage torteasaape thas thetietaswas@rruptedt Thiecrdatrasendsthe data until it is

C .. The server resends.the data.until if is .
r g%é#{\aée(gg%h?ﬁoeﬁor'er rUPS{RetOL S aherEGh ih t Aspiageniseyentually

t hateivatEerrorefie. | HoRwRRa! WHatel afe MBGIobEEides I Plrsil i
However, there are many downsi deg. OFi rlst o? rsé\l(ft\:aﬁ}t’ rt]llng approach

appyEsss fegdback shasned. Insetisaesesctuaha channélmayome exias esthe decoder

S / y Xi st, or the decoder 10 m_gh

o R Eef RERA g TRl &Y Shaanfs GEiis Cucp 1 the chamel
c axperianges 4 fot df1essed) Anelransefgst OGRS VA If@he? Flob@#R@Rannel and
thgﬁ% transm ssjon requests will further flood the

c

fetiys Pandwidthopf the chguneb il ke gonsidsrahly dovedradivethermore, this
i i t;hi .
b, SRR B B YRRl wpegtion.

for real-time applications. 15 The current practice

V\n’dﬁh JPEGR2000, i mgages i s to discard the current and .

f JehreErERdTRAgice JbsREG2QP0 imagsg dpiogtiscard he gument and Geture coding
| $HaskRk ' | ' S . expl ai ned

cBe R T EtolhIG I Mt Bl R URErE plficufi RoBd Bl s
c enplaned ealist, shethiiptpnes affeatheodvbBck tie col@rdsSid stabhhi€Rom the MSB
cgdiggg BASSHS. & & erforned fgr each codebl ock. It the

& SrehoBy Sltites codifie Rassesy ate pegfopmed for spelt cedslagk. Jhshs decoder
bidefkRRa%oe ﬁ%ﬁﬁié@&ﬁ&dﬁﬂ%g %ﬁthlaﬁés 208HsBeced RASSERer coding
are kept and the current a uture codi ng passes

b@rssgiaryg kew andethe ourrentt and: Gdeilel axkngpassel belangieg.to the current

o C bl.ocks are not .affected. This ults in .
0 ggc.?é’bé%c%df% g}scairied[ Qﬁht}r gegﬂg?q‘iﬁ afedigt fit&lﬁléﬁé{ &zllxs rpﬂ.&s in poor quality
r égitereaddsaatted ilayod foe tli‘eol‘é{?wnoéﬂ‘écteamlysthp E8dbldek. Fhis practice is

adopted in all existing software inplenmentations

i REPRIEd gll exdytingsofiweare/ ispiananations it gling INOREOIDC 1/SC29/WG1

Varitoond: T i cal. Descr i pti on).." :
A o2kl RS B REP B0 o,
offKakddned\ comipleliersdnep heaily sRiniived, SullPebibliardtQbftware toolkit for

JP 0 devel opers, ™ htti)://ww. kakadusof tware. com
MIF%Q&& veloppsss pdittpy/www.kakadusoftware.com; M. D. Adams, “JasPer,”

D ARG 4R hd); %%ggﬁé} ‘?ﬁ%%:;Analﬂl%lgrﬁ]e‘]n%a 2ot BhG2000

ementation ot J 00
standard in Java,” http://jj2000.epfl.ch, and no alternative to this approach is present in

literature.
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SUMMARY OF THE I NVENTI ON I n4view of the above
probl ens, the present invention provides decodi ng

techniques for decoding corrupt codestreans for
encoded digital i nﬁEMM%RﬁQF HE INVENZAON: ul ar ,

J i ' o) rror .resilienc .
SRR 044 O AN B S s o
of decoding groatugo codektreanssufidr @sodddEGZANinmageryWided ahdl€in particular,

un [ i es are.coded. in a way that introduces

c e‘ﬁg}%og %Bﬁg%iﬁﬁg dmeraved prox fegiligagepropesiesdat a ar e
partitioned into n partition sets to limt the
dependencies to, for exanple, finite spatial regions.
Th'thodﬁ&th‘gltéCth}niquhaappiyio 3 clBs obcoding alpdsithngs ark as JPEG2000 in

t.ai ni Il the data. Wh an error .
P B R Bl B S cEhran koo

eadopeintict i theS@ita.d gherdata Sre WRghiiRled 39108, 891]tiltioﬂ rse1ﬁ to limit the
none of the remaining data in that partition set that

f dlependonpies der & evaynbe Baites spptidl regionst hé&"ﬂlﬁopcg;sibimg nthat n = 1
i D, it t ndenci es .
g g el o R o

otgaetitichesee; kteddpeAdinsic Mithite R R pYARRE setlRteRitcURbether some, all or
codestreans are decoded with inproved i mage quality by

ddiose of Hy emagtingdatp in that paititipn sefrthadollovinke srrarmyay hesalvaged.
d ' i 1 hi r . between, th artition ...
o eREeATe o iy AR b ARROR S R e teichEs SSeh partition
s aktsalgetmiteerhetiior dat i0 other depnderigee @Ha:?g)e shivas&l.

sections. External information on the location of
errors i s used when available. 20 This is acconplished

basdiflip® BodeleARSEE H&BH%H ghalgrt%y%ﬁn{agg g?ﬂn%gf@&gﬁgn%%% errorina

be errors in a partic on°<s

t lpattitpatse(, analyzing the ddppreiedeins witkinshd peiaps Isdtivedn ﬁhﬁ partition sets,
oL Sk BB bl B o ()
CrBa¥eiseftik. ERErEDFSSIHAARN orhe 10tatiBEGE A0 s id P%&le\ivl%en available.

conpressed codestreamis partitioned in nmany
THéitis decompdiahed hased onthe opsritativh traeevenitaugh there might be errorsin a

o SRS e S e Sy i st
dicbin@lesly of pAARI PSS datfe) eI A@kMEpd) DnREFAIR WIRM or “switches”

used during the creation of the codestream.

In JPEG2000, the compressed codestream is partitioned in many levels. The codestream
is first partitioned into tile-streams. Tile-streams are partitioned into packets, and packets
contain coding passes from different codeblocks. Entropy coding is performed
independently on each codeblock. This coding is carried out as context-dependent,
binary, arithmetic coding of bitplanes. Three passes are performed over each bitplane of
acodeblock and a separate bitstream is generated for each codeblock. The decision as to
which pass a given bit is coded in is made based on the significance of that bit's location
and the significance of neighboring locations. These passes are named significance

Dpropagation pass, magnitude refinement pass, and clean-up pass, respectively. The
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each bitplane of 30 a codelbock and a separate
bitstreamis generated for each codebl ock. The

de i sion as to which pass a given bit is coded in is
ofling iFhpiques e basgA on theabsarveationthatieven thoggh thcmmxght be errors
ang ri
pags‘;*;‘%s?%&ﬂ%%%@% [ fordh BRRR Co 00 BAREL KGN s AR W Bmpletely or
nﬂgmlallyd éecrodabln,e dependpgsen carainCinedd switcRASRESET, BYPASS and
The WD 2004/ Q4701Q PCT/ US2003/ 036213 15 _
@%@% %4%@&@%6 Apdion coAessam 3Bd Bihother eviempldnformation
e\&g avaﬁtamé% tﬁén%eaﬁld% o@me dPore e ﬁnr{:e' J&dﬁ‘g éJaés%E ufﬁl? {Be decodable

passes, sone (or al future co
becaéd??pP@flt!DI}edobethm nivdtiply peleloxisy adylee th@l@hemdy nge Gdm the same

h BYPASS CAUSAL) d
BN R Ib B e TiE T iy vt g peAtuly Getermines

exttosv théd eriotpasmRhie® througdhStha ¥eddsable b%dtoﬂf%hé &&%tdf%sé?fswmhes
the errors. The future codi ng passes that my

dekhscagtions of the cpéesygrmithat areatdt b&feciedtby thektrppire decoded rather than

qghg% scafd@n though they are fromthe sanme
code Ck en an error occurs in the codestream the
decoder carefully determnes how this error

agates t?rough t he codestream based on the state

ﬁf‘eaé’él odhygr s andpqyaniagasiob e l@fentlﬁerbMpmeam those skilled

t hat d d t.he
e e ——
adogetheageth thé ad:dmmpaﬂymgtdr@nngﬂ,hﬂwhﬁhappar ent to those

skilled in the art fromthe follow ng detail ed
description of preferred embodinents, taken together

with the accom i | EF
DESCRI PTI ON OF THE \"\{ Ggri@'ﬁ__ﬁglﬁli ﬁé @?é
aiidel, dsslescribed eboeti 'agrlﬂmlodla@famRE@Zmzeoc eﬂ@fder, FI G

2, as described above, is a partition of wavel et
subbands for a tile-conmponent; 20 FIGs. 3a and 3b, as

dE3IG! 2,8 AeaRDYE abReCisth RiRIATSVvRRE ?lﬁﬁ;@ﬁ@st i}opg ti?%ccﬁnponent;

codebl'ock and a scan pattern for ane co
respectlvely FIG 4, as described above is a sanple

r used for, the for ion of 25,
SI gnl T% ?@{3@?@ éﬁ?%&&ed ﬁ%‘a‘éq’ gre a::_ﬁ%{g{lang repyesegidion phagodeblock and a
abeanepattem fr bitflRhEcolE AP tRRFeSt r ean

FIG. 4, as described above, is a sample neighborhood used for the formation of

significance context models;

FIG. 5, as described above, is a simple JPEG2000 codestream;

FIG. 6, as described above, illustrates the formation of contexts in CAUSAL mode;

FIGs. 7a and 7b are flowcharts of the decoding techniques for decoding corrupt data in

accordance with the present invention;



FIG 6, as described above, illustrates the formation
of contexts in CAUSAL node; 30 FIGs. 7a and 7b are
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corrupt data in accordancdéwi th the present

i nvention; WO 2004/ 047010 PCT/ US2003/ 036213 16 FIG 8

is codebl ock bitstream FIGs. 9-14 illustrate coding

pg@ %’éﬁé‘?é@ﬁ%‘?l%@tﬁmeﬁlﬁbut external error detection in
accordance with the present invention; 5 FIGs. 15-24
illustrate codi ng pass dependenci es with external

eFl@s. W4 eldwstate codingeess depsndenaies hwithmeit pxégealterror detection in
[ nvencigigon' Fl.Gs 25- %6 are exanples illustrating

s AFFPFECT AP REpreRRtdyeiPed; 10 FIG 27 is the

di stribution of the PSNR gain provided by CCP over

KDU, and FIG 28 is a block diagramof a JPEG 2000 o
i FHgs- n-Hhdllesteste icoding qppss epandencias Wikl axtemml error detection in

