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1 An- Efficient Tabl e-Lookup Based Visually-Lossleus
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1. Field of the Invention " The invention relates generally to the
field of digital imaging and comput gr graphics. Mre specifically,
the invention relates to nethods for performng digital imge processing
and ‘conpr essi on. 2. Description of the Related Art In smal |,
portabl e devices such as digital still canmeras, inmage conpression

schemes shdmd Bfifieiens t Tablerkaobun hBased aydsuallye honsl cus
processing tine of Caphuger Weggggﬁs §§'hlénérai nt ai ni ng accept abl e
n

picture quality even after conpression a econpr essi on. \Wen storage
requi renents and processing time are reduced, the overall power
consunption of the ' | SOF! ofhiss € CrgvER VLSI (Very Large
Scal e Integration) chip performng the processing Is nore conpact .
The reduction of the bit rate for transm ssion " or storage of still

| mage and nptio 5180 of | ke STnvents d the process of capturing inmges
and thus, speed fhe downl oading of themto a PC (personal conputer) or

other nore conpl e FRAEREIRR Selatessgeneraklycko thecfpeldectind

conpr essi OraifitHl | IRGFing |dndl dSHPSHER graplefd®! asmépetransition to the
next image, .

€rgsl he next click of the canerg speedily.
| mage corrprﬁ%?’o#ﬁc%he‘?h%e}?%?%ho%yr%%r%° meg%%‘gﬁ £Qr VLSl chip or
by sof t war eperforming |@bgitakdimsge précédeing| amaycompresosshess’. Wth
| ossl ess conpression, the original inage prior to conpression can

2. Descri of the lated A

In small, portable devices such as digital still
cameras, image compression schemes should be suited to
reduce the storage requirements and processing time of
captured sensor images still maintaining acceptable
picture quality even after compression and
decompression. When storage requirements and processing
time are reduced, the overall power consumption of the
device is also reduced since the VLSI (Very Large 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 thus, speed
the downloading of them to a PC (personal computer) or
other more complex data processing systems. Quick
capture and compression of an image will allow such
cameras to transition to the next image, i.e., to the
next click of the camera speedily.

Image compression, whether performed by hardware
such as VLSI chip or by software, can be 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



be retrieved exactly when the conpressed inage is deconpr essed.
Consequent |y, | ossless techni ques, whose ' '

2 compicesyfione2z rati os depend greatly upon the entropy of PEIYUSS#LI439 do not
achi eve high conpression ratios and, since they preserve a high percentage
of original image information, are conpytationally expensive. By contrast,
| ossy conpression provides only an approxi mati on of the original inmage.
Thus, with | ossy conpression, greater conpression ratios can be achieved
but traditionally with | ower image ualit¥ conpared. to | ossl ess techni ques.
One such | oSoRraasiiciu&atiore Aepenco 9xeatiyeupen| theceatrgoy (af sencal | ed

Di gi tal Pul sgndgpie dddtatbHci vaPElh WolbrkBeWEni Pathesashd, Sig€ects the
value of a s ccessive i xel

hQy.linearly conmbining the ptoperties of already
processed ndifBbah & & figk, p@rrlcﬁf‘{ﬁ??epfi ?rggﬁpﬁ%dlﬁgg?he di ff erence
bet ween t he iatficynet] ionyagerepiconpuarat i 1dgr exppasdweg pBgdi cted pi xel . The
error pixel,_represente val Js u ' .and then binary
encoded. Tr ac(ﬁrfetlpro al’l y%odﬁsﬁé %ﬁn %e%sé??‘o#%ﬁggaggeﬁﬂggsgr med distinct from
t he encodi ngappstoxcimatsiats ab Wehpiridinali imelge .pr Fbwssi withi Loasyry.
Even with I%f&’@f Si é&‘é}?'&?npztél"si%o f apt.i i nd
encoding is often vef@?bé%%ﬂte,intensiven Thggiifg_ﬁgélgkbéeggg?ﬁgble to
reduce or elPW SRR ONRRaIMaES R 1AFY SFEBArRE ®Pthin a
smal | devi celsestess techidtds Caviel sUd Nossy WeithehigadyceeEBeredrcuitry

Cechn Gues. 58 15 AR TS BTaINE St Hint Saay EpodspiePelsty would al so
be desi r abl ecode MNMbdialaoisn WRP@I captelletkrnovagdrngihle tayt)s prpditast, such
as a digital @' Fhfue L8 egpé@é/c@sscﬂ;@rﬁ%%lo%fQQ%rly combining

the properties of already processed neighboring pixels.

