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| nvention The i'nvention relates generally to the field of inage processing
and conputer graphics. Mre specifically, the invention relates to
architectures and nmethods for perform ng i mage processing and conpression.
2. Description of the Related Art In small or portable devices such as
digital caneras, the goal of imge conpression is to reduce the storage and
processing requirenents of the data while still nalntalnlng acc abl e
pi cture quahi MEMORMcRASER qYbSEn ARFBETRSTHEE AR r SNBRS F‘%ﬁm t he
overal | power consunption of the camera is also reduced S|nce the VLSI
(Very Large Scale Integratj _ ”-55|ng IS nore
conpact. The reduction of ¥ , SHESSHO or storage of stil

| mage and notion video w || also speed the process of capturing images and
t hen, ,downl gadi ng_t conputer) or other nore conpl.ex
dat a proces§|ng i3 ppresSton t echni ques whet her performed by
hardware such aswﬁhsinomeimrmméw geakkaaly eanthe £iebdidd dehage eit her

‘'l ossy" or "lossl a ossl ess conpreﬁsmné t he orl naI |nage
brl or to COE’EP8§§F6HQC% %°’F%‘frﬁre\?ef&p&§3tl y RhEn ?ﬁ%l@cﬁﬁ)lr é/s's S mage is
deconpr essednvensierguealayes | us sl tteethreguasd mateds ofgpr aegiformingi os
depend upon .the &€ rggﬁb t achieve high conpression ratios
gnd si nce Pﬁ?‘ E%éggéegég % cé%%h%g ‘of original i mage i nfornation,

re conputatlonally expenS|ve By contrast, |ossy conpression provides onIy
an approxi maf i on pRfe et h | 0ossy conpressi on,
greater

In small or portable devices such as digital cameras,
the goal of image compression is to reduce the storage and
processing requirements of the data while still maintaining
acceptable picture quality. When storage and processing

requirements are reduced, the overall power consumption of
the camera is also reduced since the VLSI (Very lLarge Scale
Integration) chip performing the processing is more compact.
The reduction of the bit rate for transmission or storage of
still image and motion video will also speed the process of
capturing images and then, downloading them to a PC (personal
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computer) or other more complex data processing system.
Image compression techniques whether performed by
hardware such as VLSI or otherwise by software can be
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classified as either "lossy” or "lossless”. With lossless
compression, the original image prior to compression can be
retrieved exactly when the compressed image is decompressed.
Consequently, lossless techniques, whose compression ratios

i depend upon the entropy of an image, do not achieve high
compression ratios and, since they preserve a high percentage
of original image information, are computationally expensive.
By contrast, lossy compression provides only an approximation
of the original image. Thus, with lossy compression, greater
compression ratios can be achieved but with loss in image
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yonpréssion rati os can be achieved but with loss in inmage 2 quality

donpared to | ossl ess techni ques. One such | ossy technique ref S
‘lpredi cti ve WRaPY3 (al so called Digital Pulse Code Mbdul ati oﬁ&{‘@gcﬁis

ilnearly conbi ning the properties of already processed nei ghbori ng plxels
gn error pixel is defined as the difference between the original inmage

ji xel and the corresponding predicted pixel. The error pixel, is quantized
and then binary encoded. Traditionally, the quantization has been perforned
di stinct fro qggﬁ IChRoLER g t P& thenPiQ si ng

qircuitry orngagfhare d%%ﬁaM% ?h Q Pl enent a |on o suc conﬁ%%gtlonally

ifnt ensi ve techﬁ¢l@|®e§u%|en%§%fc@ efEsr PE?@%%HY%/ QAHAG"s (34FPaBRtledy
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ih th d f hi t t to f t h
i T conser vERS BOGerP GirbLBey AL OPhT ab RS T FOXEon B ok CREAFLY
E_echnl que. c&iuMd&\R{g %élﬁ&dpl&‘n‘EN’élsCNanlrea@p oxeilat: i ei=s ] amghbarﬁﬁgus [ s
gi scl osed th gl];“d%ae Jétplh(%gk !pdhﬁ?#}&?p‘{ vyl Qﬁf% gﬂﬁ@&' }Sg %
t |ve

yecond | ook-u rOVI ing-t e | &n code, a _predi
dodi ng C|rCU|thﬁhP§hg§R#&H¥m4§? aixedd ﬁé§sth§rCP?ERSRQP@H@@S@rﬁééRtﬁé t abl es.

pixel. The error pixel, is guantized and then binary
encoded. Traditionally, the quantization has been performed
distinct from the encoding, which lends to complexity in the
processing circuitry or software algorithm.
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The implementation of such computationally intensive
technigues demands more VLSI circuitry than is suitable for
digital cameras and portable, small devices desiring image
compression. Thus, there is a need for simpler architecture
to perform these techniques while conserving power and
preserving the accuracy of the compression technique.
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BRI EF DESCRI PTI ON OF THE DRW NGS The objects, features and advantages of
the net hOW FRRar atus for the present |nventi on will be araarstifEom
the follo 3escri ption in which: Figure 1 is a block diagram of one
enbodi ment of the invention. Figure 2 is a block diagramaccording to a
second enbodi nent of the invention. Figure 3 is a diagramaccording to a
third enbodi nent of the invention. Figure 4 is a system di agram of one
enbodi nent of the invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Referring to the figures, exenplary enbodi nents of the invention will now

be described. The exenpl ary gsubmaRyend® IEE PrEVESedoto illustrate aspects

of the invention _and should not be construed as limti ng t he scope of the
¢

i nvention. The eX®npP3f¢ EAPBERFEHER aﬁ@‘iﬂﬁ%ﬂﬂ gigeseseheddt t h reference
to brock di ejg{calaiﬁe@r af Eorebalssk-As ﬁab]leh@rfok;@mhgr éSqua@&itet& @de &hin

the flowharts r d st p Ierret for
perform ng £557&© PépP%% ‘%f‘g& ﬁ:%{)eh e?rgn@é% o e[ h@n%‘
corr espondi rrg.‘ea};p&aHEUSOQﬁ-emxrq:myt b&xninheg@redesnahadﬂma foof t war e,

firmvare or 4 E&e’&atthegé i86keqh - chbhuy e 1 is a block diagramof one
e

enbodi nent of t




_ répr esents the val ue

invention. Figure 1 represents a table |ook-up based i mage conpression

- system Figure 1 is distinguishable fromprior art inage conppggRisoNiisre

b systens in sg(\s)e"ls'@f”%ys First, a special predictive coding or adaptive

- decorrelation circuitry is utilized and seqgond,- | ook-up tables are enpl oyed
- toiperform quanti zation and binary encoding in an integrated manner. Prior
-art systens did not use integrated quantization and encodi ng | ook-up

taE)I es, and do not use |ook-up table based predictive coding as will be
deécrl bed herein. The apparatus of Figure 1 is advantageous in that the
Iobk up tables nay be i npageept ﬁ@ﬁgﬁammﬁceﬁmmﬁgy) and are,
this, |ess expensi ve and | ess consunptive of power than prior art systens
t hi t enploy circuitry. Though Figure 1 shows one inplenentation of |ook-up
tabl e conpression, 'I'hb bbgaewlyfﬁmﬁdsaram @a0askhybedof ntﬁ@eneadﬁoacaad

di | d h | h
(r:g?rplregs?oﬁptsfg?%’ﬁ F—‘?ggg’é gggfﬁa%rsceélﬁé 5‘%&%‘ b%’geﬁg%ﬁt%‘e%‘ eéﬁt %Fioﬁ‘l o

froma scali n@odﬂ.\awd.agodeschrptmpanmshof an i mage capture 6 devi ce

ori port configur edit%u)%miuql cgt ﬁ %g%%ml&ge ,[:&Fo I@L £ dad A

associ ate Ining a pixe e 1 mage t hat

';corrpreSS| on i sirpEmtdered upon. This may be a single value which represents

cblor, such as R(rqcs)guﬁszrq%n)a mecﬁ( BLHEYaROLB8EcRABAE €6RONENNDI a

g?oupl ng of such val ues Typi ca I each Pi is a pixe "corrponent " (R G
f B), and is ?’?‘R@gﬂlﬂ“&[ ed ty“gﬁef’?ﬁé Aty

Figure 3 is a diagram according to a thirad embodiment
of the invention.
Figure 4 is a system diagram of one embodiment of the