DESCRI PTI THE L NVENTI ON The present invention
p?%@f%&geggg%ﬂﬁsqné%ﬁw%%s for decoding corrupt
codestreans for encoded digital inmagery and video

sequences and, in particular, JPEG00Q codestreans
\NIF&F’IS 2P0 avecxamples illysigiing eamadesthairantesalvaged; i s cl ear
that the present invention is applicable when the
i mges are part of a video sequence, whether or not

t F8G Mt ik dtie di2eibdiRk(2000 PRNRegdi:opioaided by €XGR oyee K DUhand
decodi ng techni ques apply to a class of coding
al gorithms such as JPEG2000 in which the underlying

| FRgess ig %eol&%dcﬁ%%réﬁ o a%ﬁgt-%}g{o a{hfa%ng ‘3{1& AR uBRAoR sstem.

known ‘dependencies Int ata are
partitioned into n partition sets to limt the 25

The. posi bi MMt ATHED SRR b SriE Ty Ry o™
Pght Bfe's&ﬁ iBRhtiGPRb Bl Bod@hd tebRBERER deddBn @b @pTEMestreams for
not be literal image pixels, but may be obtained b

s enedpd digitskiimagenyfang ivideb s¢quenecesendyip barticulan @E@é@po codestreams

vvav&lll et coeffici erits. When an elémr.or ocgérﬁhl n a ‘1 tion i
paFhy IRgAveds erron, RSiligRce REPRRTICEs Wit AleAT Sed the Brgspnt ngpption is
S@ppItabRI WhAChBRRhH&Q! ars QAR of &l id sed@diRe OWhéthér or not the Motion
remaining data in that partition 30 set that follow

t BREGROW) filedgrnpes iserhplapesd. Furt hernore, when an error

occurs in a

The decoding techniques apply to a class of coding algorithms such as JPEG2000 in
which the underlying images are coded in a way that introduces certain known
dependencies in the data. The data are partitioned into » partition sets to limit the
dependencies to, for example, finite spatial regions. The possibility that n = 1
corresponds to one partition set containing all the data. The data may not be literal image
pixels, but may be obtained by some processing of pixels; for example, quantized wavelet
coefficients. When an error occurs in a partition set, the dependencies within each
partition set determine whether some, all or none of the remaining data in that partition
set that follow the error may be salvaged. Furthermore, when an error occurs in a
partition set, the dependencies between partition sets determine whether data in other

dependent sets may be salvaged.



partition set, the dependencies between partition sets
determ ne whether data in other dependent sets may be

waalwagmde WO 2004/ 047010 PCT/ US2003/ 036213  1FCHES2003/036213

10

15

20

25

30

illustrated in figure 7a, ddrrupt codestreans are

decoded with inproved inage quality by observing the
partjtions,ipposed by the underlying orithm (200),

dé¢ él&tﬁtrﬁtg d e 4. corrﬁpfé%ﬁﬂteflmwﬁdg%q e z\etb)lmproved image quality

T e e T e b

ofn 1 partitiah sec @92heanabzingghel degprmdemriesowgthin andqnﬁrhe(pz (@jween the

R St et Blremimes  fhsetions b s et G hesaliapewhen error
aMéUu!f 6T and D ding tﬁ&%%mioﬁ F]Zﬂ@?] bB}?t@ﬁ{lapﬁlf&rﬁﬁtlon on the location of

observation that even thoug ere mght be errors in
aenpes S wel avhep availableo Nhisis accmmnhsmd;basﬁd phte abeerviigon that even

Q}Oflg%f}} %Egﬁgatglﬁ%@}ss @eap%aﬁﬁ?qft i be%eg ;) prgﬂﬂoer}sgoef tpag[ sgt (or other
%ﬁﬁdﬁft set%igﬁhﬁﬂl belsdapleiélly orghrtifIe; doce@dbld) deindtdpdperhaps) on

tream This is trué even 10 though t he

@@’Wﬂﬂ Bpaeor GpwitehesT @ﬁeﬂﬁu@&:@i@ grsRBIN b@ ¢Qsigsir e@@”c ([ihis is true even
N

itibih 9¢t; ERleed, dOPE M%&hﬁbcb&&l@%chbﬁd @Rids eh ahsthehpaetition set
t error occurs., This case is relevant, for exanple

| e
mﬁ@wné@&mgthsa@st@m feb . avhackitbis | SotoR OsPwSt Urhinggse 1s Televant, for

Pk SO AR )ROSRt ot

r pickegnce to JPEG000 but it should be understood
that the principles described herein are applicable to
ot her conpression algorithns for both still and video

| FRO8S ol WY @Eb@mg&%ﬁﬁé &és@@béa% edl @mh‘i@i@fe%cé{é TREG2000 but

dependent fa n an e rul es governing t
dépshodleniod esdeasteodk tieatwthe Foncipl29 descaitypd dacreliibareoapphcable to other

BRI Hap e TGy B aacict Bt e e datear

Tbb&dqﬂguggenuén%mé@&dQHé s g%@%ﬁ@th@& §RRE&Ros are known. For
bi nary, thnmetic coding of i tpl anes. Three passes

aexanpde fMptiedJRIU@2000ach bit pl ane of a codebl ock from
the nost 25 significant bitplane 68 to the | east
significant bitplane 70 and a separate bitstreamis

g AR L &Ed hBsvee ACIPERYOD] dekpRsodihg 1sjetfafrael indefendetithy on each
The decision as to which pass a given bit is coded

| h0d®lwkd Shisseding irartes it g&ﬂonte@admsndmtt imaryprithmetic coding of
| gﬁgalfip%sh nedlerﬁélgsees Sg S]‘%é ofrm§c?8\9e eg lﬂ&)l@%@% a co@eblock from the most

PkigAHERALt Wifplane 68 to the least significant bl‘tplanzl’;()I ;niin; separate bitstream is
generated for each codeblock as illustrated in Figure 8. The decision as to which pass a
given bit is coded in is made based on the significance of that bit's location and the
significance of neighboring locations. These passes are named significance propagation

pass 72, magnitude refinement pass 73, and clean-up pass 74, respectively.

The decoding techniques are based on the observation that even though there might be
errors in earlier coding passes, some (or all) future coding passes might still be

completely or partially decodable, depending on certain modes used during the creation



pass 72, magnitude refinenent pass 73, and cl ean-up
pass 74, respectively. 30 The decodi ng techni ques are

whamed4om t he observation that even though theper/nsmht/036213
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be errors in earlier coding passes, sone (or all)
future coding passes mght still be conpletely or
pza(gflthall decodabl e, dependi ng on certain nodes used
duri

g cotrstiesBatlioohe ¥ifschiveho nies goveaingdrodpeadaRiEs within and
1 q- i .4 h I e
Bpehaps BErvicRd ‘ﬁ%&l‘h%ﬁ%ﬁ dalPmpP& vE %&?\&ﬁé%%’(ﬂﬁﬁgﬁ% rgg gl*?o%\gntlag iggre 7b for

governi ng the dependencies W
pattiG2000 édagka; @rmpstodestrdanare deSpéxa Byl dbdbivihg tRSp& M limposed

BB oo DSBS i Choe et
JREGRORM @b gﬁbéﬂd‘lﬁ&ig;m}lgllgi)gt&gﬁlgﬁgﬁs%iaﬁ gcfe?lh%d By Fhe states of the

particular codi ng pass
ddp¥RAERCRESEN andi CAUSALowdiches 2 246, @l 2468f (step220), determining

t tates of .th BYPAS. RESET and CAUSAL_sw t ches
ot 5580 Rt Hte GRS SShged Wbwcrara Prigh (A decoding those

seetticiR$22f). HPEGH080 CARrh c
(222) aﬁdp{j)ecodi ng those g)é%taidgﬁg’%?%@?EOI%&%EE&%EO%FHPOMM,

a 3jHertt apreeiaet, eparkbleora eadeldocka Todmmpreifit casas below, dependencies

til.e- . J.l e-part, .a precinct, acket, or

- SEAPARNY o Rublofif e B REShiel FupERathepbes fom
1@odettocBairy fifrthenbhifitione RadssinhilAple ALK, \tePerd®¥ndes are analyzed
cqdebl ock. ,Wien codi ng passes from codebl ocks are

f

e Deatitiqn et vends paskethrul ti pl e packet s,
dependenci es are anal yzed between partition sets
gi ven by packets. Different parts of the codebl ock

biifferennpurtaot the codsbbockrtadtredisl €sin Bé fdc6v@Bd ub&e WaFéreSt scenarios.
ternal information_on the locations of the errors

15 Ex
c %ﬁ“%“éald? O RURE ngatirns stithsgrromisen be piilizsddaring decoding. Such
b8 @ALAGSE Garl HRMAARANN Blone 9@%‘%@ Bales AR5 Qx@palﬂﬂgglgd %8 RIPEG2000

JPE&R000 codestteam prior ransm ssSi on.
paolestreami firioh éaltraesivissides , Fa patkedswitbed mit@61ke] such bHtle Internet,

inf.oormati on can_be easily obtained fromthe network )
| {;;‘é P.%Eﬂﬂat TR b F%ﬁﬂ-‘/iObérfaéfreé‘sffom e nefgork dayst .| Ghpaticlprinterest is

fitﬁe%lbcaalfd;ﬂfftwé‘ 118 By R wWeH VD dRAS s, 'TE thbdhRornBE G ﬂﬁ%i%ﬁ}f, partial

is avail able, partial 20 dec ression of current

f Wecomapressivmef parsseanddaturdeodig passesctan Bé obtaittedExt er nal
Error Detection In the case where no external

[ Lon o he locaj.ion of errors is avail able,
erq&gwl%dig{(tgﬁ??q&;{r%bﬁéﬁ'ﬁ? nmed using the internal
' . i. d that. the. .

%%@%&%%%%p{ng%@gh 1 ?/)g%%ee or?atécg} O%‘imfrf] és available, error
e mlgt_ed@asn ismrfomaidmmhe hteﬁ?lﬁhtd‘hlagi@fglis of i]@l%G%(ﬂ{Jbl Vit "usdumed that
caodi S an arsing of a codebl oc itstream
i ﬁlfeoE%SQ“?ﬁ{sIe anciJl ERTF])ERM sw%tches have been set at the encoder, which allows

identification of individual coding passes and parsing of a codeblock bitstream into

individual coding passes at the decoder.