An error pixel is defined as the difference between the

original image pixel and the corresponding predicted

pixel. The error pixel, represented as a color value,

is quantized and then binary encoded. Traditionally,

the quantization has been performed distinct from the

encoding, which lends to complexity in the processing

circuitry. -

Even with lossy compression schemes, the process of
quantization and encoding is often very compute
intensive. Thus, it would be desirable to reduce or
eliminate the computing of quantization and encoding
within a small device such as a digital camera. Doing
so would reduce the circuitry or chip area reqﬁired and
also, the power consumption.

With lossy techniques, as traditionally employed,
image quality suffers. It would also be desirable in
situations where captured image quality is important,
such as a digital camera, to employ a compression scheme
that is "wvisually-lossless". A "visually-lossless"
scheme would technically be lossy, but due to certain
properties would model the human wvisual éystem. To the
-naked eye, images compressed using a "visually-lossless"



that is "visually-1lossless". A "visually-lossless" scheme would technically
be | ossy, .but due to certain properties would nodel the human vi sual

system _To the naked eye, inmges conpressed using a "visu - ss"
3 schgr?eg%@zqzd appear approxinmately identical to the or?gilrﬁ"a 9’?‘3&83

The inpl enentati on of such conputationally intensive techniques demands
more VLS| circuitry than is suitable fo¥ digital caneras and portabl e,

smal | devices desiring i mage conpression. Thus, there is a need for a nore
efficient process to performtechni ques while conserving power. Al so, there

is a need tQcﬁéﬁéeh%ﬁlhnaﬁﬁeaﬂaébb¥oﬁ§m£Eeiﬁ'E&éﬁtiEaihéohHH@“ vi sual
system such that a_l gssy Image appears to the unai ded eye as "l ossl ess".

4 original M3GOMARY OF THE | NVENTI ON A nmet hod i s disclosed
having the step gheCofpilenefictabibABge SQBR' €68pabatabhgllpat nodel s a

e OSEeaH P £ 30038 AR L6 RAE.CELY ERZAL, oD 1o
suitable for digital cameras and portable, small devices
desiring image compression. Thus, there is a need for a
more efficient process to perform techniques while
conserving power. Also, there is a need to preserve
image quality as it relates to the human visual system

such that a lossy image appears to the unaided eye as
"lossless". '



whi ch appears visually-1ossless upon deconpression.

5 BRI EF DESCRI PTI ON OF THE DRAW NGS The objects, features
and ad of the nmethod and apparatus for the prese nwil
be appﬁ&gﬁﬁﬁﬁﬁbn1the foll ow ng description in which: g |gure‘?9|s a
fl omchart of one enbodi nent of the invention. Figure 2 is a detailed
fl ow di agram of conpiling an i mage confression table according to one
enbodi ment of the invention. Figure 3 is a flowhart of yet another
enbodj nent of the invention. Figure 4 |s a fl owchart of conputing

guantjzed error val ues accor dg YONOFe ThRe | nvention.

Figure 5 is an i mge conpreSS|on table wth sa | e val ues according to one
embodi ment of t e makRos isndisc osﬁﬂb@ﬁ€1G9'§h& 58P REIFEBPAMLBY one

embodi ment Hf iinaRyd 'Edﬁﬁﬁe%ﬁlon table that models a v1sually- 6

DETAI LED SCRI.PTI ON O THE | NVENT,I ON : .
ossless image compression scheme The image
compression table is utilized for compressing an image

which appears visually-lossless upon decompression.