- invention.
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nei ghboring conponents to forma single screen renderable RGB m xed pixel .
The m xin chg ¢¢€l conmponents is usually achi eved when thedmmesys/1156
finally output to a display or printer. Each Pi, which is shown as an 8-bit
unsigned value is input to a differencescircuit 100. Difference circuit 100
conputes the difference between a predicted previous pixel conponent
Plerr]i-1 and the original pixel conponent Pi. The difference circuit 100
generates and provides as output a 9-bit signed value A = Pi-Plerr][err],
which is referred to as the "error™ or delta value in the art of predlctlve
codi ng and i mage COMEWALLED DESCE 2 iE eF LON conponent Pi
has a previous predicted plxel conponent P[err] prOV|ded by the predictive
coding circuit. The previous predicted pixel conponent P [err] is fed into

the(;_di Ifgr ence ReEEYEingOtot tige n@gum f@k@mplaweén@wm?ﬁg dﬂ%lh"e] A
redi cted pixel conpon r] ener a associatiing.in |inear
(F:)on‘pi nat i ogrnﬁﬁﬁt??ﬂ’gg fgl%?"{'gbe ﬁieﬁ %ﬁ?e? %1 MeBE&di cti ve
codi ng, anyraupbev1dédnéogt&&ustqpqa>asbecmapoﬁenhenhmvéntmﬂnIanﬂed to
predict pixgl, 5&8”989919& 4ah Y ued Us ! 'l?n&%'lﬁxg theﬁ&r% gcﬂ%%SI onal

predlctlve co akes on one o e|t er -t nort sane col um,
previ ous réwye§FlPﬁe wese ﬁé@@p&ﬁﬁy(%ﬂhﬁ@lmémtspﬂéelE%Eﬂ%ﬁﬂlunﬂﬁscrwbed
di mensi Onak:ﬂheéegbrgﬁcéodb nmwwﬂ@&antso roreﬂawbﬁar@@t h pttprttoh t%'éd west

one_d nens EIRAERBEER! CERGB BLRh g Htet e EAGVRBSELS represents Hoth
a methoa step and an apparatus element for performing the
method step. Depending upon the implementation, the
corresponding apparatus element may be configured in
hardware, software, firmware or combinations thereof.

Figure 1 is a block diagram of one embodiment of the
invention.

Figure 1 represents a table look-up based image
compressioh system. Figure 1 is distinguishable from prior
art image compression systems in several ways. First, a
special predictive coding or adaptive decorrelation circuitry
is utilized and second, look-up tables are employed to
perform quantization and binary encoding in an integrated
manner. Prior art systems did not use integrated
quantization and encoding look-up tables, and do not use
look-up table based predictive coding as will be described
herein. The apparatus of Figure 1 is advantageous in that
the loock-up tables may be implemented as RAM (Random Access
Memory) and are, thus, less expensive and less consumptive of
power than prior art systems that employ circuitry. Though
Figure 1 shows one implementation of look-up table
compression, it is merely exemplary. One skilled in the art
can readily adapt the look-up table architecture to any image
or data compression system.

Figure 1 shows as input pixel data P; which originates

from a scaling device or other components of an image capture
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nei ghbor pixel. Predictive coding circuit 10 operates as foll ows.

Difference circuit 100 generates a A, which is 9-bit signed va
representing VRGP erence between Plerr] and P [err]. This k>g?/rut§r9$/11576
value, A, is used as an address to a |ook-up table (LUT) 110. LUT 110 is a
Iookaup table to conpute an inverse quantrzéd val ue. LUT 110 can store both
a quanti zed value and an inverse quantized value for a given A or error.

The LUT 110 outputs a "recovered" error value Alerr] to be used in error
recdvery circuit is shown in Figure 1. The recovered error value [err]’

outdut by LUT 1iQike EPepéf@Lﬂénfl@u&@ﬁhtguéaﬁﬁﬁﬁﬁééﬁbEHM%deﬂK%E%%matlon

quarti zation. For instance, an error value A = have a quanti zed

val ge of 12. TABeqRAKEL (R HiudPFESRRER Flh‘%e‘f%]él%ﬁi%intaisféﬁlﬁrt?ﬁ yiehd a
recgver ed erroigerahihg £0§1£@¥”§ﬂ‘%heoﬁm8§e Lﬁatscéﬁbféégfﬁﬂ'i%abeQOkﬁéa

that facilitates conpression. yanti zation formula which is used t

conpi l e the | od%®°8p t ABLe TRY k?%?u DIheHAYLS VR STRIT SRS S &ﬁé"% a_s
V\g| i, | ImapIor ng tsach qeamrré@)d \(adg&e@f) add E\hﬁmuéﬁV@SB@: Bliaiid Zﬁhpohbﬁgvakue
12 al ways ive Qv an_|i se _quantiz

valiue of 98, V\/n%tg%e m’fﬂg" %gt ained fro quagh'merragé}étﬁ[g’er”'rsor'=1 ?éf‘ﬁg of 96
0][ 98| Thi s err"cnrompohenb"r stIu:e dxoBquarahldz%egﬁﬁtémoy&wxd%mW1khr set
of ;/val ues can | thr the.entire row q xe

a recovery mec ar%‘ I°Sm ?ghépg§r?é%9ear§esr(gr& %égg‘vgr l%?rr"%u?cfreﬁn §6 ta%’iree%ge
§He propagati omigfedepizelby Thedimjinmok @neteiunnmgnemmrxﬂryqllaédmt ed
pifxel conponent;atalehes whih éﬁe Uirad S GQY ¢ ad 180T eﬁl%eéueé d dildp 1h9r oruture

predr cted pixel conmponents. The sunmmation circuit 0 suns together the
recovered erro®Yi&teF -with Plerr] which is the previous predicted pixel.
Each P;, which is shown as an 8-bit unsigned wvalue is

input to a difference circuit 100. Difference circuit 100
¢ computes the difference between a predicted previous pixel
component P';.3; and the original pixel component P;. The

difference circuit 100 generates and provides as output a
9-bit signed value A = P;j-P'j.1, which is referred to as the
"error" or delta value in the art of predictive coding and
image compression. As discussed below, each pixel component
P; has a previous predicted pixel component P';.; provided by

the predictive coding circuit. The previous predicted pixel
component P';j_1 is fed into the difference circuit for the

next on future pixel component P;.

A predicted pixel component Pi' is generated by

e A ORI LD A I R R

associating in linear combination previously visited
neighboring pixel components. In predictive coding, any
number of neighboring pixel component may be utilized to
predict pixel component values. For instance, the one-
dimensional predictive coding_takes on one of either the
north neighbor (same column, previous row) or the west
neighbor (same row, previous column). Two dimensional
predictive coding involves, for example, both north and west
neighboring pixels. The exemplary embodiment of Figure 1
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The sumis input to a register block 170, which stores and holds the val ue
[err] until the next [err] is ready to be 8 sunmmed. The preMK98/11576
predi cted pVREPO¥Stponent Plerr] is also input to difference circuit 100 to
be subtracted fromthe actual pixel conponent Plerr]. Error recovery
circuit 15, which consists of sunmation circuit 160 and regi ster block, is
essentially the deconpression or inverse of the forward i mage conpression
process. Hence, instead of taking the original input pixel conmponent val ues
for prediction calculation, the deconpressed (inverse-quantized) pixel

conponent s aLg yseshd QG phedierlvaUBSEE Hadi@dncad yakyes. This

sinmul ates the prediction occurring at the receiver side (i.e., during
deconpr essi oRPIIMROH BIX&H 1, the quantization error for each conponent
remains | ocal i zedpteditbevpardding arirpuiel 10Asperatésnesd falldwss .predictive

codi ng circupt .10_gener at I A_for ch pixel nen
Plerr]. A se@&ﬁ%ef%fcizﬁlﬁegsu%{]n&ed{)o;g& nt\é%ag'grs f 8r$ﬁ qﬁ%ﬁ%}ll ?a%?or?g‘gﬁggﬁgédi ng
in an int egr vaddenuepresenying theodiffansnce hetweenePimmnpdhde-n. quits zed
value of 12. LUT 120 w |l store.t ull _ran possi bl e A val as
addresses to hdgk t'}ln%hﬁ%'ané’l Zed vgéid{n?sa Fggr%?/v\g?aél(:h'eor?g(oélgd)tg%iethi rd
LUT 130 st or d3Urengln. i nEQF nek @ ds andomdswpi hghda 8o biempibeslanc dnyenent
il utili k-t id ' f h ; d,
Wil utilize ﬁé?,h%geaovﬁ\ggl aiPe s Zaltple bseﬂeﬁ&ntl%é%qg@r

provi ded by I's a binary encoded equivalent o he quanti zed val ue
for a partic@pdr 2Br iBVeyae [@uatigedi sy dor ~helvenAidH STRA% on The

LUT 110 outputs a “recovered" error value A' to be used in
error recovery circuit is shown in Figure 1.