Consider four different scenarios, which are determined by whether the RESET and the
BYPASS switches were set to create the codestream at the encoder. For each of the four
cases, consider errors that have occurred in significance propagation, magnitude
refinement, and clean-up passes separately. As shown in the accompanying figures, the

portions of the bitstream that need to be discarded are cross-hatched. The following



i ndi vi dual codi ng passes at the decoder. Consider four
different scenarios, which are determ ned by whet her
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the codestream at the encoder. For each of the four
30 cases, consider errors that have occurred in
atl nagnltude refi nenent, and

su i ficance pr opag

gg S l%e F}lgg% de 1o gpnt Agd glgomse;sn S(lgmﬁcance Propagation: 1,

acRFRARINM Rginkh3Hl 85l 0

t hat ﬁﬁeed to be di scar%ﬂglpager[%irsggéul at E‘ﬂgl& eéen% cases that are

f inebwehindivdd@0ly4/ 047010 PCT/ US2003/ 036213 19 | abel s

are used to indicate different codi ng passes:

Si gni ficance Propagation: 1, Magnitude Refinenent: 2,

Cl RESETUS Fabse, BTPASS € 3ulsk bl ih WidnY)

that are analyzed i nd|SV| Jual Wﬁ‘éng%a‘ékggz%ﬁg&t Og’las\ﬁﬁentherelsan
BRSO in FHgrificarie pmpagatloﬁlpgsa 7I’8i, Kséﬁmd offi gaa:gﬁnpto fI‘hus none of the

error, 76 P§ gni.fi_cance

pr ofg ‘3‘&%"8%111%3%%6%%% b&‘?ﬁl‘e‘@dﬁﬂ élseé[ urg d}. Fop qumbltplm ghree coding
?gg?eg?ﬂgﬁgogﬁéd @grtﬁg%é(;ciﬁsdr{}fftvgﬁgﬁ e it rgﬁﬂe ea? %ﬁg’g&ﬁgreoqt gets coded in

paszade hasedparthe Blgmflcam stdie c{jﬁ: of gedit, af welliag I‘ﬂhaﬁ odithdeighbors.
gets, coded in is made based on

t.i.cul
: ﬁnc;?@%ﬁé@'ggﬁtcgﬁ ‘3’&19&108 1§ m]‘t]a 18¢d toierofhefore gedipgstartsn gnd updated
tfd@t: todih
 ninetotig 00 A0RRCE 4By REE URRE LSRR o o e
stcadmg Jpagngsl @pd%tﬂ!?cmgmiﬁwann@lrﬁmmamgn gatsoNgpE t1eY 6rdér infwhich the

2 AR SRR IR W vl it omsaetgeosall future

C@bdlﬁ@bassfef'fanﬁﬁlaﬁé of tetehf Be H&%deﬁanpl es are visited
within a bitplane gets corrupt i's error propagates

to all future COdI ng passes, and none of them can be

% F Ise BYPA —Flie Error
I\/ggnl ; ude “Réf T rie Weﬁ’rf’ﬁ@? aguit @‘WF@F”%O%?P there is an
megoi 80IHea ﬁﬁt@hl‘ﬁﬁfé@@ﬁﬂ&ﬁéﬁ p8, 822 bR X G ﬂﬁg}ﬂ de &)%pp She state
corrupt, the state information used in arit
g&pn@atmrusqndagmrtthm@mr @)‘dm@emagmaﬂieesﬁmmhdnt b&ses will be corrupt.
al | i tude refinenment

h
oo gﬁ 5°1£T B8 magpiuies H&ﬁ"@é‘ﬁ‘f‘lﬁ‘é‘%%npalsﬁﬁﬁéb@}l d be digearggsl. However,

tmmbmert f 0bdifi® PAsIes RADRER d. See
Figure 11. RESET = IFgP BYPASSC@Eaﬁ ﬁg@%ﬁgr

Clean-up: Simlar to the Si gn| ficance pr opagat i on

p wh h e a rr [

ORRSETE SRS 2l Py O 5l BB Sance

pp&pegatﬁ)hqtﬂsﬂ \blﬁendﬂhéféal% G8rrop®3 il HEktn-hff padd86, ¢ and o[j] get
corrupt. Thus, all following coding passes should be discarded. See Figure 14.

RESET = False, BYPASS = True, Error in Significance Propagation: When there is an
error 88 in a significance propagation pass 90, «*# and o[j] get corrupt. Although no
future significance propagation or clean-up passes can be decoded, one more magnitude

refinement pass can be used since the bypass option turns off arithmetic coding. See

Figure 10.

RESET = False, BYPASS = True, Error in Magnitude Refinement: Since arithmetic

coding is not utilized and the bits are stored raw, a bit error 92 in magnitude refinement



RESET = Fal se, BYPASS = True, Error in Significance
Propagati on: \Wien there is an error 88 in a
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corrupt. Although no future significance propagation
or clean-up passes can be decoded, one nore magnitude

refi n&gerl &P ss can be used since the bypass option
t S DPRY 3HPEh ABingle samplefExcegtior ﬂr@@assa, yhere byt stfiSEReeds to be

= 8l s€avdy Ref i.ne
Since arlt hﬁét I C Cmg‘% (rslteglhgaﬂ%%tc%‘%ésl i 78 q%h‘éiecpﬁ%r OP@ continue
ardecediog &t quament aldnll fumre oodifPpassesTERpaiFiggde 12 ef i nenent

WO 2004/ 047010 PCT/ US2003/036213 20 pass 94 only

affects a single sanple (Except for the case, mhere

byRESET HF,I5e 9B NRESks— Mebﬁri opﬁze@le&}g eﬁ'\éWh% RlAdue Igor 84 in clean-

restricted nmarker codes). Thus ecoder s

c omptiass86 K Fend oilj geﬁdoa‘upﬂﬂndaﬂtfolderng lebdifig b gp Rgssﬁ@dl_lcj% discarded.
= True,

Figure 12. 5 RESET = Fal se,
E 68$%?Hegﬁean up: When there is an error 84 in clean-
up pass 86- KS' g and 6[j] get corrupt and all foll ow ng
codi ng passes should be discarded. See Figure 14.
g@g’ﬁ( % = Truge BYBASSSTF vhseF Alroe in Sgnificanda Pogiddriof2Waen there is an
en there is an _10_error 76 Iin a

Pr i 9 ?tb‘g%glg @ﬁ&g’&?ﬁasﬁl%ﬂa}%aés Txiéamg Gehli(getschqupgeeltand arithmetic
?%ﬂ%%lﬁﬁ“%‘%ﬂ. AL A0Vl AR sh il b isB e e Figure.

Figure 9. RESET = True, BYPASS = False, Error in

Ref 96 i tud
PR Wb LR i Pl T i M«z’g&m@. diseient né ertor 96 in

| BBt LLRach: oS BAOAORLAGN RO ! ReCLERNG" By sonifance

d eoaagationFrert therdi@ineup pasbésCart RpERRAL of WL RIIWukh passes can be
P

reinitialize the Kmfor the nex magni t udé refi nement

c daadgd palja,gthegnq>re; sines thermasptistwitik widlf ieistidire the e fgfor the next

ded as See Fi e 13. 20
AR n e BRRRE e fituresmigrioyda elingmenigoiipesses can e
thecroeledasweueswﬁgﬁfe i3 clean- up pass 86 KS g and
6[j] get corrupt and all follow ng codi ng passes

shoul d be discarded. See Figure 14. RESET = True,

e L Y e N e .
Pap pasIB6HS® gn o] &k EdrrR bnE AN fotllvindd h@?ﬁa@se‘g ghOL{)g 18 EScarded.

significance propagati on or clean-uUp passes can
d8evdigte bhe nore magnitude refinement pass can be
used since the bypass option turns off arithnetic
codi ng. See

- RESET = True, BYPASS = True, Error in Significance Propagation: When there is an
error 88 in a significance propagation pass 90 «*¢ and ofj] get corrupt. Although no
future significance propagation or clean-up passes can be decoded, one more magnitude

refinement pass can be used since the bypass option turns off arithmetic coding. See

Figure 10.

RESET = True, BYPASS = True, Error in Magnitude Refinement: Since arithmetic
coding is not utilized and the bits are stored raw, a bit error 92 in the magnitude

refinement pass 94 only affects a single sample (Except for the case, where byte stuffing
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Magni t ude Refinenment: Since arithnetic coding is not
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in the magnitude refinenment pass 94 only affects a
singl e sanple (Except for the case, where byte

tuffing WD 2004/ 047010 PCT/ US2003/ 03621 1
E@geek %19% ‘eﬁeam\@ifbpr@é%n%%w&%rw %rd"’é(&“_f%k éfﬁuse gggg;qée? should
ThRinub ascogiﬁ%‘)tﬁg Fuﬁ‘é}ﬂ Uhdall GRRHe &Hﬁgﬁﬁ%g} g Hif\ge 12.

current an uture codi ng pass See Figure 12.
RESET = True, BYPASS = True, Error in C ean-up: Wen

BBy 2 A A i B e s
SEPI? lgérlég 8@‘?{“%1?(?@5%6%0 I end A0 wirt: coMlrddhakeel ShAAd be discarded.

Det ect1 on external nechanismfor error
dS¢eEigumni4.s avail able, the informati on on the
| ocations of the errors can be utilized to inprove the

perfo nce, of JPR 00. There 10 are severa
ng@ﬁ‘a%%alﬁﬁ‘i‘”ég% ¥ sed to detect errors. In a

0 t o o . o : _ &
PSP TR o i3 A, Wimatonon e
ofocpaehsaifshe ¢reors ben henailiaed tohiprowd the perfdrmanvesf PEG2000. There

dr opped by the network due to congestion. In this
B ITaY T8l e dhBnigEs JHF S NS Bl §TorSe LA PPk EBiched network,

| A&3Hat09 81vdedShto RERyd %gﬁéﬁ@ts%ﬁ&iﬁﬁﬁs‘hﬁﬁéﬁ. AtPhéddcaddrysomelof packets

error correction codi techni ques were used to ) )
p nmy detuntialabledsista thayrwiss dagepeddry the netwnilediedn cengestien. In this

L Aot ARIT IR B SF HEPHE SBOQTAT B A LDy fogestrean

”%ﬁﬁﬂﬁjl;r{f BRYr BfrldayeLofRs hinlRedire @elab protBai te codestream
t he JPEG2000 codestreamitself. In general, 'the

erganstatanymission esrors, she prroweattesondaeadenpal be used to estimate the

i nf or.mat . on abqut the | ocation of S it

BT bR o irea Ao BB bRl by Reyloped o locae
Ofrsisdiasiae th MR 000 cdetestrigeln I3 @eidrel, liacadtéras méchanism is
the first error within a codjing pass js particularly

i ppordiaaedditipna! nfermationsbrgribs Dertinsnaf cgorsag thepodestream whether
est i Jree. t:] f I ng pass

c3h B ikt Yol GRiERG bR e iEcRE, 19

decodi ng. Furthernore, the sections of future coding

asses that are only dependent on the error free

Sa.}hpilgwti@p af ke @Eﬁt CHRF W ﬁﬁoglgg §as52§ R‘aétllf:uéﬂr oligprtant. If this
?&&E}Bﬁ ?331'%1{3%‘%31 & hRlestiRalkdGhPERY! BUSsRB6H b?!gle RB#nkPass can be

d

decodi ng ependent on the swtches used ]
decompressed. We refer to this as partial decoding. Furthermore, the sections of future
coding passes that are only dependent on the error free portion of the current coding pass

can also be decompressed.