Referring to the figures, exenplary enbodi nents of the invention wll now
be described. . The exenplary enbodi nents are provided to illustrate aspects
of they kPn and shoul d not be construed as Iinitingpkﬂgl pRoof the
inventW%§¥£¢hgpexenplary enbodi nents are prinmarily describe %??h reference
to block diagrans or flowharts. As to the flowharts, each block within
the flowcharts represents both a methof step and an apparatus el ement for
perform ng the method step. Dependi ng upon the inplenentation, the
correspondi ng apparatus el enent nmay be configured in hardware, software,
firmvare or conbi natg F hpES PTION Fogur eugk | fieachart of one
enbodi nent of the invention. In this enbodi nent, one stegbin attaining

a conpact and efFheidntestiygd aiias duch advansages- ednpheemgthag e of
quanti zed eridraprSuAfbE ales drdsintl idkentiont atial Benkppaeknpossi bl e
error val uegs, \M(}_g{e £ JS gfé# ned as the dif,f g'r.ence bet ween a predicted
pi xel (or éﬁ%?% f ?i%&ﬂ%ﬁg qqﬁ?%ﬁﬂﬁ%ﬁﬂ:%ﬁ*f * will be based on the
desired col or resiguteoh bé aafhowchert(dEésonebenbbdliment Bdir thech possible
error vdtn%nﬁgﬁgg&fsponding gquanti zed error value is cal cul ated by sone

S

data processing Systemsuch as _a conputer. As will be detailed bel ow, each
quanti zed error wR| ishavdebafhpefnBhovodiagran et coppiddagdi ng) code

equi val ent . ol higd EQRb Ik Soal A I WL RIHRE t3f on@f efbBidimkengncodi ng and
data conpression.” A single table of integrated original quantized error

val ues, an®PHuFPFeinE FYyui val ents and the like will be stored in table

formon the dat agpgeeessi g ayflewchart ongett Baothblre embollifeg® i | €d,
prior to aqé igﬁge.ca ture or conpression, the table is | oaded i nto RAM
(Random Acc®5s Hﬁ?géhEﬁ°$Kmﬂ(F@ad Only Menory) units within the camera
(step 120). Sincerigerer4¥ is a flowchart of computing quantized

error values according to one embodiment of the
invention.
Figure 5 is an image compression table with sample
values according to one embodiment of the invention.
Figure 6 is a system diagram of one embodiment of
the invention. |



7 | nexpensi ve and power-preserving conpared to logic/arithnetic
circuitry, pre-conpiling such a table offers significant cost. and-design

advant ages. Once the table is | oaded into the caner I mage
conpr e ¥ PP%hene represented by that table, the table %ggﬁﬁ%%@ﬂﬁ%
re-conpiled or reloaded. As shown in Figure 3, if the inmage conpression
schene changes, the table can be re-cofpiled and | oaded to replace or
append the prior table. According to step 130, images that are captured by
t he | ens-sensor system of the camera can be conpressed on-the-fly using a

| ook-up table approagggaﬁﬁawﬁmﬂé g?%s aFe m%ﬁ:@ G and B
(Red, Green and Bl ue) col'or planes, an e procedure of predictive coding
is applied to ekZgfarping &¢ phecifignrese rRxewplawy Bmpprdimsnsengft aneously.

Wien the i mage jinGRTRIELAIN TR Wk deded itReN! easedexkip1aeyt | mage may be
simlarly processed, w thout any. reloa re-conpile of the table. Either

| oad _qr
one by one,eRRCYRERES FEe DFOVASHs @sé&%%éé‘errﬁﬁpﬁﬁéﬁ BE §B&nl oaded to a
dat a pr ocesigivgh tifore GHA lsHouHyS it Wel CJongdirued hier Middednpr eRei on of the

i mage(s) (step 140). .UtiJizi the "yisually-l ossl ess”,. rgach _descri bed
bel ow, the ¥% t% tuﬁﬁd’é"%ﬁ °I%fppg§’re te5cef%§‘a§9(e %@°§1§‘§§ngsi”?ect
r econst r uctpwimaxfihadesmtilrest] witdy ecefArendearicadd ock diagmemsodul ogy of

tabl e | ook-%‘,ﬁ%{%ﬁsi ok i i Sﬂ%’%‘e"@%%ﬁ AR q,q_thgﬁg@_hgan be

conpr essed, Wi ng the canera to y to capture the next image.