The recovered error value A' output by LUT 110 is the
result of both quantization and inverse quantization. For
instance, an error value A = 96 may have a quantized value of
12. The gquantized value 12, when inverse quantized will
vield a recovered exrror A', for example, of 98. It is this
quantization loss that facilitates compression. The
quantization formula which is used to compile the look-up
table may result in many values such as 96 and 98 as well,
mapping to a quantized value of 12. When inverse quantized,
the value 12 will always vield, in the example given above,
an inverse quantized value of 98, whether "12" was obtained
from quantizing an error value of 96 or 98.

This error, which is due to quantizing error values to a
smaller set of values can potentially propagate through the
entire row of pixels unless a recovery mechanism is applied.

Error recovery circuit 15 seeks to reduce the propagation of

error by feeding back and summing previous predicted pixel
component values with future recovered error values A' for
future predicted pixel components.

The summation circuit 160 sums together the recovered
error A' with P'j_1 which is the previous predicted pixel.
The sum is input to a register block 170, which stores and
holds the value A'+P'j_1 until the next A' is ready to be




froﬁ1LUT 130 and the binary codeword provided by LUT 120, a packing circuit
150 can arrange and sequence codewords for data transm ssion to ot her
conponent s or Wie9/a92e3. The codewords sent out by the packer cir PSBIASi n
sufficient information to represent a conpressed i mage and can | ater be
decgnpressed to recover a slightly nodified8version of the original
capvured I mage sent to the predictive coding circuit as the set of Pi

val yes for the entire inage. In the exanple of Figure 1, one-di nmensional
pregictive coding using the mest nei ghbori ng pi xel conponents S utilized

Thus, the very firs onent P art cul ar has

preyi ous pr ed?léf"g'ﬂleél xe?ﬁ% lecﬁ'{s ﬁrghfgsgngéxﬁ Wm}u Vggt‘FbGrl eX¥ s?]sscf or
Plerr]. Therefiapat Ebeﬁiffeié‘t&:ef |d1&tcu|atxgbootoeysryuusm;tﬁémlﬁ:@mbehe_

praovi ded direct]| t he packer C|rc$ 8 be encoded as .is. . OlgaCIE#E te
Phi's. operati on 2Kl PRAF e Hoft e bt s BFRE” COURHETDY proviica 20
f ot ?l | pi xel s dohsd skewosf i'.ﬁfunﬁﬂldiﬂ_?_:hl&@u&ltt 366[ ie:ﬁdSt] ré\@ﬁétéﬂ‘lébl\ww fllsr it4 0

i Xel conponent_js e val ue_sel ect ed
Bl T her Ctho_conSRERRTRPILY L A SR P Res PP OF S SPRSkRT T T KRS

15@ Tabl e 1 belorpreissienvaroesss or Hemcexedpsaegdf of staking qheaﬂrlglnal
cohponent s of & fau, Peg%ﬁrkom&;ﬁéﬁd ’vﬁ[upersr lfo'imgr {A%El nT@é)i&%ljaa:[l%r ] cfige

fitrst pixel conmponen has_ a val ue of ue o
difference cir @%Gsﬁﬁém(%’éﬁ?ﬁst%ﬂiﬂweﬁopm%hCP@P@P%‘?FecF%éWeQ Kew
pi xel row is opaliRiddtepehe AE4E, s\gsddimehntt beewakbues fQludde fivid pi xel,

fetr]. [err], aqgmﬁg.rr]the prediction occurring at the receiver side

(i.e., during decompression). As a result, the quantization
error for each component remains localized for the particular
pixel.

As mentioned above, predictive coding circuit 10
generates an error value A for each pixel component P;j. A
second LUT 120 is employed to perform quantization and
% encoding in an integrated manner. Again, for example, a
# A = 96 may have a quantized value of 12. LUT 120 will store
the full range of possible A values as addresses to index the
quantized value and its keyword (encoded).

A third LUT 130 stores length information and assuming
an 8-bit pixel component, will utilize 4 bits to provide the
size of each codeword. The codeword, provided by LUT 120 is
a binary encoded equivalent of the quantized value for a
particular error value A. By using both the size information
from LUT 130 and the binary codeword provided by LUT 120, a
packing circuit 150 can arrange and sequence codewords for
data transmission to other components or devices. The

codewords sent out by the packer circuit contain sufficient
information to represent a compressed image and can later be
decompressed to recover a slightly modified version of the
original captured image sent to the predictive coding circuit
as the set of P; values for the entire image.
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iare al so 96. Plerr] is not actually output until i=2. The next pixel
icorrponent RYo @9/307% value of 13. The Ais Plerr]-Plerr] = 13- 2€TAUSI®BIS7perr |
is the inverseé quantlzed val ue, which estimtes the value -83 to, for
exanple, -84. Plerr] is [err]=-84+96 = 13. In a simlar manner, the .val ues

shown for i 3, 4 and so forth may be arrived at. 10 In one alternate
{fenbodi ment, two-di nensional predictive coding nay be used instead of
lone- di nensi onal codi ng. Two- dinensional predictive coding will utilize

iboth the north and west nei ghboring pixel's, and though the |ook-up table

;approach wil | be Emntharexamﬁléeﬁﬁba@mnﬁlmmﬂqnefdmmansmmnpl smeﬁlatlve

two- di nensi o ROnsY ShBoE | dbnfoieng soikel ow. The
Q gém -5 Y&lé(;%s neighB5t ﬁgasg{)? LN s

ipredi ctive co erformng the ve conputation Is
advant ageousuthlﬁefﬂ a T Lﬁé"et ¥BKY, fhﬁﬁ%l@“ﬁ‘tﬁ' C:’L‘?E%P"qeéltutplll Pfe®. Such a

d 0ok-up tabl gﬁgggﬁ%gg SEAP!] RS nfohsrewéugtby@af@@é@%ﬁeeﬁclébhpgxeﬁenb' ng

Jf unctJ ons w er speci alized nor e corrp | cat e clrcult ry.
The LUT 110 Ray SRS S0 sestudedohbrrseSivts a0k fmn FoesRiPReTabl e the

{Tabl e 2 [e”k 1oe pilel 10 CAPL N IR, Oéﬁogﬁdabé'gf@éﬁ@é@rﬁ%%@%h? EBMRLy such

as a RAM whi Ch Uses a val Uue A as an address to T ook - up, the coriespondi ng
Malue A . Seerker RAMFebk-f Reasneoded; asxbensi T farddhada st o

qualnt i zgt | Onopagat VL] S& MVElY 1Z3eir0N 40i Eelibtty tHalcomdWdrderichadetl bpal |y
utilize

LUT 120 for all pixels in a row after P; and selects P; when
the very first pixel component is to be encoded. The value
selected by multiplexer 140, either the codeword from LUT 120
or P;, is packed by packing circuit 150. Table 1 below
shows values for an exemplary first four pixel components of
a row, P;, Py, P3 and P4.

Table 1
| i=1 i=2 i= i=4
Py 96 13 9 104
A %6 -83 -3 96
Al 96 ~84 -4 98
P'y 96 12 8 106

The first pixel component P; has a value of 96. A value
of 0 is fed into difference circuit 100 from register block
170 which is cleared when a new pixel row is operated upon.
Thus, each of the values for the first pixel, A, A*, and P'j-1
are also 96. P' is not actually output until i=2.