Similar to the previous section partial decoding is dependent on the switches used to
create the codestream. In addition to the RESET, and BYPASS switches, the CAUSAL
switch also plays an important role in this case. It is assumed that the RESTART and
ERTERM switches are set for all codestreams. The effects of the RESET and BYPASS
switches on partial decoding are analyzed first. Then the CAUSAL switch effects on
partial decoding are analyzed.
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RESTART and 30 ERTERM swi t éhes are set for al
codestreans. The effects of the RESET and BYPASS

1 tial decoding are analyzed first. Then
ts wé&%%&%?%\?ﬁ %rV %ﬁ%f F@@ﬁsEresgr in §égmﬁ@4n¥@6wagwg)m rWhen there is an
; / 03/,0362 22 RESET, =
e AT N A e T M & S

Praditiagfutire nodiih passésran be tecoddd cahplefelyl 88 mBrémagnitude refinement
signi fi gance propagation pass 102, K-s'g and a[]] get
c

A besleeostsdgartisbine Theportipr of the megnigusisireiingpaent pass that can be
C - tel ‘agnj t .
RS RO R B B TR R St e e

of the nmagnitude refinenent pass that can be 5

d is determ ned by the uncorrupt portion of KS g
aﬁ&"o‘ﬁfyj’c{ Tﬁ aé‘@e%l%f)éﬁ & Haise, fprarin Magxityde Ee‘imp@gt: =When there is an
F ; ls | hpement ;. Wen there is an

e or 196 et elebi ey A SR han LB b gt the state
Kahfprmatidn wset] ibgrittoktic/odding R nSdoaltede ﬂeﬂﬁ&ﬁé’fﬁ?hﬁ@s WEHe corrupt.
[ ar%%ﬂgﬁtip codi ng for magni tude refinenent passes

wi jaus PYiRstmagngudeyigineraent coding pessershoulgriietdinterded. However,
r e ' dy i scarded. However

s DRTRDL GRS 1ol PRSI BBadl RSN, SO R 10
conpletely. See Figure 19. RESET = Fal se, BYPASS =

ST Eale BPRAREE T, ot miblecnp) Vet Boentpn eror 108 in

TR lol i o4 L d 5
di sc arug d §§° Islé)' égl?i agg r @T gg&g]ﬁ%@éﬁi‘s’%g ﬁ@é&%&f’%&g passes should be
TdiseardEd.r See FiguSi2Pni f i cance Propagation: \Wen there is

an error 112 in a significance propagation pass 114,
a[j] get corrupt. Although no future significance

PROBEGEL FARe BYFEARANTHR BASH ﬁsz’%ﬁZtﬁfgﬁe %2?{%%?%%%3%83 ﬁhere is an

conpl etely, one nore magni tu

berrdetBizch sigmificatce pyopakatidn@isso14 o [{]net M. AMRo&h no future
the ¢l ean-up, significance propagati on, and magnitude

r SENHEARTR PipRagRion Ofrclen-w pawey cap he tdeapdedl. comedetely, one more -
Fi = 3 ror_in
AR EET ok S50 RS T s Bl e o oo
néte aleantupz signidicendeipeopaptionaael mbgtiede refiementYabses tdrte decoded
116 . tge agni tude refinenment pass 118 only affects
aPEIRGY e %eaﬁg ](6Except for the case, where byte

stuffing needs to be used to avoid producing

restricted marker codes). Thus, the decoder shoul d

c8HSEA e FabeoBYRESS relrwar Erent imhtigaitidef RefiementodSinge arithmetic

pé‘&ﬁﬁé” is %gteutll:ﬁz%H "4d %ge' bits are stored raw, a bit error 116 in the magnitude

refinement pass 118 only affects a single sample (Except for the case, where byte stuffing
needs to be used to avoid producing restricted marker codes). Thus, the decoder should

continue decoding the current and all future coding passes. See Figure 20.

RESET = False, BYPASS = True, Error in Clean-up: When there is an error 120 in a
clean-up pass 122, although ¢ and o[j] get corrupt, one more significance propagation

and magnitude refinement can be partially decoded. See Figure 23.
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significance propagati on amd magnitude refinenent can

be partially decoded. See Figure 23. WO 2004/ 047010

PCT/ US2003/ 036213 23 RESET = True, BYPASS = Fal se, .
ERESETi=nT1Se gV RASSem EelspriopaigarSignficapse Aranagriéon: s‘%’gﬁn there is an

error.,124 in a significance at.j onr: ITCS. :
S BB EBE PRARRh B SR b s
cai Afhskat @8diag StaesSat réet favereyy coding Pagapartispaetadihg of all
decodi ng of all  follow ng coding passes is possible.
Sédlowing eeding passesiepespible. TPerligWeRASS = Fal se, Error

in Magnitude Refinement: An error 128 in magnitude
refinenment pass 130 will corrupt xmag. Since neither

t IRESETYAITHig; BIFRLSSPE FadsgaEion imdMagnirede Refémemept: pdssasor 128 in
are dependent on xmag, all such pagses_can be he sionifi
danagdidede rfinepepibass 130 will comupy ssat  SUCE dsithey fhe significance

initialli he, K f
- SrREHE SGo TR IF R blacAC oA el ik passes can be

r abiRiEur@Rahdle, AASSAR @8 NetchOpitiogattidbewht k" *SRe the next
Figure 21. RESET = True, BYPASS = False, Error in

Chnezgnituge refthemertt heding pass.all fotromagidude pefipementepdingpasses can be
pass 4 xs:g.angd. a[j], get corrupt. However, since the
a%??‘ﬁ%‘gtaﬁyego@??lglgé@a;[%s 15 are reset for every

codi ng pass, partial decoding of all foll ow ng coding

passes is possible. See Figure 24. RESET = True, .
BYHSES = Trua, BYPASS o1 Filse, dirgen i Caereur:PNGisAdhee shan GHinl32 ina

there is an l0r . 1 iin a sigpifi r ' .
padenpnpagtt i nd 7 i et phu PliteveERts B AR cWding sates
MBAN | dd & &lelN86RAE PRRAS pakAD decodigs ofiell HloPingt @lding passes is
and all remaining passes can be decoded partially.

Sges#blgubes HigureRESET = True, BYPASS = True, Error in
Magni tude Refinenent: Since arithnetic coding is not
utilized and the bits are stored raw, a bit error 116

| R EEENLtge BYRlissenBik, Edbr paSignifiddnce Frypagatient ign there is an
single sanple (Except for the case Slv\g/her e hyte
stewfolr 18§ imeestignficanpepiepeghtos mgsol.ﬂf Br C;g]gcq[ﬁlgget corrupt. One more

restri.cted rker codes). . Thus, ShaK

cdpRsiyde r Jélgg]apw&ssf ?F‘é’sl)&ﬂ'e?%%t% cg%n&?e&%? %18%?%% 1 Cf(i)'%;g I/t])élsses can be
Pafe6ded pae@ally. Bek Bigle IRESET = True, BYPASS = True,

Error in C ean-up: en there is an error 132 in a 30

clean-up pass 134, Ks'g and a[j] get corrupt. However,

S| ﬁgﬁElt“ rieTraure,l %WES’& ¢ ?’%' %gro‘?tiﬁtl\?égnitude Refinement: Since arithmetic
coding is not utilized and the bits are stored raw, a bit error 116 in magnitude refinement
pass 118 only affects a single sample (Except for the case, where byte stuffing needs to

be used to avoid producing restricted marker codes). Thus, the decoder should continue

decoding the current and all future coding passes. See Figure 20.

RESET = True, BYPASS = True, Error in Clean-up: When there isanerror 132 in a
clean-up pass 134, x¥¢ and o[j] get corrupt. However, since the arithmetic coding states
are reset for every coding pass, partial decoding of all following coding passes is

possible. See Figure 24.
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above cases, the portion of24the codi ng passes that can
be sal vaged i s dependent on how the error propagates
from one codi ng &ass to anoth Thi s _pr opggatl on i.s

€

d&‘b@h ﬁbowaﬁqs eperdioniof thmpgwgﬁwﬁr that can be salyaged s dependent
V\g 1’% h 1102 g d@alggtres o ﬁ%kb&lﬁ% |pﬁss R ﬁﬁt&?peﬂ‘}ﬁ§§f0pg§anon is

ream een ated usi ng
CAtfsehdenttoneheoordér 1ﬁZM:lB)hlsaﬁples are Wiited dutieg QUISAIErswiprepagation is

s, turned on, the. sa Ie in fyture stri .
t Alsa BTGNS Oy I 1R O0TFERmINS bETh CEET iR AYSAL~True or
ferarmds . alf&Ghs CAUSAL sWHAPBUBHEDSh, tHd¥agpleMIe Rutdfd stripes
error occurs, the error propagation is nmuch slower if

CatdSieatad ae insignificantuvdien CheSpteralabels arh fesmgl. alhis affects error

det ai | d an of this err a t;

ot o N R S FiehRL b PAR" BRbyMhon i Such slower if
S AN TrDe Ttk vehehQ LTS NGF e SEEoudhxadandiied ahalysis of this error
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i Propaguiaa, s Q@Qgpr@erﬁf@é)alla@fdthmse@p]@s lgat can be sa vageeéj in future
( W§Aga4: % ﬁ]ig()a{ngiﬁg‘? A %JTI‘{J% 240 &rﬁ%‘/]l OSHE-False 1i4.421 gre illustrated

corres error locations
amgl Fighge 25 (CAUSAILgTirlid) aad degurp 26 j@aaiS AdrrHadsss . res'ﬁ@etively, for the