A further dflewehats sreprasenes katdns aehhod shax @des and inverse
quanti zes tLyRpFd s "Bl dndite FRPIYEEbrIBREe tHeAetnwd e epchi eved using the

sane table | oaded, to the canera. %ese details, as well as the

vi sual | y- | REPLRIIRG g Hk® AP IRREHT AP el COTTeSPENGIRg 2 is a
det ai | ed f|appahaigusne Démgrite-may dpidonBianrddrdge headwaaesi on tabl e
according to, P0G, r §MPA RN e Ur L OGHINAN LY thereot .
Figure 1 is a flowchart of one embodiment of the
invention.
In this embodiment, one step in éttaining a compact
and efficient image compression is to pre-compile a
table of quantized error values and codes (step 110).
The total number of possible error values, where error
is defined as the difference between a predicted pixel
(or average of pixels) and the current pixel, will be
based on the desired color resolution of each pixel
(described below). For each possible error value, a
corresponding quantized error value is calculated by
some data processing system such as a computer. As will
be detailed below, each quantized error value will have
a Huffman (or other entropy encoding) code equivalent.
Huffman coding is well-known in the art of digital
encoding and data compression. A single table of
integrated original quantized error values, and Huffman
code equivalents and the like will be stored in table
form on the data processing system.
Once the table is pre-compiled, prior to any image
capture or compression, the table is loaded into RAM
(Random Access Memory) or ROM (Read Only Memory) units
within the camera (step 120). Since memory is



8 The first step in pre-conpiling an inmage conpression table is to
conpute.a quantized error value for each designated error value. An inage

pi xel can be split into R, G and B pl ane conponents and, ' at N
bits | VUPYPY9%d for each color plane, then the pixel in ?§?§F$Qﬂﬁ%% be

defined in 3*N bits. Predictive coding schenes operate on each col or plane
i ndependent |y and sinul taneously. Thus,? the error, which is the difference
bet ween a predicted pixel conponent and the original pixel conponent, would
range from-(2[err]-1) to 2[err]- 1 yielding a total nunber of possible

error val ug 2l i sde land BoweAiBtEsedy 2dg bbbmsatea £gage woul d consi st of
pi xel s t hat ha}_\c/%S-bit F?,cgsopnents, eé- b]?ltng Crgﬁ pnents and 8-bit B

conponent s.13HC AEHEIISELC Rty (PESTONERPL 109 t SWFR e (eaPI_ 0-255 =
5555, Mhi|EbffétSﬂ%?gniﬁf&&ntSc&éﬁ-&%& aééﬁg@ia?ﬁgnaagﬁéai OL ZEerr]illz
error values. Accarding to ste o, r each_of _.the 2[err]-
error val ues, a.%ﬁ%ﬁtggidt%?$%rl%af%%&$§ %%f%u?%geﬁ. ?ﬁ%'qﬁ%ﬁt?géd error
val ue, accainkgeg tomphessicuastienesseépresenhedebyr thatetabheyatheus
erbodl Ment sefb1d FeldVA8E 100, rLoksRpl 18a! OE M8l odaBal X AG Ehouhers v 1 S the
X error . thet an

quanti zed error, e origina and reshol d, a" the
entropy enchlgwyef dct 85 §BE JERIS SANBRETERrEcheme phangadn thsual
perception gx81&MNt4hEBROREEcOhpl DedhEABN1888EEALoSYEPRALEOO¥I §PBEnANPUt and
its interpretatiopn by tgg hunman braLn . _Further g ta,ls of the quantization
conput at i ontBPPHLSEr FBRLChel BRFRFEAREcEReBFSPo 2P gurBages thatrarehove

exanpl e i s eapeupedfbpr eeclene-sedsog whtstbmcafi bheosamera can be

[ ti-di ' | i di-¢t.i on. _A - di ' | | d k
redi cted: pERBPeesRRgeRr ERERE Tk, Bine A" ToBkr B, RRRE, FRHE S Rer °°
conponent, Bhecbapsurkd pixelscanponenposRAGPE) Rof Gt handaBe (Red, but the
previ ous CogUEBAi BnlNB1LERIEO16 !t WRanes, and the procedure of

predictive coding is applied to each captured pixel in
the R, G, and B planes simultaneously.

When the image is completely captured and
compressed, the next image may be similarly processed,
without any reload or re-compile of the table. Either
one by one, or in groups, the compressed images may then
be downloaded to a data processing or computer system
which can perform decompression of the image(s) (step
140). Utilizing the "visually-lossless" approach
described below, the resultant image will appear to the
eye as a near perfect reconstruction of the captured
image. An advantage to the methodology of table look-up
compression is the speed at which a captured image can
be compressed, thus allowing the camera to be ready to
capture the next image. A further advantage is that the
decompression, which decodes and inverse quantizes to
approximate the captured image, can also be achieved
using the same table loaded to the camera. These
details, as well as the visually-lossless algorithm, are
described below.