The next pixel component P2 has a value of 13. The A is
P-P'y = 13-96 = -B3. A' is the inverse quantized value,
which estimates the value -83 to, for example, -84. P'3 is
A*4+P'; = -84496 = 12. In a similar manner, the values shown

for 1 = 3, 4 and so forth may be arrived at.




il to performthe sane functionality. In applications, such as still inage
dapture with a portable digital canera, the quantization and pbp¥RKS§11576
(uantizatiod”ﬁﬁgm%@3conpiIed wel | in advance and the sane tabre of val ues
itilized for all inmages captured. Additioaglly; t he i mage conpression
goparatus shown in Figure 1 is further advantageous in that the conplicated
gr ocedure of binary/codeword encoding is avoided. In binary/codeword
gncoding, a value is represented in sone binary form such as one's

donpl enent and is al so further coded using a coding schene such as the

;, : - knoYvnt Hﬁf f rrarmd:s: ?ﬁi@&lt@?ﬁﬁt_@odxhﬁ@dl iﬁez?,?%ﬁ&@@&ﬂe%%&ﬁalaﬁﬂeawlﬁivé?z
jtilize |latches_an ogic gates,i egented in, . _Even te_conpl ex an
i nary/ codem?%d’é?ﬂ:(?&lgléei Sﬁﬁel’bgg%%%fﬁ% %Te'%iﬁﬁﬁsﬁ’ﬁﬁi Eﬁng?ﬁgi’zi [%’m'

ignvol ves nmappaigerss fonadt pretiiotival ceding vailmaitidn zeebooh vhé uesrtH raridrage
donpr essi on, quantization .i Leyed, aec ' rh0 | as, which
¥hile readil y‘gﬁ% T qbé’rtl)‘f/laasgg%ggbr%rg%s%%lgqqgftsht%e%%ogr.{éigt %%Lg%rrpl ex for
mal |, por t abapprorgi g 19y beesimilangi e sferdick susiruasriti gilhl vamner as
poul d need t059@:@'&v&-@iﬁ@%%ﬁﬂ%ﬁ&é?&ti@é’k%&%‘ RYsteRUel ERGRRNSS

it c. which na¥ e quite mathematically rigorous. Not Only nmust the canera
clonput e such $9REPaS, BHiM rel ates an error or delta value x and the

quanti zed val ue y, Theltpiddidiitied cdaing edrébet f1y perforgiingk taedapéieci ent
panner so that conpressiaon is fast., Fast.conpression,allo he digital
Janora to " onEPBUREE T A oAV AREROPORS 1R THS & RPRIRR: CRRdge WHIRBGL oo
Juch delay. LUT 110, is utilized. Such a lock-up table greatly

simplifies the predictive coding circuit by combing functions

with ASICs and other specialized, and more complicated
circuitry. The LUT 110 may consist of two columns such as
shown below in Table 2:

Table 2

A Al
; 97 98
] 96 98

95 98

0 0
'E ‘83 "84
i -84 -84

3 b e R v

The LUT 110 can therefore be a simple addressable memory
such as a RAM which uses a value A as an address to look-up
the corresponding value A'. Such a RAM look-up table is
inexpensive in comparison to quantization and inverse

B e

quantization circuitry that would be traditionally utilized

SR

st s
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Again, while a conputer systemmay be able, with its processing power and
pwerhaps de%‘?@f ¢3/1 deo conpression chips, to conpress i mageRCT/HS2B/Pr t

time, a digl carrera if it is to be portable, and cost-effective, is |ess
able to do so. Thus, the focus of inmage aqanpression still cameras should be
I n reduci ng the nunber and conplexity of processing steps. A preconpiled

| ook-up table, according to the various 12 enbodi nents and nodi fications

t hereof of the invention, can achieve this end. Figure 2 is a bl ock diagram
according to a second errbodl ment of the invention. Figure 2 shows a

pi pel i ned artchipectarmme ther spmef 5m¢hg>n¢ﬁ@gef corfpr eppilapatipes prewshtase
coding circu ﬁ{ga.g] guerit & Spdrehflalliyiicahendadrao veek on a

" conponent " %t&lﬁé da?:tﬁ&: |ng ﬁpﬁl S reg <'§‘1L)rél gurer shows_a first
predi‘ctive cEURRELEIFIAR @y A DRAF £ q%a%ma}t&ror{ H‘atyhé’epFBHPH'?@ew%yd Yy

circuit 10 Oad{?aﬂ@é Garld aihd GpReateblepen Ydlud? aitilddedolfor plantmagaponent
of the pixel. v&} a second predictive coding circuit 220 i s shown
whi ch oper at 8§ ‘ﬁ ¢he G or green col or plane conmponent, and a third

predi ctive codi ngAdditcienall3n ithes htmageopemlares@mxpcapnalmtBsoshbmemol or
plane cOMPONgdtuBl 2 PLXfhr U AR, ¢ gﬁ@ulthbphemghagﬁeas

provi ded to s&Fect one o ree out put 11 nes on l'ace the incom ng
pi xel conponprpcedwre sef &uinaryeodeword@nerRinknGS eﬂ’\’é’lﬁ]teidl i z&8 to use the

two-bit tag b@ﬁawﬂ&b&éwdfa réawoalhae SOURDAE M s Ay <bicndled iASsdmecussed
bel ow, the ordering_of pix
binary form, such as one's complement and is also further

coded using a coding scheme such as the well-known Huffman
coding. Such coding is executed bitwise, and thus, may
utilize latches and logic gates implemented in CMOS. Even

more complex than binary/codeword encoding is the procedure
of quantizing. Quantizing involves mapping a first set of
values to a smaller set of values. In image compression,
quantization is achieved according to various formulas, which
while readily computable by a data processing system, are too
complex for small, portable imaging systems. Imaging
systems, such as digital cameras would need to be able to
compute formulas representing visual response, etc. which may
be quite mathematically rigorous. Not only must the camera
compute such formulas, which relates an error or delta value
x and the quantized value y, but it should do so on-the-fly
in a quick and efficient manner so that compression is fast.
Fast compression allows the digital camera to "snap" the next
picture, i.e., capture the next image without too much delay.
Agéin, while a computer system may be able, with its
processing power and perhaps dedicated video compression
chips, to compress images in a short time, a digital camera
if it is to be portable, and cost-effective, is less able to
do so. Thus, the focus of image compression still cameras
should be in reducing the number and complexity of processing
steps. A precompiled look-up table, according to the various
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corrponénts will allowthemto be properly m xed during deconpression. Also,
this enbodi nent ensures that predictive coding is perforned seg&g gﬁr
each col or coW@A¥9763 Red error val ues are predicted from Red or vaﬂues
Green from Geen, and so on. This aids the 9 gcur-ri ng of predictive coding
by matching "col ors” when predicting. The noftipl exer may be avoided if
there:-are separate R, G and B sensors for detecting different pixel
conponent s. Advant ageously, such a system would be able to sinmultaneously
process nore than one conponent. Each predictive coding circuit 210, 220

and 230 is capabiRdinedtEeaningodi 61AH RrietnalebTos, thef idddndidh, " tan240
and a second LUT "Length" 250.. As described in Figure 1, LUT 240 is a RAM

or other menor BHYSHRE FEE0PEINi ch accepts as an i ndexi ng address, an
error val ue 13 genbhadted by tah@lwckda&tagremcadwgdﬁngwota sedgat hi s

address, the pre o ile%% ngTt%40 to provi de a codeword equi val ent
whi ch |an|C|tI I'ns Q% tizati on and encodi ng process. LUT
250 provides for eaclﬁl-m% r@%@d@mpeﬁhneﬁ aSChmtecturevmn@@rmmcb by

the predictive Jen tje0 o
nun‘qer of bits %ﬂ?géeac Stmn %Q ﬂ)f%%c gegopgﬂlbt éﬁ&g#’pre ctlve
G|

codilng circuit E-'&S*Pr%ll%e%snéﬁ%fér)ﬁblﬂe lé&ﬁf*ﬂ@ér vork; %Iiia'h%@ﬁmfyﬁn%de(%
LUT 240 as wel |G3<§r|—IMT 8§(h Wistdiat tI'ﬁetB'i@CQééhB& OFi§OLET 2 pélacsws COMpaRANt s

?Liﬁ.ih”g#ﬁ.g'fe'ﬁ@ o ot aBL PEFELSE 2 i e Lab b BRI T

I predictive coding circuit 10 of Figure 1 and operates upon

the R or red color plane component of the pixel. Likewise, a

%é second predictive coding circuit 220 is shown which operates

: on the G or green color plane component, and a third
predictive coding circuit 230 is shown operating upon the B
or blue color plane component of a pixel. In this

g embodiment, a multiplexer 205 is provided to select one of

%% three output lines on which to place the incoming pixel

: component. Two select lines, a TAGl and TAGO are utilized to .