Zggepelt qepzretsgcg{qlﬁ}%eel‘rg qulg?:ai v egrrgéﬁ)as hov\qéildmgﬁgg in the s1gmﬁcance
¢ ﬁ?@g%@rﬁ%@ es tﬁﬁt{ cah ‘B@%?l@??egwsare El{lﬁvnsz?sr@eﬁ%lreﬁs and the

not a sinple
paarhplels tnat shwld bIS:h:IdaHled as:scrodsrhamhredwmdes rFor Fyrgeicases the samples

u glgqﬁ gla% qr: S‘%l%a?ged ggvﬁt?,/r?o&é cg?? 3 %@gﬂ%gﬁ%ﬁn tsﬂ(fhgaes b% P{l%snlﬂustrated n
. n%ﬁé b9bnd fRutd 26CHoREved F%Eéé%%%plé@ J8K by BhdLRH BisiRb aQfst.

tions Is 20 considered. In all the sinulations,
the main header and the tile header wer e protected
fromerrors, and PPM markers were utilized. Each
|T]£rul al | on l\é\g ﬁerf ornmed 1000 tinmes. The performances
W hod€ "dF e conpared. The first nethod is the

KRQWis %Eﬁ dt{ qﬁ%} eh’é ke%@@ %TgﬁEGQOW'ﬁﬁH’é% {4} -erfoR conditions is

thi's er 1I's dependent on the internal
ercoasideted.efrt alb thermnh]anom;rﬁlecrham PEGko@0d theritle haardes wege protected

el e 20 000 DR oL ST Rk 100
SQﬁH&d he %MQQD Slof BRDRILRYs hikQoHRBRA!I Mhe figd AMUEBES the known

descrl erein. Once the decoder identifies the
i ninkitladt issinpdeméntedain Kodtedt GIRUY deidlis methad: the daestsler is dependent on

bR A R PSRRI RO B R

coding pass, all remaining coding passes from the current codeblock are discarded. The
second method (CCP) embodies the decoding techniques described herein. Once the
decoder identifies the initial error in a codeblock codestream through external means, the
decoding is performed up to the byte containing the first error. The decoder then

performs an analysis to identify which of the remaining coding passes can be decoded.
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KDU and CCP using differenkSnodes is shown in Table 5

and Table 6, respectively. These tables present the
average Peak Signal to Noise Ratio (PSNR)

per formances of KDU and CCP over a Binary Synmetric

- ABEP R afl ECRBle BN E TP B Febld B find Table
t beresgdRtivelg.c Qesegrables presentabe aemagorRpak ($egrmi tmNbise RKatio (PSNR)

i mpr.ovenent esilien Table Th rage,., ..

PERFOTTICaTaf K P e GuE S0F A VBT CBeer (R Wit Bit Brror

RE%% Tdﬁ%;é = 1ESHhe %@Aﬁab@@%ﬁﬁaeﬂﬁ&aﬁe RESTART of the CCP
START, ERTERM CAUSAL, |nage (bpp) ERTERM

ERSdBRiViGAIRAj e ERTERIY By RS Ei@YHagsovanent eerdy regligge.

23.31 23.32 0.25 25.54 25.53 25.52 25.48 Barbara 0.5

26.92 27.01 26.84 26.98 1.0 27.69 27.73 27.82 27.76

0.1 26.26 26.23 26.30 26.44 0.25 27.86 27.83 27.95

27.84 CGoldhill 0.5 28.86 28.87 28.96 29.08 1.0 29.60

29.82 29. faﬁ)le@ ’I&ngavegagngﬁR55dﬁ)7peﬁ‘&‘n&3ee59f DU 48r a BS@5
29.88 29.58 27.77 29.59 Lenna 0.5 30.61 30.62 30.78

8054 1.0 37.31 31.12 31.39 31.29KI0 WO 2004/ 047010

PCT/US2 Oﬁ’%étg : 6211§ESET, » RESET, RESTART,
RESTART, RESET, RESTART, | RESET,RESTART, | ERTERM, CAUSAL,

Image | (bpp) ERTERM ERTERM, CAUSAL | ERTERM, BYPASS BYPASS

0.1 23.34 23.30 23.31 23.32

0.25 25.54 25.53 25.52 25.48

Barbara 0.5 26.92 27.01 26.84 26.98

1.0 27.69 27.73 27.82 27.76

0.1 26.26 26.23 26.30 26.44

i 0.25 27.86 27.83 27.95 27.84

Goldhill 0.5 28.86 28.87 28.96 29.08

1.0 29.60 29.82 29.75 29.88

0.1 27.55 27.53 27.50 27.49

0.25 29.88 29.58 27.77 29.59

Lenna 0.5 30.61 30.62 30.78 30.54

1.0 31.31 31.12 31.39 31.29
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ERTERM CAUSAL, | nmage (bpp}é ERTERM ERTERM CAUSAL
ERTERM BYPASS BYPASS 0.1 23.60 23.61 23.54 23.62
Barbara 0.25 26.21 26.39 26.10 26.28 0.5 28.01 28. 41
27.93 28.34 1.0 29.27 29.75 29.20 29.57 0.1 26.61
26.67 26.61 26.97 Goldhill 0.25 28.53 28.65 28. 54
28.62 0. 5 ablg 65 Thepyerpge PYNRy(n dff) pordprmancgs §GCRHvE b BEC.
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SEBaraNECTART, CAUBAL . | and BRI ERM | D T pl ot~0-28
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ndi cat ds JB5NR (PR2dB) , | and2PHé y-gxi s ¥l cat ¢s 'tti’é‘57

unulati|v e regrizzatigns—&rom-this p.
t can beebi'f}ferreg ?hat thezgg‘?n rovi%f;eégf by CCP 2697

hese siimOR4&t| ong8lsas been as@arge as & dB. [AIs028 42

pSolghibvi ' ter than 2 7 dB in rolighly
0% of th@-scases.%'f@ JiEGZO@@Wrmgl ng $%8%m JPEG 20006
rovi deg gtFtE- ohple" | gfvghu t=rate—papresston 3148

erformance, |progreéssive transm sgion by quality,

esol utijom,1 conpaneat, pr spgtoal Tlocalitgy Tos$sy and o3
ossl|l esS\WD 2004/ 047010 PCT/ 1US2003/[036213
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0.25 30.75 30.78 30.52 30.70
Lenna

0.5 31.82 3234 31.80 32.00

1.0 32.78 33.24 32.58 33.02

To analyze these gains further, consider the plot 144 presented in Figure 27. In the
figure, the KDU and CCP methods are compared at 1.0 bits/pixel over the BSC channel
with BER 10 using the Lenna image. Inthese simulations, the JPEG2000 codestreams
were generated using the BYPASS, RESET, RESTART, CAUSAL, and ERTERM
modes. This plot illustrates the distribution of the PSNR gain obtained by using CCP
instead of KDU. The x-axis of the plot indicates PSNR (in dB), and the y-axis indicates
the cumulative percentage of realizations. From this plot, it can be inferred that the gain
provided by CCP in these simulations has been as large as 8.6 dB. Also CCP provided a
gain greater than 2.7 dB in roughly 20% of the cases.

JPEG2000 Imaging System
JPEG-2000 provides state-of-the-art low bit-rate compression performance, progressive

transmission by quality, resolution, component, or spatial locality, lossy and lossless
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Furthernore, a single JPE@O00OO codestream can provide

all of these features to many different users over

wired and wrel ess networks using different display )
dewnpisssien, mandoarasoess ity the bitstrrany pay & EZPER, Toftiom& Gionpdg, fegion of
i nvent.i oRn. Vi dwar e . I, £ [

wEr Bl 3 RENEOF ol uESRA MR ry RiBIchiRfiaBhy, fthemore, o
S 6@BlePEG2000s6destréin shopfovide df ithese Featuiestgmany diffment users
150 can be provided by many different sources, 15

. 2
sQEer wired andruiseless BeoRty Ysing H&RFHedigRlph gledicss salipmeously.
R AL O A O

r digplay eloeiots érbhahdeatthd neagRESIRR Feanhy BRUERM swi t ches
nmust be set to encode for noisy channels. This

increases the file size by a couple percent but is

n %%esﬁéﬁﬁ Yn FQurét $lifla B4t chtdi1 4 50 BROBS pRWRIed & hati different sources
channel's. In addi'tion, the content provider wll

ddf2smings damerast ertssawfers werlREGE TsinR\PESha AT REGRIA0 compatible

SW t ches. descri bed 15, previ o]e :

¢ Eutiien e e PP e PLRY RETEEGAAAF HRRES Yiliniy cpeoding
S Q¥RRircAREER, thANAYWRESTA KD et ERTERM Guitckssaauaibeckatnalcode for
errors to inprove the quality of the decoded inages

Ag0jsy|chenneds. e Fhistinereasse shrofilel ety aouplerneresht {O%tg?e%eﬁassary to
t d.i . ' 5 ) . .
LBk BRSBTS provider vl

debRiMineake Whaed oDt RESET, 08 YPASSiamd geAURAEkevischef. tAsedescribed
JPEG2000 codestrean) shoul d be_stﬁnt basﬁeg1 on th use(]i.
r dtrreeasharibe derodpy erlnquss sxploit the sipert egh %‘?Sll“is‘?s gt some

tr ] ' r ' ’ :
SRR ST S S Ot gt e g,

byiesode¢demagkszes depend on the bandwi dth of the network
but is typically at nost a few seconds due to the
ef fective 25 conpression provided by JPEG000' s

p r&ﬁﬁﬁ%ﬁi‘té@ tHeleARKT 2L AR af@RindmAfed DO ERredil @ cetitie@sbrver 156.

i mage data can be distributed directly to users | .
wi THesetverectivesaineionmareweguasts for apariiear image, Hgicsmines what portion

" Bt PRaCisie) he RSO ol ST A o SN ML the user

d erlé&ié@tsan%l@ﬁ)e B Iardor @ usitt ddplB, BsBtrarisihats tHerled or@r wired and/or
JPEG&R2000 codestreans via channels that may be corrupt,

Tywirdleds neivapkedSsdeheusst(96 0 heilaiencygaperismged & a user docs depend on
R
CRIn¥ &k RABproPided ber IPEGR00) 8 Girogressivdirasmission foates. Note, the

encoded image data can be distributed directly to users without archival in a central

SErver.