Figure 2 is a detailed flow diagram of pre-
compiling an image compression table according to one
embodiment of the invention.



9 dinensional predictive coding scheme will first take, for instance, the
predi cted "North" pixel conponent nei ghbor and the "Wst" nei ghbor: and

aver age together. This average of previous predi | °
corrponerl\{cgs\%/ésot en subtracted fromthe-current original |%§@sg%/§1e to

obtain the error value. To mnimze the propagation of errors due to
quanti zation of these error values, a f®edback recovery nay be applied to
"recover" by inverse quantization and approximation of the error. This
approxi mati on obtai ned by inverse quantization can be sunmed with the

predicted pixel aepdiest ceepayer pge)ch usﬂgeanthaag‘éroa, at |east | nt
part. eferring still . to.Figure 2 e_next _step.in the process is to
classify thg LE%%% 760 gF%%F §§Iggsc HPBEQ ﬁig??ﬂE}zgﬁte¥ﬁ°¥ﬂ¥é%%S (step
220). The nifithereagh desdigueted erdepemdlupon hmnt imade plibﬁéIEI‘c]:dﬂ lhéftsé )
required to e gJUanti.ge u t o] , the
th(r:]eshol di rﬁlﬁgdgiﬁr%t iR(z;‘eg %ﬁlraqrg ?gr%%l%l é%@?ﬁ%ﬁ‘?%ﬁ%@m%ﬁﬁ%’ﬁ is utilized
in this enbddidtedt Rits: ie whidieednfos panbrealdy blane scthamushet he

decodi ng of pifInaky terdadwalluees deeTRERALLOPM| 1 COND! BXa i MCR LI t Wi se
processing is ecess%r¥.elsH0\/\/ever, by classifying the quantized error

val ues, the & Ny hEPGEREFa P8 S85HeGBT 8T cBlnal tdepandpntlyy
sinplified atd edanplltanevusioui datusel ehe Akt6f, Chiabshf ¥& Nend he quanti zed

crror val ue LAESTHRE bl RRedi AT BET! ButRanshe TH Bt cd by a
pair of bi Inamigiaialewi()ddﬂ.lvppmt!ﬂ weull Berahfé nﬁﬁqxﬁogezmil jt m%alellj:sisna?ﬂal\/l
i ass. The al iR nde g, CarBier 85 pebathiy St EheElif et of bits
"HW' repr eHtsl ¢ heFpr efxampladeword-bis wiolbrbémagewmouldli Sonsist

of pixels that have 8-bit R components, 8-bit G

components and 8-bit B components. For each pixel

component, the lower limit of error is 0-255 = -255,

while the upper limit is 255-0 = 255, giving a total of

28+1-]1 = 511 error values. According to step 210, tHen,

e

for each of the 2¥1-1 error values, a quantized error
value is calculated. The quantized error value,
according to the visually-lossless scheme proposed in
various embodiments of the invention, takes the form of
Y = (x-C)2+C, ‘where y is the quantized error, x the
original error and C, the threshold, and "a" the entropy
encoding factor derived from the reéponse of the human
visual percéption system (response of the human optical
system to visual input and its interpretation by the

human brain). Further details of the quantization
computation are described below with respect to
Figure 4. '

The above example is a form of predictive coding
which can be one or multi-dimensional in its prediction.
A one-dimensional would take as a predicted pixel
component, the predicted "West" neighboring pixel
component, which is the pixel component (R,G,B) of the

same row, but the previous column in the image. A two-



prefi x Codeword greatly sinplifies the decoding process. Once the Codeword
equi val ent is generated for 10 each

quant i Wga;ﬁéfg%val ue, the integrated quantized error valp®eguasghilide r

correspon deword equivalents are stored into the i mage conpression
table (step 240). Further, the next step is to store, for each Codeword
equi val ent, the bit length of the Codeford equival ent (step 250). The
Codeword equi val ent generated by the (HLM pair is a variable |l ength prefix
code. .The Codeword equivalent is stored into a table as a deci mal val ue,