use the two-bit tag information to route the component

: accordingly. As discussed below, the ordering of pixel

components will allow them to be properly mixed during

&
b

decompression. Also, this embodiment ensures that predictive
coding is performed separately for each color component. Red
error values are predicted from Red error values, Green from
Green, and so on. This aids the occurring of predictive

it e (I

coding by matching "colors" when predicting. The multiplexer
may be avoided if there are separate R, G and B sensors for
detecting different pixel components. Advantageously, such a
system would be able to simultaneously process more than one
component. Each predictive coding circuit 210, 220 and 230
is capable of accessing a single set of LUT's, a first LUT
"fv 240 and a second LUT "Length" 250. As described in
Figure 1, LUT 240 is a RAM or other memory lock-up table
which accepts as an indexing address, an error value
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I mmge sensing, the R G and B conponents are assigned an even nunber of
bits when sgngeleres" Systems where this is not the case the parAIsp&1576
architecture rmay be nodified to include LUTs that have three separate
sub-tabl es, one for each conponent, or thg conponents can be converted to
have an equal nunber of bits. However, with, for exanple, an imgi ng system
producing 8-bit R 8-bit G and 8-bit B conponents, a single table of |ength
2N+1-1 will suffice to provide codewords for all possible error values (in
the range -255 to +255). The sane principle holds true for the |ength LUT.
Though no segenatatediibeshar pradédbive orodinh cglcadtpl aHEingnpbASNt, it is

i mportant to identif yend Yr R36R1EAEPAIENIAE I US prdetREr at hat val ue
represents the sensor capture or_i nput RL_G or B conponent. This is desired
so that uponcerdewasd re@iiwient P"Hécgi 3P L iehE 1p G5 s: & 5“’8?§§F8y,
gri nter or F]g;{l&ht%é@yén NE GRicodingeproesss Or SUIDrxEfe proviidesc prueach
evige itself, it wll _be possihle to "mx" the R G and.. onpo ts
correctly toiRGREHRE ?@é&?éﬁmﬂ&hﬁgsofsiﬂ?eﬁgf?ﬁl%giﬁﬁu?ﬁﬁ%éaéa g&rgﬁﬁstance,
if the blue (Jpedieepoaccsdirad wdromit, ulehgiedis formaidinc tindg cagdngREhet he
resulting m xe ol ) s [ t ki nal col or
of the inageﬁﬁgg 8@%8%%9€é§#§%9Qfggéhéuégaéfgﬁgrf%%ﬁ%#%ggggﬁ%b?he packer
can arrange, dircaay-desired order, the R, G and B codewords, by using "TAG

ool ng circul . Toe TR ot cr B o CTACD R0, TAG) s oL ALy asagen
of t\,\g bi tsu:%ﬁiﬂf’gﬁﬁgt?{t imultaneously indaR L Ho & LS 1o geyence
so that the processing of color plane components of a single
pixel need not be pipelined, but can occur in true parallel
fashion. This is made possible since in most traditional
image sensing, the R, G and B components are assigned an even
number of bits when sensed. In systems where this is not the
case the parallel architecture may be modified to include
LUTs that have three separate sub-tables, one for each
component, or the components can be converted to have an
equal number of bits. However, with, for example, an imaging
system producing 8-bit R, 8-bit G and 8-bit B components, a
single table of length 2N¥+1-1 will suffice to provide
codewords for all possible error values (in the range -255 to
+255). The same principle holds true for the length LUT.
Though no separate tables are needed for each color
plane component, it is important to identify, for each
component error value, whether that value represents the
sensor capture or input R, G or B component. This is desired
so that upon reconstruction of the pixel and rastering to a
display, printer or other output device, as well as for
storage on the capture device itself, it will be possible to
"mix" the R, G and B components correctly to compose the
final color intensity of the pixel. For instance, if the
blue (B) component value were utilized for predicting red
(R), the resulting mixed color might incorrectly represent



G or éand I s passed through wi thout change at the output of the LUTs.

The TAG information can initially be stripped and passed al ong

signal |line swoe8/00T8 to conplicate the indexing process. In oﬂgnégaﬂﬁg%?
enbodi ment, when pixels are forwarded out of an inmage sensor, the ordering
of the pi xels follows a particul ar pattern1§uch as the Bayer pattern which
Is well-known in the art, and shown below. [err] The exenplary Bayer
pattern shown above shows that each even row consists alternately red

pi xel s (R) and green pixels (Gl - even-row Greens) only which are tagged by
00 (R and 01 , Yo, QYIS MVARPN-Jo d 4l €§ cymlarly,
t he odd rows Cgﬁglg%g %?%ernatlng tﬁ? qgg#ﬁ% g'gﬁ% ﬁﬁ are S|nrlarly
tagged by 10 ( €RSUrgdRICPRR¥ Goeew)a L0 1qh€( Backess sast avewgefrhﬁen RIeker

uni t al ternat elispaedsSotder, coﬂ@/\w de ghd R aftsh&%rrarsxebg 1818 epmyr row and

&, B dd The t t dentify th f th d d.
Thi s tag | s noRPSETRRF G LI GUARCPRPERFE TR RoE) FalbPoRFPVAIE That .t he

green pi xel s |@aoddpae61QWEweramﬁangrelrceated‘Ehé1TasenhfprmaﬁlhmnCEAGQhey

dentified d t Th
o (ST B8, SlatLY B SR Blesl 0 GEERISS! By eyiod S

parajlel archlte ure vanta
LUT-based i mag&.cenpBeand ok tgaa;gdnghmughaws@row Cthmgﬁabpﬁh?oo‘b‘?@é‘éﬁf

al | jthree col orpl 2@sCOrpaneRis 1n@6§m§€%ﬂr@a&fuﬁl&f&lqypf)@déﬁiiﬁﬁe&%@g
|nefe conpression schepe is the absence of _ co] or conversSion.

B passed along a separate signal line so as not to coﬁpllcate
the indexing process.

{ In one embodiment, when pixels are forwarded out of an
image sensor, the ordering of the pixels follows a particular
pattern such as the Bayer pattern which is well-known in the

art, and shown below:

Row 0 “R Gl |[R |Gl |[rR (ec1

Row 1 “ G2 |B |G2|B |G2 |B

Row 2 R |G1 |R |Gl |R |Gl
A

Row 3 B G2 |B G2 |B

The exemplary Baver pattern shown above shows that each
even row consists alternately red pixels (R) and green pixels
(G1 - even-row Greens) only which are tagged by 00 (R} and 01
(G), respectively, to be recognized by the packer.

Similarly, the odd rows consists alternatively A and B pixels
only which are similarly tagged by 10 (G2 - odd-row Greens)

and 11 (B), respectively. The packer unit alternately packs
the codewords of R and Gl pixels in an even row and G2, B in
odd row. The tags are used to identify the color of the
codeword. This tag is not actually included into the packed
bit stream. Note that the green pixels in odd and even rows
are treated differently and hence, they are identified as Gl
and G2 and tagged 01 and 10, respectively.



oy
schene does not rely upon a particular color space. Since the imaging
sensor of dig}t@l i@meras operates on an R, G B conponent prigreigdoRinidree
i mage conpre PN pe performed RR, G B with no conversion to any other
color format |ike YW (Y-lum nance, U color,. V-chrom nance) or CWK (Cyan,
Magenta, Yellow, Black), for exanple. Figure 3 is a diagramaccording to a
hlrd enbodi nent of the invention. Figure 3 is a block diagram of internal
gﬁge processing and conpressi on conponents of an inage capture device. A
nsor 300, such as CMOS or CCD sensor generates pixel conponents which are
col or/intensity valmes daraDlsanarshiteecutbeotOFghrai Zefu!lﬁjguﬁﬁllgﬂi@é at ed

by sensor 300 are sent .to a cap i nterface 310. Sensor
g tar caner B AT EREPERE RFI EUThASES | {08, amerERBIOR, DY, vgfng oy a
corrponénts f r ogetoret 'tsmnxable‘s to pracess dldc dhree. cismesepﬂ:mmponents can be

i nt erpol ated tggf%p?u&tso f g Oéf'eéucfl-}% %xlem%&@let &ag%rgﬁ 1&)05| te

plxels when reco ay or purposes. m er.f ace
310 captures t¢&euprRRFdoge ﬁéh&@édl%yth%eawes &fs @uolaﬁdcapﬁenasormesrhe

i‘dentifying CO&&E&E@W%& E@lyt@ﬁorﬁ)'%%&ﬁ’ﬂ&dla‘rn@'o\lbéuébaeéxm §ché16
TAGs are two bits each, for exa 01, 10 and 11 for

(even-row & eeﬁlj‘e AR SePaﬁFgée%glfsﬂ( Bfaaras P&%atﬁésﬁﬁc??véi Voo The
ordering of pixehsomatt drdncébgeantie oimdde arwng@2ssd odesani bedpabbyemed t h

riespect to Fig CI r t

({onpl erment ar yﬂwe?mm%ﬁ%% S° %ggﬁgféﬁ M r,lher' %ol%ﬁegg@é fy%sensor
:t”nat sone of th¥-burinanssg.| ¥-cplehe ‘ieﬁlsmmmzmme)mr rﬁMYKréw@nd Magenta,
Yellow, Black), for example.

1)
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Figure 3 is a diagram according to a third embodiment
f of the invention.