The hardware and/or software that implements the present invention resides in the
decoder at the various display devices 160, both wired and wireless, that receive
JPEG2000 codestreams via channels that may be corrupt. Typical display devices 160
include computer monitors, laptop computers, cell phones, handheld displays such as

palms, electronic books, personal GPS systems, printers, projectors and surveillance
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part of a software decoder 28r browser or downl oaded
as a software plug-in. The cost to the user or display
device s a small increase in the nu

| rof | :
caysiam displgns Fhequpscatinyentipgdaaihs lﬁﬁ@é%fe&ﬂy hpiogether with the
il _ . e .
R accyod LR, YA oL EEERES, L RARSAMER! b brows o
i dyenibade dsaw sofbesn phlinn Hindcabe s thiehme, or displey dergice is a small

vari ations and, al ternate enbodi ments will occur .to .

! s Pithe BRbe] af OGO TSGRy RaNF BRRESRLR. 1hosis more than
abires Byl RRAG MERLSC giditgont enpl ated, and can be

made without 10 departing Tfromthe spirit and scope of

the invention as defined in the appended clains. WO

2Q04( 047010,,PCT/.US2003/.036213 ., 29 W CL Al 1..A :
ot RPN R oA s et eTheeel cim g desribed
f hemeRis ¥adaidny aAg altbingletMbddifhgfs RalV echir@d those skilled in the art.
partitioned into partition sets and encoded by an

e Rgderiatignyand iisrrathernbodimens greraanisiidpd Had Ae) smeage without
B A0 U5, 0 g RO gt s

i nposed by the encoder, detecting an error in a
partition set, analyzing the dependencies within the
partition set, determ ning what sections of encoded
data that follow the error in the partition set can
be sal vaged, and 10 decodi ng sai d sections of encoded
i mage data in the partition set. 2. The nethod of
claim1, wherein said data are partitioned to all ow
decoding of different spatial sections of the digital
i mage or nore efficient conpression for non-
stationary sources. 3. The nmethod of claim1l, wherein
t he dependenci es are anal yzed according to a state of
certain swtches set during encoding. 4. The nethod of
claim 3, wherein salvageable data are determned in
accordance wth the state of said switches and an
occurrence of the error.
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decodi ng the sections of the codestreamthat are not
affected by the error. 6. The nethod of claimb5,

wherein no external information on a |ocation of the
eWBCLAMt he codestreamis available. 7. The nethod

of claimb5, wherein external error detection provides
information on a location of errors within data

séct i oAsmet®d 20 dddoditig0d CorRET LoBRBEOENH,0863 8 daB0frém afihmderlying

thod of claiml1l, wherein the digital im [
cfiebalmags gV iongg, e PRI SefS and Ehchded, By ap pnooder, and
CLAREB Brul MR eI AAHRANUSIRRS oPdaidligth Walhid fﬁ%%g%itioﬁ sets are known,

encoded ina file e?)or mat cont ai ni ng JPE&

c ooteptisiegthe. followingIseepset hod of claim 9, wherein the
file fo&mat. IS I\z?tion JPE 0@10 11. 'rl'he nmet hod of claim
1, whePRihV iR BaHPRS IgoseT Y & Roodelio ndenci es bet ween
partit Hesctsifl & erfd?Gn b phitifioh s&onpri sing the step of
determ ni ng what data w thin dependent partition sets

can beaeadyziag iy dsnerd¢neins wihindbeparEHeRsdf the error in

the parfif] . . f ' : s
specbodtiebn e Pla et et RS RARG! e i fe piition st
dicgl bedalvapedamdave been partitioned into partition

sets and encoded in signifjcance é)ropa ation,

magni t deroding saibspstens of pgceded Anagmdgia usiBs patitiqn set.

JPE&R000 encoder, and wherein rul es governing

dependencies within partition sets are known, .5

canpr i Thagethel ffodlhiod ,nghes¢inpsid dalzsae partgioachtr allaw devoding of
i npesed by.the JPEG2000 encoder, detecgfin an erraor o

i fitEerend spriial sretians of dheyfigiplimagR ot SR HUATH SR $ShioR for non-
t ti?ﬁ‘ir%is&r@é‘s.set in accordance with a state of a

RESET and a BYPASS switch to determ ne how errors

propagate through the 10 codestream during the

Chn S BLSPIBRLY e U SR B g o o
| gBgeodRtain Matchlet avisAiio@REOr N the partition
set can be sal vaged, and decoding said sections of

encoded inmage data in the partition set.

4, The method of claim 3, wherein salvageable data are determined in accordance

with the state of said switches and an occurrence of the error.

5. The method of claim 4, further comprising the steps of:
determining how said error propagates through the codestream based on the state
of said switches, and decoding the sections of the codestream that are not affected by the

€rror.

6. The method of claim 5, wherein no external information on a location of the etror

in the codestream is available.

7. The method of claim 5, wherein external error detection provides information on

a location of errors within data sections.



13. The nmethod of claim 12, wherein the partition sets
are codebl ocks. 14. The nethod of claim 13, wherein

WO b@4datozo are further partitioned into partitiPOT/BE81083/036213

gi ven by packets and the rdbes al so govern

dependenci es between partition sets, further

conprising the step of determ ni ng what dependent

partition sets can be conpletely or partially

sal vag N, oc : : L 2gt;

8t o MRS Gt B BRI el B 3G pra2000
1bodestieanet hod of claim 12, wherein external error
detection provides information on a location of said

error in the codestream 16. The net hod of claim 15,

wher ei b BRadRRIRBENR RBerdin® BB@NE 8eldiansl ifakyagarblied in a file
sections of encoded data determ ned through the steps
ofarmaheontziningrJPEG200¢ cedestirganzs. si gni fi cance propagat i on

pass of a given codebl ock and RESET = Fal se, BYPASS =

Fal se, decoding a portion of a next magnitude

r @b nemapimetfodstctaii 9, Wheres@ihd fite tahla0BkVbtioraIREGi80Cce

with uncorrupt portions of xs'g and 6[j]; WWen an

error occurs in the magnitude refinenent pass of a

gihyen . = I P. = :

d i1 \é'c ar g:ﬁ% gl%atﬁﬁ% ?%‘Pl?%'?ﬁgﬁgrgbnnﬁ@ urg%S raE ? i @gecn%lnctléf%{é&d@ﬁ 1geS between
P pasgion weth ind fedied coapisdihoibk stap df dieradhing whaedatawithin dependent
ot her, types of cadi ng passes; Wien an ?rror occurs in.

t Partiion spts Gan Basavaged hased\PBAN QS EUETIGE R e PTiQE g e partijgn set.
Fal se, BYPASS = Fal se, discarding all follow ng coding
passes W thin said codebl ock; Wen an error occurs in

t he. si goirkctimdndeleprdipangadirapt JPEER000 cadegireaam winateibldatskirom an

and RESET = Fal.se, BYPASS = True, decoding.the nex :
s MPAGE Xl%ﬁégtag BBy &Y e%aartlglplégﬂ Iy pﬁﬂgg)élssets 55 encoded in

PRYh| oRImb AR RS XEfiBREAL, il @ 1da8 fupRRBR byRATEEG2000
cg%ﬁ‘fgétag%%/?l%%gée)%ggi rrﬁltsggne m)}e magni tude r gfi nemsr%’t

passodenrdndavhereinamites gioyeraing degenddnciss withén pawition sets are known,
fol |l ow .ng cophlng/élf)ggssfse.s wi thin said codebl ock; Wen an

e CPEPTIFIE thes ol igni t ude refinenent pass of a

gi ven epeabingGipaaiitbn iRpokel by thaTBEG2B(PARSde:, Tr ue,

conti nue decoding the current and all future coding

passes dafechingas eirer ip@eplItvaiset, \Wien an error occurs in

galc ls :?%_g%l&ﬂ%%%ﬁ:e a?e&)glgde%él\éggfgﬁlﬁlgﬁ{;%a?ﬁﬁ%rﬁ%g ié]f%%?ﬁe an;cee )\(?\?[Ql astate ofa

SIRERHET GARCE BYPASSadwith andetermgei howdecrroef ippepagate through the
passes Wi thin said codebl ock in accordance with the

10 ursedestigpm dysingtthe signifcancegprapreagony) magnitude refinement, and clean-up

passes, determining what sections of encoded image data that follow said error in the

partition set can be salvaged, and

decoding said sections of encoded image data in the partition set.
13.  The method of claim 12, wherein the partition sets are codeblocks.

14.  The method of claim 13, wherein the data are further partitioned into partition sets
given by packets and the rules also govern dependencies between partition sets, further
comprising the step of determining what dependent partition sets can be completely or

partially salvaged based on an occurrence of the error in the partition set.



When an error occurs in the significance propagation
pass of a given codebl ock and RESET = True, BYPASS =

wo-a00304708ecodi ng portions of all follow ng codP@mUS2003/036213
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25

passes 25 within said codsbl ock in accordance with

t he uncorrupt portions of Ks'g and 6[j]; Wen an error
occurs in the magnitude refinenent pass of a given

codebl ock and RESET = True, BYPASS = Fal se, continue
degodi . r j :

w Tni n e ol LR 2R i BB R Rn pRARRS uformation on
PEIochis2) 08¢adB&2di3dn ta2codbsrean error occurs in a

cl ean-up pass of a given codebl ock and RESET = True,

30 BYPASS = Fal se, decoding portions of all follow ng

cogi NgTRAARARDIWERIH 15,%%&@&@*21&9&{@(3@195 26 6Rl¥RAGAd salvageable
W

th the uncorrupt portions of Ks'g and 6[j]; Wien an

esqctipnoefanceddddathdeterimgngd theangh sheptiensadat i on pass of a

gi ven debl ock and .RESET..= Tru PASS = r

Lol e 09 HEBEr R ha ROl E T R s o o codeblockc and
PRESEAME FHigs, B PAS P e HalseNdecolling hepoitisrad i gkt enghitgle refinement
passes within said 35 codeblock in accordance wh ,

t hassovidon saigcogehladkdn gcasrdanse withnencefrupy poriprspfan” and o[jl;

error curs in the nmagnitude refi.n t

o1 von DR st bt e gh o NETEL 0 BARS effenodebiock and
C RMSPTUEFA8s BVIIRS A Ral6d) diseatingnall fell dwihgindgsitude eifingment coding
passes W thin said codebl ock; and When an error occurs

i passecwethin-sajs! geashlogls angd drcoding thsdun Bhw typrg oReedine passes;
True, BYP, = ; ' ' -
T S o BN el e AR p0r | RR Bl and rESET
agaRe,dRVP A SWi=t Ialdd) discurdiap all ol lpoint icodiag phsseswithiarsdid codeblock;
6[j]. 17. The method of claim 12, wherejn no e%gt er nal Jock
i nf or Y ReKRIGHIes OPREEIN thRSIBRITCARSE REPRAgATIPTHPASK 81 a given codebloc