Figure 3 is a block diagram of internal image
processing and compression components of an image capture
device. A sensor 300, such as CMOS or CCD sensor generates
g pixel components which are color/intensity values from some
source, The 10-bit pixel values generated by sensor 300 are
sent to a capture interface 310. Sensor 300 in the digital
camera application, will typically sense either R, G, or B
components from one "sense" of an area or location. These
components can be interpolated together to form higher-order
(16-bit, 24-bit, etc.) composite pixels when reconstructed
for display or output purposes. Capture interface 310
g ] . captures the image generated by the CMOS sensor and appends
TAGs identifying color components for the pixels with
individual pixels. The TAGs are two bits each, for example,
00, 01, 10 and 11 for R (Red), Gl (even-row Green), G2 (odd-
row Green), B (Blue) pixels, respectively.

The ordering of pixels and the relevance of Gl and G2 is
described above with respect to Figure 2 and associated
description. It is typical in any CMOS (Complementary Metal-
Oxide Silicon) or CCD (Charge Coupled Device) éensor that
some of the pixel cells in the sensor plane may not respond

RURDrT SR



16 to thf{e i ghting condition properly. As a result, the pixel values
generated fromthese cell may be defective. These pixels are cptredodidiead
pi xel s." The wﬂ%?@m@ubst itution” unit 315 repl aces each dead pixel by the
i medi ate previously valid pixel in the rovyl.6 A RAM tabl e 316 consi sts of
the row and colum indices of the dead pixels, which are supplied by the
sensor. This RAMtable 316 helps to identify the | ocation of dead pixels in
relation to the captured i nage. Conpandi ng and gamra correction nodul e 325
is a tabl e | ook-up based converter to convert each original 10-bit (I|abeled
| Ob) pi rel f r ompot I&ﬁﬁsemgbtihﬁg) andthbh prowérmal ue,g ayrebkalti nsmarm'ecehl
interpolation. In this architeciure,.conpandi ng a a correctd on has
been i nt egrat ea'airiHFS geg?ﬁ%‘l—'%&téar&metpﬁﬁ-%% %ya%eo N EﬁﬁﬁﬁeCori‘ Tifon is
requi red to aclpixedscereecélled dddadnpaaete. ‘andheoipixsf snbshetwutgnit

di spl ay device Mat @b ' £00p d: r '

nodul e 325 anduggﬁtgﬁgskgﬁgggﬁfﬁgggpgghgﬁ% congﬁﬂé?%bltagpgéegoéggg% é’lor
pl ane there ar ¥3lidopixedoin e 8% .of 8 bits. Next, a spatial scaling unit

?&L i shusgdlto scal @ d@mmchb@eozi@:cr@isi'ﬁl&ggsf tie thss éﬁﬂcﬂic%ihﬁ\ﬂhgﬁﬁ@iégée ijs
,.the 2:1 scali per.ation. 'scal.es.the inage Si to X an
the' a: 1 scai i nglopiatienh BEEFHS. MGRWATE S RBLIEEY Chh 593FPhus THES
conpacti on of iRmMyeabiiecBlfahelps urndddentalyytharigeatRAl 3Z8daadoppasal ©S
spafial scaling unit, 327 .apd | js@q [y | medi .Qr dyr] t he
scal-l I ng oper at %@n?eﬁggaé§aggl Jél?e : é%%fil #é;%ah %e&%%ﬁ\%éﬁgﬁtggg géﬁmﬂg
sugcessi vel y appisperfizn medale ni?oper at tahle vl edk-uhdassidksonyenpenekre
dafa is scal ed,cdrvert RA2HEHrifimal 10-bit (labeled 10b) pixel from the

% sensor to an 8-bit pixel value, by, for instance,

§ interpolation. In this architecture, companding and gamma
correction has been integrated into a single table look-up

operation. Gamma correction is required to achieve correct
; color luminance and contrast in the output display device.
RAM table 326 accompanies compand and gamma correction module

325 and contains the entries of the companding table. For

each color plane there are (210=) 1024 entries of 8 bits.
Next, a spatial scaling unit 327 is used to scale down
the original image. If the original image size is MxN, the
2:1 scaling operation scales the image size down to M/2 x N/2
and the 4:1 scaling operation scales it down to M/4 x N/4.

This allows for compaction of image which may be undersirably
large. RAM 328 accompanies spatial scaling unit 327 and is
used for intermediate storage during the scaling operation.
For example, 4:1 scaling can be implemented by successively
applying 2:1 scaling operation twice.

Once pixel component data is scaled, it is passed to a
DPCM unit 330 and an entropy encoder 335. DPCM unit 230 and
entropy encoder 335 are substantially less complex than in
prior art imaging systems since RAM 332 and RAM 334 contains
4 information sufficient to performing quantization and
binary encoding. Scaled pixel data is passed to DPCM unit



DPCM unit 330 and an entropy encoder 335. DPCM unit 330 and entropy encoder
335 are substantially | ess conplex than in prior art imaging yg1ce
RAM 332 and YWRRF8%5A3 cont ai ns i nformation sufficient to perf%?{%m%mlg
guanti zati on and binary encod| ng. Scal ed Q_ xel data is passed to DPCM unit
17 330 and entropy encoder 335 to generaté&'error val ues which are then
packed into codewords (refer to Figure 1 for a detailed discussion).

Entropy encoder 335, though shown in a separate block, is not actually
"separ at e" fromthe DPCM unit 330, but integrated due to the table | ook-up.

A RAM 332 whi iy hagy %%bgabheadé\f\%wd&/\@’e@ekatér Eﬁi'bﬂnvé\ﬂijesﬂ WRAMK334
whi ch has the l ength of ¢oO

wor ds are ung g | ow da t E unit 340,
which is sini?%E® 'E KR{ GNOUICPIEN8TEF KFGEPE §° .f‘ C ‘%/ &rrange
the codeword det&m Qiismsesbentpf Ve tedpye dnesodielr (33516thom§1') shdwn byt @

t Dat Ki ,I .d hi
Lo & DVA cont FOPRERCS TkoPun i8oROF off BF° Ll 1SCar GeoeoRbahau PR (B
conpand and gad®m lowr rigdtsgratedddue '@QSthq)lbaéileszgkrtlm edAdRM 33Dm pi xel
substitutlon Whitn s acggr&l%heﬂagaaze&aa&b:@tﬁftamat%@\éﬂa'A 5 Skt

vari ous purposes s statistics, or sensor alignnent, etc. This data

shoul d be of Whiflrias cthp Heagch Pﬁa‘E"%e“b‘?Bd%@Gecé‘ﬁe@r 5AsPLLEV Rt

request ed by 9abﬁinglmﬁisn Jmmdumicanﬁs deimies conprekeédgovercube 185.0f
| nportantly, also

t | 350 d d dat
firom dat a pacf?‘ﬁﬁfﬁn?t %ﬂoc?clgrn%r O‘]ty # ftp &g g¥7§5338§dp§6§§p‘5$§%er‘§%%| y? :
\M th the righbei of evaniabldsriengthudB-16abitse into byte units. Data

packing unit 340 generates 16-bit codeword data and sends
this to a DMA controller. The DMA controller can receive

- met e 30A 51

companded data from compand and gamma correction module 325,
pixel substituted data from pixel substitution unit 315 and
9-bit cuantization data from DPCM unit 330 for various
purposes such as statistics, or sensor alignment, etc. This
data should be of uniform length such that a bus 360 can
transport data requested by other units, modules and devices
connected over the bus. Importantly, alsc, the DMA
controller 350 prepares the packed codeword data from data
{ packing unit 340 to be communicated over bus 360
appropriately, with the right internal address such that the
correct data reach the correct destination. Bus technology,
addressing protocols and DMA controllers are well-known in
the art of system design and can be readily
modified/specialized to fit the desired application.
! Each of the RAM tables 316, 326, 328, 332 and 334 can
_ directly communicate with bus 360 so that their data can be
g loaded and then later, if desired, modified. By preloading
data into those tables, especially for quantization and
encoding, internal circuitry for mathematical computation is
greatly reduced, and replaced with lower cost memory units.
Figure 4 is a system diagram of one embodiment of the
invention.
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correct data reach the correct destination. Bus technol ogy, addressing
protocols and DVA controllers are well-known in the art of sy

and can be r @P¥YP7hdbdi fi ed/ specialized to fit the desired ap%?ﬁ?g??@#ﬁ@
Each of the RAMtables 316, 326, 328, 332 and 334 can directly comunicate
with bus 360 so that their data can be |oad®d and then later, if desired,
nodi fi ed. By preloading data into those tables, especially for quantization
and encoding, internal circuitry for mat hemat i cal conputation is greatly
reduced, and replaced with | ower cost nenory units. Figure 4 is a system

di agram of one enbogi atleg! RS & NVGHIF 1T systlzﬁ b1 6 USTH AP thalyS 12 & uter

system 410, which e any general or special purpose computing or dat
processi ng mac%?‘h%r% GF spegipt ?‘b@%ﬁﬁléﬁm@ﬁﬁﬁﬁgeﬁ’ﬁ d%rﬂ"élﬂ:etsélégcanera