COHFRESEAL Fglé%\é@%ﬂ’ﬂ@é g'Tr&é'deg%@gghggtnsgémﬁ{:ﬁcgggogyla%aﬁon and

erein the encies are a sal va
s elhh apspBfesepetiaind ddeddinglticareni megnedeorefinergentopash eompletely,

steps_of. Wien an errqr occurs in a sjgnificgance ..
o ssnsliag PBs Thare Smesnid AR TRBL OB SRRiAY andpbgeprding all of the
F : Fsse@lv3ifin Ais&AEslbag all of the foll owi ng
cg@?nglngggéggpﬁstﬁi n m5 sai d.coglgbl ock; When an error

occur s Whert drermagoursioehe magniade refingfent pgssefip given codeblock and

c ck. pa RESET = .Fal se, .BYPASS = ; .
O R PP ASS s Sragh: dese b s A Zhg ! fgpure coding
pzﬁﬁ%h%ql gesestichmckhe two other types of coding

passes wthin said codebl ock; )

When an error occurs in a clean-up pass of a given codeblock and RESET =
False, BYPASS = True, decoding portions of the next significance propagation and
magnitude refinement passes within said codeblock in accordance with the uncorrupt
portions of x*¢ and &[j];

When an error occurs in the significance propagation pass of a given codeblock
and RESET = True, BYPASS = False, decoding portions of all following coding passes
within said codeblock in accordance with the uncorrupt portions of k™€ and ofj];

When an error occurs in the magnitude refinement pass of a given codeblock and

RESET = True, BYPASS = False, continue decoding the current and all future coding

passes within said codeblock;



When an error occurs in a clean-up pass of a given
codebl ock and RESET = 10 Fal se, BYPASS = Fal se,

walc@saring all of the foll ow ng codi ng passesP@i/Ukto03/036213
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said codebl ock; When an eBRor occurs in the

si gni ficance propagati on pass of a given codebl ock

and RESET = Fal se, BYPASS = True, discarding all of

the fol WVORRAGCEINGFYF radean-yn pasaole siven eodeblotlemd RESET = True,

B A8 R DS TRl B IS W B ook
PG /abi52 3416 33 62thd undotruphipetiions 6 ¢En@6RYr S in the

magni t ude refinenent pass of a given codebl ock and
RESET =When 3 errgyquags in-tigsigaificapes propegation pasisig atginen codeblock

g;bg{‘lgb o(S: '?d=v\zILrlle,f BYBARsCOdhNd coon%ﬂg’tglsycW%Jgﬁin%pg%;g@r%pagnitude

en’an error occurs

a rgfinenent qaeb bad Keestthg_REStionsof 2@ fodas@ng BYBASDasses within said
True, discarding all of the foll ow ng codi ng passes

wicoArtlodpingocergdangs| viigkthe waegiruph pertioss obic’Cand oifil; t he

signifi ' ass. of i ven codebl.ock

SRR AR O AR S R R Bl odeblock e

t IRESHT Fohua B YPARS & Pras semntinité 8évobingahélcahgde Bh@sH fud® coding
or._occurs in the magnitude refinenment pass

When an .err
ofpaaseéwglhﬂ vddieesleblockand RESET = True, BYPASS =

Fal se, ' ' € t .and al.l fut _
o vy WAL AMR SRR e Gt e B - T,
0dEXIP ASB F Taug Ideamtingpopides of bl fol i eFcaideaikes ittiitaid codeblock
RESET = True, . BYPASS = Fal se, discarding all of the

f O PERRFFRECE Hethihe preosart Rartionspfaar andelibbl ock: 30
When an error occurs in the significance propagation
pass of a given codebl ock and RESET = True, BYPASS =

Trlde, dileanettodof élainl 2, whaeinfrocanigRal AhRRAGERIH 6 a a6Wtion of the
cl ean: up passes and decqdi ng one nore magnitude

r SFPhENERCORIbeamis HirHaklai 0 codebl ock; When an error
occurs in the magnitude refinenent pass of a given

codebl ock and 35 RESET = True, BYPASS = True,

cdft i nUthedetioali ofglaihd 7 cwhereinthedeperddnciehrg hfalgadiang salvageable

3550 o eSS cSRISRL ek B en an er o occurs
True, Whenan error occursina significance propagation pass of a given codeblock and
RESET = False, BYPASS = False, discarding all of the following coding passes within
said codeblock;
When an etror occurs in the magnitude refinement of a given codeblock pass and
RESET = False, BYPASS = False, discarding all following magnitude refinement coding
passes and decoding the two other types of coding passes within said codeblock;
When an error occurs in a clean-up pass of a given codeblock and RESET =
False, BYPASS = False, discarding all of the following coding passes within said
codeblock;
When an error occurs in the significance propagation pass of a given codeblock
and RESET = False, BYPASS = True, discarding all of the following significance

propagation and clean-up passes and decoding the next magnitude refinement pass within

said codeblock;



BYPASS = True, discarding all of the follow ng coding
passes wWithin said codebl ock. 19. The nethod of claim

wapo4mkiei n the rules further include a CAUSARCEWR1005036213
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that govern the dependenci3gés. 20. A nethod of
decodi ng corrupt JPE&000 codestreans where no
ext er na inforrmtion,o%alopation of errors is

avai | abl"e,"" R B @i SCUAIRP P Hivsapiigamgt Basgof agiven codeblock and
| NROSEY ~Ral&, PAGASIAL trintd, 08% e MO0 RS {r}rllg;chﬁgla%gltdséll%{jure coding

encoded |in si.gni ficance "propagati on,
r R3SPRSYEEhin said goddbdanl; up passes, and rul es governing 5

depend [ ithin and between said_ partition sets
are de??%gg%gy\gﬂ I OPAIe Mot Creisp nasof sepansodehlednans RESET =

c ifise], BYRASH = ThepHiRhrdindOu2004hO 4R i N
PCT], (152003 036213 34 A o fikkng coding pagses within said

sicé’ﬂ Pelsnce propagati on pass of a given codebl ock
and RE = P = Fal se  discardin |l . of
the toi I'acital BiraioeliNHRE senlifiehfs nob S50 st aekiengodeblock
Wﬁ@d RESET FoFruecBYPASSNH= Fbll@e,rﬂiﬁﬁfdih":@ g1l log ke 'f%'l‘[%{iﬁngoéocﬁng passes
gi v.ﬁg cadebl thk ass and RESET = Fal se, BYPASS =
FayZiun sgifl codg qm,l@ all foll owi ng magnitude refinenent
codi Ng WRaSS ' : ther types of
B e RPN Pl 0 AL reodeblock and

codi nrgr passes wthin sal
odhINIST Frrae,d ¥RWS 8ip Ralsescanftinge géoodihgabel k@t kn@Bl future coding

RESEL =..Fal s YPASS = Fal se, discarding all of the

f fsg\sl\nw@"%%%‘ffﬁiglﬂggges within said 15 codebl ock;

Vhen anyesd & erRE 68duSs in Idaf-upi AN 'g%m ' -
pass of a iveen_ codesbll oc?&éaﬁa{%dg %E@ :%Eg{fésbg(?&%%i&gglﬂ True,
TRMPASS sdalssi digcaading ol of the folbowingicnding ipassed wiramoaid codeblock;

propagaji on and cl ean- .asses and decqdi ng the next
magni t %@enr THSRE QRS B§§§ E’\ﬁP&ﬁF‘We REGRagaioneasp 6E« givep codeblock

Wand REBSEI + Qrug BYFASS B 108 JRGR; ' i
of a given cgl(ljebl ock and ' RESET éﬁ%ﬂﬁg@%ﬁ%@ﬁ%‘é@é gfb%ﬁgatlon and

Trlsan-vpopasseiuandi sleertling onhemorer meghituded refinembnt poss within said
codiddthckPasses within said codebl ock; Wen an error
occurs 1h a clean-up pass of a given codebl ock and

RESET #Whdfainseror B6RASS (e xfra%ﬁud@t'eﬁﬁahelﬁt At tcB&ebl
f ﬁ: : %ﬁd n co%iﬁg Basses within said 25%3%defa>lgg{:efg; eblock and
n F‘l‘eg 3 Tirve, cpetinfiegisceding theecuprenpangleetl firture coding
PBEReOhitBindhNERISAIaL LRg K
When an error occurs in a clean-up pass of a given codeblock and RESET = True,

BYPASS = True, discarding all of the following coding passes within said codeblock.

19. The method of claim 12, wherein the rules further include a CAUSAL switch that

govern the dependencies.

20. A method of decoding corrupt JPEG2000 codestreams where no external
information on a location of errors is available, wherein data from underlying digital
imagery have been partitioned into partition sets and encoded in significance
propagation, magnitude refinement, and clean-up passes, and rules governing
dependencies within and between said partition sets are defined by a state of RESET and
BYPASS switches, comprising the steps of:



and RESET = True, BYPASS = Fal se, discarding all of
the follow ng codi ng passes wthin said codebl ock;

wo\b@a/ogmi@r ror occurs in the magnitude refi nene@t/UpAS036213

of a given codeblock and 3® RESET = True, BYPASS =

. Fal se, continue decoding the current and all future
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15

| cBFBTioNsRas
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codi ng W,rﬂ)asses Wi thin said c ebI ock; Vgen an

occur s I ATTHALITEA QRS BY @‘g S’@fn 1Cance RIAPAEE %‘bPQf‘éIQ éﬁﬂ’en codeblock
R RESEN H&a]se BXPARS S== F@fs§  Siscdt B d@ﬁl‘ij b %ﬂoilo&f%&ﬁmg passes
fol | ow ng codi ng passes W thin sal d codeb

anm‘éumsﬂrl oedabtaski n t he significance pr opagat| on pass

of n codebl ock .3

T ue, S BRI o RGP S P R e a R Sohpk pass and

C [REENETURF IS PP A8 = Helee diisesrdapalITeN GviRR Saphit @8 refinement coding
refinenment pass within said codebl ock; WO 2004/047010

prwseserhdicodeg 1w twapthwdrpasel spdisg paseywshinpaideodeblock;

magni t 4y el &l ér@%@rs%?ﬁck@%n@% g%s‘ée& @9&% 'Blo%gqmd RESET =

RESET = rue I'nue decodi n

c BalsenB YRS Sat | Fall9gf diseardinghi alD of 46k fidloswrse W)dlhg pbasseb Ovithin said
codehl ock; and When an error occurs in a clean-up pass
of’oge%é‘i’%én codebl ocl ¢ and RESET = True, BYPASS =

e T L o ol

waed RESEThe Fahéeeﬁ\fRASS]eTTmap Hiscerdimg GAUSAthesfiallbwing $ighificance
governs.the dggendenci es

BrUp PASSES ' Wgetge Lhod of magpiyde refd nemgent pass within

| gfiarcRBdHik; on a location of errors | s avail abl e,
wherein data fromunderlying digital imgery have
been pé?/hertan@nmdocpqutson #a:rmagmmde méitnsmamtqaasmf@@cbm cadeblock and

ShE S5 UPRRGE 00 AR A5 ELLASHRL e cocin

\Nlpbisb@wﬁﬁﬂl RE JWREKlo8k;sai d parti t| on sets are defined
by a state of RESET and BYPASS swi tches, conprising

the st Bkenoin ervyreascais iarer deancer pass of @ giken eddghloek @adu dESET =
f |
ARSI ANLE ol R E D AR By AR o s

magddblactte refinement pass within said codebl ock | n
accordance with the uncorrupt portions of xs° and
6b] ; WAERENAR cgioF gpcuptifhe signify I@ﬁ@erpa@mg@wépqsepf fhé‘r’fé‘ht:OdebbCk

PSS RYSEY Q'T\ﬁ%} BPEe4 QC]!*‘al&r,] glscardmg all of the following coding passes

within said codeblock;

When an error occurs in the magnitude refinement pass of a given codeblock and
RESET = True, BYPASS = False, continue decoding the current and all future coding
passes within said codeblock;

When an error occurs in a clean-up pass of a given codeblock aud RESET= True,
BYPASS = False, discarding all of the following coding passes within said codeblock;

When an error occurs in the significance propagatien pass of a given codeblock
and RESET = True, BYPASS = True, discarding future significance propagation and
clean-up passes and 'decoding one more magnitude refinement pass within said

codeblock;



20

RESET = Fal se, BYPASS = Fal se, discarding all
foll ow ng magni tude refinenent coding passes wthin
wa anod/oecmadebl ock and decodi ng the two ot her typeeT/082003/036213
codi ng passes; Wien an err@f occurs in a clean-up pass
of a given codebl ock and RESET = 15 Fal se, BYPASS =
Fal se, discarding all of the follow ng coding passes
wi t hi n Yegngn egrgereqstesdk theypranitude wefingsnens passof ajgpvenisedeblock and

Z%?SEES‘E?B&? aI g Eﬁ}“ﬁ%&gﬁ@tﬁ}e%&@%ﬂ%ﬂg e ?ﬁ%{dﬁe’g&uture coding

40 spgisés‘WiIhimcseldmoddﬂga{ ia.nd] and clean up passes
partia decodi n he next magnitude refinpepen ass
Cor! o VBl A STOUEEHIRG B HBRS OAGHER aa@apoe{ge@é%ﬁ%ﬂﬂm@
PRSP ARY +Takd, Mlscﬁrﬁﬂlﬁ%ﬂlﬁ%@fo‘ﬂgvﬁ{é cdingt Bises AtHiR Wi Godeblock.
codi ng passes W th sai d codeb en an error

occurs in the rragnltude refi nement pass of a given

codebl g¢ck anpd Fal se.. BYPASS.= .Tru j nue .
datoa noe pREea T P 20 neadiR teyige gty 6 QEIAL Svith tha
pbVirs thaldependeiafidsock; WO 2004/ 047010

/ US2003/ 036213 36 25 When an error occurs in a
cl ean-up pass of a given codebl ock and RESET Fal se,

BYPASS ecodi n
Si Kgn i f ﬁcrgﬁébe@%frdg g%‘g C|Ooﬂgl ng%g@@a‘z n(?({ E}%CF S%tﬁ SPiCTsispal information

pas aéscatibh bf arresiidavailaslb) WhiteinabCReh (ﬁlﬂﬂ@lﬁylﬂ\g Higltbh@hagery have
uncorrupt portions, of Ks'g and 6[j]; Wen an error

ob%@mtﬁmeﬁ ante paiitipn seih aed preogedyin T anifigrase propagatigny pgnitude
1
d eco %“%g# 6%(?% 0 nlgp g% §é:SI’ ?nq‘ l:EHg g‘,{,“’ E@o%gp enné1 e@‘ggi"&ml“ and between

widithipartsiah dets ackatelfinedk by a sam:«iﬁRiB‘BilE:"E aid BYPASS switohes, ¢piprising
pﬂ@tlon of 1cs'g and 6[j]; Wen an error occurs in
Qft ude refi nement pass of a given codebl ock and
RESET
CiTre nyhgr]l F%}(?ﬁ%ugr in t@%é Iﬁgc&%g?hg}é@at?&ﬁ%gé 08 %ﬁi}@n codeblock
c autk RESEH, =Fnlssh BYRASE® F Balsgalevoding . portore af -thEp npxatsmagmtude
FE et GBI GBI SogAoD e FoTIBH it BTt portions of ¥
10 ﬁ within said codeblock in accordance with the
uncor ]th portions of xs'g and 6[j]; When an error
occur s Whentah@rrst gitufsiif &mﬁag@m@@@ﬁhéxﬁm pasofakiv@ngbdeblock and
codebl ock = and RESET = True, = True, .conpl et el

JBESHITTF Bre BNBASSeEas dweardm@ i &llqm@ﬁﬁgrpwg@ Tefinement coding
%%ﬁ%ﬂ%%@%ﬁl | 3856108k guﬁledeES’mé E oo R AP E6ding passes;

When an error occurs in a clean-up pass of a given codeblock and RESET =

15  False, BYPASS = False, discarding all of the following coding passes within said
codeblock;

When an error occurs in the significance propagation pass of a given codeblock
and RESET = False, BYPASS = True, decoding the next significance propagation and
clean up passes partially, decoding the next magnitude refinement pass completely,
decoding one more magnitude refinement pass partially, and discarding all of the
following coding passes within said codeblock;

When an error occurs in the magnitude refinement pass of a given codeblock and
RESET = False, BYPASS = True, continue decoding the current and all future coding

passes within said codeblock;



codebl ock in accordance wth the uncorrupt portions of
KS' g and ar[j]; Wen an error occurs in the magnitude

wo edodoement pass of a given codebl ock and RESEAT/8S2003/036213

25

30

35

40

45

True, BYPASS = True, contiiee decoding the current and
all future coding passes within said codebl ock; and
45 \Whep,an error occurs Efgea cl ean-%;p pass of a given

codebl OCK FRFTIRESETUS I 2 fSan-URvsAS ST 2 efyegecodglloelprd RESET =
PPAIsd, PP A8S &l Trde0 ib WO SAGhNSE m@%&ﬁﬁs-@hﬁﬁméﬁgﬁ%gaﬁon and

codebl ock _in accordance Wth the uncorript porti
omageitugegpidnenignt passgs within said balgbloick di atarrdihice whikhrthé nncorrupt
the..rul e sfglé%éhsﬁf i nclude a CAUSAL switch that

g%%f’?\ssofts]ﬁe BHrdenci es. 24. A method of transnitting

| mage Waed an ABPSdcREINE thd\Gorsiti ' '
| mage dat e e B fapaBafhHaRdofdtven codeblock
RESI(I!Rﬁ'ET Sviiree i3 \eivab3 edfalsatdscedin@pariosofaddel bwegrmoding passes

PR i dpcvrgone L e St v o) Gir oLl

PCT/ USRGR34H 38¢r '
WLh o IO S ctcus e R oA P O £ B Elcblock and

pREBET i=ohaiei BiBASE bljalst southmeicoaliegthederrentamd| ajlzfature coding
d ncies W thin.the partition sets in accordance
mf#g&gsl&‘%?aé%f’aﬂ%" ESET and BYPASS switches to

det er niyien bR e dcBlsS iP4 EBA0a fask Bf it EJRbIGEEAIREIT = True,

during a significance 10 propagation, nmagnitude
r BVM‘%%?\E alsepdreodingpartigys Q%E@EQW%GOMEWS@W\W@ said codeblock

R o By iRl RO Bl PepahISer  can be
sal vag@theaafl eHeCRBrsSAkic %ﬁﬁéﬁ@@pro%@gat%ﬂ%a@ﬂ%v&f codeblock

k
claim?24, wherein the JPE&R000 codeStteam conprises a

pindr BESEY = ofrupaBREASS uFmbecoroplatshi deangings bus inmge trivegnitude
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When an error occurs in a clean-up pass of a given codeblock and RESET = True,
BYPASS = True, decoding portions of all following coding passes within said codeblock

in accordance with the uncorrupt portions of ¥* and o[j].

23. The method of claim 22, wherein the rules further include a CAUSAL switch that

governs the dependencies.

24. A method of transmitting image data, comprising the steps of:

encoding the image data with a JPEG2000 compatible encoder with a RESTART
switch enabled into a JPEG2000 codestream,

transmitting the JPEG2000 codestream over a channel that is susceptible to errors,

and
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26. A JPEG2000 imaging system, comprising:

one or more JPEG2000 compatible image encoders used to produce content in the
form of JPEG2000 codestreams,

a server that stores a JPEG2000 codestream for each image,

a distribution network that includes channels that are susceptible to errors, and

one or more display devices provided with JPEG2000 decoders that are
configured to observe partitions imposed by the JPEG2000 encoder, analyze
dependencies within partition sets in accordance with a state of RESET and BYPASS
switches to determine how errors propagate through the codestream during a significance
propagation, magnitude refinement, and clean-up passes, and when errors occur,
determine what sections of encoded image data that follow the error in the partition set

can be salvaged and decode said sections.

27.  The system of claim 26, wherein the decoder is so configured by an after-market

downloadable plug-in.
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28.  Adisplay device including a JPEG2000 decoder that is configured to observe the
partitions imposed by a JPEG2000 encoder, analyze the dependencies within the partition
sets in accordance with the state of the RESET and BYPASS switches to determine how
errors propagate through the codestream during the significance propagation, magnitude
5  refinement, and clean-up passes, and when errors occur, determine what sections of
encoded image data that follow the error in the partition set can be salvaged and decode

those sections.

29. A display device of claim 28, wherein the decoder analyzes the dependencies
between partition sets and when errors occur, determines what dependent partitions sets

can be salvaged.