430.
i mage
i mage
i mage
i magg

- Canera 4g0cHBRYe uch disght Bt (EeEIchaldicginbate) ﬂaﬁb@m &o rar cah¥ra

capture ice or | I.n ystem..an s utilize apt a sensor
of an ob?gg HﬁgggﬁtﬂQYIge ébﬁﬁggé Fﬁﬁﬁﬁ% #i 86 by .an
conpres scamem I coxt tan4r32maget Mtuﬁaeyievanebereimagnmtdxsmr @gd hdsan

menory upik44 M r@gp devi ce such
as a fixed dlsghi}ﬁgﬁ%g%péggl cé#%%as [ ges are stored st and
dowl oaded | at Bssefrpially | mtpnedczmg% £3% COMPEPSERR WhehaWags| ect
qui ¢kl'y Wi t houboRgebéd ialcidRlaY. 43 BES dHAAC RSN dah Nhé mﬁfﬁmml nt of

thef Tnvent o GRECELe el L0V L) s e 48: S8TRLS 50 U Al Soud
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or other storage device such as a fixed disk. 1In most
digital cameras, images are stored first and downloaded
later. This allows the camera 430 to capture the next object
gquickly without additional delay.

Image processing in this embodiment of the invention
operates as follows. First, an image compression table, if
not already compiled, is compiled using computer system 410.
The compiling of image compression tables according to
desired quantization formulas or methods is achieved using a
processor 412 such as the Pentium™ (a product of Intel
Corporation) and a memory 411, such as RAM, which is used to
store/load instruction addresses and result data. The
application used to compile the image compression table may
be an executable file compiled from source written in a
language such as C++. The instructions of that executable
file, which correspond with instructions necessary to compute
quantized error values, codeword equivalents and index these
and other values into a table, may be stored to a disk 418 or
memory 411. It would be obvious to one of ordinary skill in
the art to program a computing machine to compile the image
compression table.

Computer system 410 has a system bus 413 which
facilitates information transfer to/from the processor and
memory and a bridge 414 which couples to an I/0O bus 415. 1I/0
bus 415 connects various I/0 devices such as a display



not already conpiled, is conpiled using conputer system 410. The conpiling
of - i mage co%ﬁ%ﬁj’(’gn tabl es according to desired quanti zati oredUsasiasrsor
nmet hods i s I"'eved using a processor 412 such as the Pentiunferr] (a
product of Intel Corporation) and a menoryg 411, such as RAM which is used
to store/load instruction addresses and result data. The application used
to conpile the image conpression table my be an executable file conpiled
fromsource witten in a | anguage such as C++. The instructions of that
executable file, which correspond with instructions necessary to conpute
quanti zed er a@aptveatuéss, cadlswoilB eopd aal EOspant 41itlexsudieses andeatihér
val ues into a tgble ys&@hﬁ%éﬁﬂi té%?ﬁsdb?kgﬂés 31 FEITORY, Bastkl anlt woul d be
In

obwi ous to oR&T ary sk program ‘a_computi ng machine
to comnpile tbe‘ldgagecwnipeels%lblrz%iamléih Chepinventien aandi hehas a system

bus 413 whic e I terat &M 4 RYAL @324 paed
menory and alat?%‘?’ggét%?ﬁ ﬁﬁ?‘gﬁ%ﬁ%‘?g"% (?%% /% gﬁé éﬁnS rhA'Ie/O bus 415 ‘E

connect s var COMPLPABLERYI ces such as a di spl ay 19 adapter 416, disk 418
and an |/ O port 4bAcesybl @abdesSPsi @dmpidrdd, Manyasubb smbimtdug‘ts m'fo 1/0

devi ces, buses ridges ¢ b t|||zed Ln

conbi nati on ﬁ%&nqﬁg g ?oa?%'c? et% Far Ve Tcom?rlleégg p%%gé%][ e conbl nat i on.
Once t he tablRaM srcmptﬁdutlllz:%d] e thentimalgeogghpt #€E ben tcitacnignd32eaded
into image Cafpr %%51§328he&ux6aé§3 aéar@e?@\ﬂefa"ft@méyuehiw&doﬁtﬁée | mage

conpression circuit
image compression circuit 432.

When an image, such as an image of object 440, is
captured by a sensor, the sensor captures for each pixel one
of R, G, or B components and these pixel values are then sent
to the image compression circuit 432. Image compression
circuit 432 consists of ICs and other components which
execute an image compression scheme such as predictive
coding. The image compression circuit 432 calculates initial
error values according to a predictive coding formula, and
then, looks up both the corresponding quantized error value
and Codeword equivalent for the error value and stores that
into the image memory unit 434. By looking up the values in
the image compression table, the steps of computing

. s At nen e =

quantization and bit-by-bit encoding do not have to be
performed by the camera. The total cost of the camera is
reduced by avoiding the additional circuitry used to perform

A e A AR

quantization and encoding of error values. Once all pixel
components are processed, the camera 430 can capture the next
image. When the user or application desires/reguests a
download of images, the compressed images stored in the image
memory unit as packed data (Codewords) and are transferred
from image memory unit 434 to the I/O port 417. I/0O port 417
uses the bus-bridge hierarchy shown (I/0 bus 415 to bridge
414 to system bus 413) to temporarily store the Codeword
pixels into memory 411 or, optionally, disk 418.
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The table, once | oaded, can thereafter be utilized by the i nage conpression
circuit 432. %eﬁﬂﬁfhi mage, such as an inage of object 440, is pAMISIBRTETEY
a sensor, the S captures for each pixel one of R G or B conmponents
and these pixel values are then sent to the,ymage conpression circuit 432.

| mage conpression circuit 432 consists of ICs and other conponents which
-execute an i nmage conpression schenme such as predictive coding. The imge
conpression circuit 432 calculates initial error values according to a
predi ctive coding fornmula, and then, |ooks up both the correspondi ng
quantized error val umearc@n@oréewaddlmmngadmtdefmmhesedrby ygai tEbbad
stores that int | o t es in the
i mage corrpresm%r#]triecbal ﬁe g?éi‘e g(%xt Ifé)k‘hl}g[a\:%n 8’5‘% |za oﬁélén# it-by-bit
encodi ng do NOtPIREREICF l&ézpépro?-ﬁ%deW%W@Ibarr@ﬂaceThbet dhage cePREs Iiem

camera i s reduceghiy Al Hale bBenadéidi il ort ithelicbinput8@dsy ot 8R! f0f Man
quantl zation and encodedg% of .error_values. Once E” p| xel conponents are

procéssed, the BRMEFYE AOLKPHRT 1R HEYRESS | BCtiipdnerRer ueatugy
appl ;j gati Onhdesééfﬁé§;ﬁﬂidﬁ3igs te" dhéﬂd:@@éud&dal rrenggs,edrtrbe ganméesafd wEY i
storjed in the inmage nenor packe ewor ds) _and. are,
trarisferred fr o i HAG %’r% rylﬁrti?f’e4§§§{’xggtﬁeral }CS& o rff%p Pﬂﬁ‘%o’f’f‘a%7
use&‘, t he bus- brﬁdg@nm@@mh)ﬁcbhmm (:¢lnir¢msceﬂ_‘55de@0mplrgg§edlzlma@es@em
bus;413) to te Qéafg&aséé&)rﬁatgge@@dﬂweh&&w scéaatec}e@emﬁaﬁ& [O$ing a

optfonally, dis onpressed |1 mages are decqnpressed
suitabl e display adapter 416 onto a monitor 420 to which the computer

g system 410 may be connected. As discussed earlier, the
g decompressed image may have pixels which composite R, G and B
{ values together by some method interpolation method and,
thus, can produce higher-bit resolution images.

The exemplary embodiments described herein are provided
merely to illustrate the principles of the invention and

§ should not be construed as limiting the scope of the

invention. Rather, the principles of the invention may be

% applied to a wide range of systems to achieve the advantages
described herein and to achieve other advantages or to
satisfy other objectives as well.



application software (or hardware), which may utilize processor 412 for its
executi on. \%}9516‘07%5‘9 | mge conpression table will have been pOTfSPEUSHN t he
conputer system 1t can be reused to "l ook-up" in reverse the actual error
val ue corresponding to the Codeword. Thezerror values are used in an

I nverse predictive coding (or other correspondi ng i mage deconpressi on
schene) to produce a deconpressed i nage 450. Deconpressed i nage 450 nmay
then be rendered visually using a display adapter 416 onto a nonitor 420 to
which the conputer system 410 nmay be connected. As discussed earlier, the
deconpressed i mage nmay have pi xel s whi @AdM8posite R, G and B val ues

t oget her by @gnE nethfd.in ergplation nmet hod and, thus, can produce

hi gher-bit r Brutfohi-f % s-® The exenpl ary enbodi nents descri bed herein
are provided nerely to illustrate the principles of the invention and

shoul d not be cong{ruegnggmggg;Egggééiﬁﬁiﬁyﬁﬁgaggﬁpggc;gégggggggyRather, t he

pringi ples of the invention ) stens-to
achi eve the advantadd¥sgedepknel FPks FonfdousedchPeREovidRra MAtEsss or

to satisfy olkgle 0BoBCheYR§ BSddwedd by a %%:Mat adiiér%@,i med liSZ 1];_ Ag

i mage conpressi on _apparat.us ¢ risi;ng: a fi.rst lLopk-up table .confiqured to
provi de a quantizéﬁsgﬁﬁgdug8ﬂﬁ5 nﬁﬁ$$%kﬁaﬁfﬁgyr§dsgﬂngog. e nd

! ogk- ug 'ltoabl Qfg@laﬁ.idgapdé@tipoprbeimbe irdexredh pivh sefdsaingbe ceddmess te)]zmb -
i ndexed by said si LESSmeAsRL E . r oHl ) sai
first |ook-up tabléggg'riegatolggi aoggg%n%iﬁ%l\lgt?%(&giga £ ngié f 2o

! up table and to said second look-up table, said predictive

coding circuit generating said single address.

2. An apparatus according to claim 1 wherein said
predictive coding circuit is configured to receive as input a
pixel component value, said input causing said predictive
coding unit to generate said single address.

3. An apparatus according to claim 2 wherein said
predictive coding circuit comprises a difference circuit,
said difference circuit configured to generate said single
address by difference said input pixel value and a predicted
pixel value.

4. An apparatus according to claim 4 further
comprising a third look-up table coupled to said difference
circuit, said third look-up indexed by said single address to
provide an inverse quantized code to said predictive coding
circuit.

5. An apparatus according to claim 1 further
comprising a packer circuit coupled to outputs of said first
look-up table and said second look-up table, said packer
circuit configured to arrange said size information and said
quantized code into a single data unit. ——
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table; said predictive coding circuit generating said single address; a
difference CI@E@I)’)D 76§ai d difference circuit configured to genepegrasssir7é

si ngl e addres P82 difference between an i nput pi xel conponent val ue and
a predicted pixel value; and a third | ook-up table coupled to said _
difference circuit, said third | ook-up indexed by said single address to
provide an inverse quantized code to said predictive coding circuit. 2.

An apparatus according to claim 1l wherein said predictive coding circuit is
configured to receive as input the input pixel conponent val ue, said input
causing said predictive coding unit to generate said single address.

3

An appar atus according tg._clal r L SLNg- A e 1q Sy
coupred to outputs.gf.sagﬁ %é%%%éﬁéﬁiéﬁﬁgEsgg?E?gngﬂ%g?dPsecoﬁﬁS#§%§¥%p
tabl%, said pa@K@ﬁl§F¥%%iQ°43ﬂﬁi%$§ﬁ§étt§°EPF%ﬁ&E9sﬁﬂwf4ﬁ9§erﬁ598ﬁﬁﬁtion and
sai Of quanti zed .gedfit né@ud@éa Y &adat nipit 1060-@PPHAlQ erdesOretBgety
claiim 1 wherein said pre

ctive codi n clrcult.co rsin an .,err.or recovery
Citeuit coupl eFiEEUE GORITHFIHR. FECeIUR ST ot N eRaR STt Zeg: £ode-

confiigured to receive said inverse quanti zed code. 5. An appar at us
accéording to claimg whereip_sai ror. I er i i d .
sunjration circuit, ?éid éﬁn Q%%%é%%%r%ﬁﬁq#agb Féuggégﬁoédgﬁggéfg%%ﬁg%rse

quanti zed code exirolr zepeveryeiyaudi cosprpersl acowporinn \cinguits, saidan

apz%a_t Us accorflini@tiBnCt 8 it CURHiloHrRE Rof 88ASELLA bi ARl LUl 1kegsai d
sufmation circuit_said register block configured_to hold output of said
suhmat i on ci rcfQde with a prewpus RFediGhsrePireh SPFREBAYS conprising: a
first look-up table configured to provide for each address a quantized
code; a second | ook-up table_configured to..proyi de.fo aj ch. addr ess
siize information of 8s’ai d “GuaRPrz Eg%o%%?oﬁd]fq}gr \séto ﬁrlgél{“c?i ?/ém@%ld?ln Sreuit
camuni cat i ng wedissardblockt coupledifa selid snumstidnsetoruiit gelki-dip tabl e,
sai d first predigline Cdbag cigeuhirs ¥ Ho1a 80cpder §85sd Q3 SRinkhaftliloH

| ook- up table and'sald second | ook-up table, said address a signal
responsive to #HX46r value for a pixel inits red color plane conmponent;
a second predictive coding circuit comrmunicating with said first |ook-up
tabl e and said

9, An image compression apparatus comprising:

a first look-up table configured to provide for each
address a quantized code;

a second look-up table configured to provide for said
} each address size information of said quantized code;

a first predictive coding circuit communicating with
said first look-up table and said second look-up table, said
first predictive coding circuit providing an address to said
first look-up table and said second look-up table, said

address a signal responsive to an error value for a pixel in
its red color plane component;

a second predictive coding circuit communicating with
said first look-up table and said second look-up table, said
first predictive coding circuit providing an address to said
first look-up table and said second look-up table, said
address a signal responsive to an error value for a pixel in
its greed color plane component; and
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econd | ook-up table, said first predictive coding circuit providing an
ddress to s&bq, Jobfs§t | 00k- up table and said second | ook-up PEFIESI8/AEN76l
ddress a signa P responsive to an error value for a pixel inits green

ol or plane conponent; and a third predictiyye coding circuit conmunicating
ith said first | ook-up table and said second | ook-up table, said first
redictive coding circuit providing an address to said first |ook- up table
nd said second | ook-up table, said address a signal responsive to an error
tal ye for a pixel in its blue color plane conponent; and a third | ook-up
tiabl'e confi gur ed te phmrdd@redn¢tmnﬁwnadqnancnzeulbo@hmMHnlaaﬂﬂmga@dméss
gaid inverse QUIptkzedyCo 9&5% AL WAGCLERE LECHE Yook yp e%plbmagsla
qonpre33|on app ara us accor to claim onprising a
§onf|gur ed tofs@rs@cpr@ﬁéc\m%rf:qmélgomﬁpatppéq%@;% E&—’bcﬁd‘?&e@lsr &gi 68ifs to

e utilized f%z@tgwsja-uﬁp@ébié) axd @allarag@cs@am@é}si\gg\ ,akega 9 . A
ystem for im conpr i si an inma e ression ciycuit configured-to
recei ve pi xel gHefit §1%1Fag TS rrgn ST OF | g c‘%’rﬁ) ?‘8&
Gircuit ach|eﬁk@gbduantolarlp&angutamp@nénng by utilizing | ook-up tabl es,
ncluding a look-up for an inverse quantized code utilized in error
ecovery; and an image memory unit coupled to said image conpression
ircuit to receive lfonpAss $889enEgERr¢3Rrt EPPAragus ACSOSEERT st oty & o

laim 11 Wﬂerea&h s MR IRu NPT Sas %n@llga%a 8905 §8b &k | SRYQHIRID I UNI TS
re disposed wthin an'image, capture devi cé. A system according to

| ai m 12 wher &h %&ﬂdpFﬁﬁbétb‘é%t‘iﬁ@-%\ﬁl€éuﬂ§sf oF EBu’B?l\"lbﬂtJozeél & er
ystem said i dhpaystensadafimigedtompréisspbayappatatwages, and
onfigured to provide data to said | ook-up tables.

Q. (0.0 0.0 0—1 —

11. A system for imaging comprising:

an image compression circuit configured to receive pixel
components of a captured image, said image compression
circuit achieving quantization and encoding by utilizing
look-up tables; and

an image memory unit coupled to said image compression
circuit to receive compressed images therefrom.

12. A system according to claim 11 wherein said image
compression circuit and said image memory unit ones are
disposed within an image capture device.

13. A system according to claim 12 wherein said image
capture device is for coupling to a computer system, said
computer system configured to display said images, and
configured to provide data to said look-up tables.
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