e.g., .if theikeadawial apediaitdnes qufdiuwahierze didl @ireal wake?,, 25, 100
are 0, 101 111010, th are st.ored i, he t.abl.e jn_a _byte as a deci nal
value 0 2Eomgngtaed, the Freidiin  Rokerl R L APWRRERE 0% 23 “and
58 are act umighlsdworantl ithei"grasti reighhicss jareb a3G0BRE0GHheOOBE0111,
00111010, r Lvel I é}%% Ide 1 LaQHY 'ﬁ%&% dewor d

equi val ent tgéé){‘?&%ﬁvlm sgfhﬁlai/bt e %)a&sﬁt %C%{J’tggi% 00 f(c)%dlggﬁtfqgj gni ficant
for the Codeempenenrfts i dhepSulierasiied tirom dhe eusnentoPEERRNO | s

si gni fi cantifhfke thBc D deNIEELH M Gttr 8 vdRIKE, TY hgdidilz<Ladawor d

equi valents are stored optinall egls the sane .nunber o

f lgﬁ s, length
i nf or mat | orPTPYRFIH o T&F g W FRRTFRENRG o ef%eng?#%de from
t he menory $yless pfat bHeedisnde upedabd ey nidhe hearapdlliced eyt tr&domiexnor d

canpr ossed PY| nPErE CHirA o A Sphon R B S B G or val ves
are 99, 25,Ths @ppooxdpaigionsobidined Hey cutyrise criwn tirzatiiicn Igan 10110, O,
0, 10101, OpeOgurrtdOR: ch 1idd lord@EYe &4 S RACK Slhidb ittt (J¥ t bytes as
average) to recover the error, at least in part.
Referring still to Figure 2, the next step in the
process is to classify the quantized error values into a
distinct set of classes (step 220). The number of
classes will depend upon both .the number of bits _
required to encode the quantized error value and upon
the value of C, the threshold in the quantized error
formula. Binary encoding which is utilized in this
embodiment of the invention is inherently bitwise.
Thus, the decoding of a binary coded value is
computationally complex since bitwise processing is
necessary. However, by classifying the quantized error
values, the decoding of the generated Codeword
equivalent is greatly simplified. An example is
provided below. After classifying the quantized error
values, a Codeword equivalent can be generated for each
quantized error value (step 230). Each quantized error
value can be represented by a pair of binary values
(H,M), where H is the Huffman code of the class and M is
the one's complement representation of the quantized
error value in that class. The pair (H,M) when
concatenated together as the sequence of bits "HM"
represents the prefix Codeword. As will be shown, this
prefix Codeword greatly simplifies the decoding
process, Once the Codeword equivalent is generated for



byt byt e byt e byt e el 2 3
4 111 1100 0100 0011 . '01110

0101 wo odrbete: 1011 pcT/UsIeh 1439200
output to the conpressed file. Hence, the length information is needed to

prepare the output bytes such that the¥ be "unpacked" correctly upon
deconpr essi on. The i nage conpress ®n tabl e(s) can contain an index of
guanti zed error values and for each quantized error val ue, the Codeword
equi val ent and the |l ength of the Codeword equivalent. The sane table can be
utilized fosach | qidetioedremntamnesalddusthd himtengeabpieasizud t abl e at

t has 2 th 110 f
b ts 1 eachridt o RS Gl UREL e A SRS | hage. The
procedur e oégpivalembps|arg stereduirte i dosiam compression draylae
perfor”Ed OWEEeﬁ”ﬁwﬁ“ beu ARkt 0RO AL é?t%;?rl&'@é‘est‘!&féo%ofmd' fication.

Thus, the R, G and onpressi on processes, can share sl ng | mage
corrpr essi oneRegh)| godeword-ma@q.mb%n\go rpie kit nl?%tﬂé °%yﬂi%[ﬁ:%‘3ﬁ'm’7¢lg
Codewor d ququﬁbgnéﬁtfpgtqpamsoyed error val ues, |ntegrates t he

tizati d The tabl t t
SRR S R R et D R e e
as an mdex:.'soathariable len@ob epoe fiix goodal enrhem:iewdﬁm st eps
archi tectur g.0f ,3¢RALate BEDALY £REEU NCalfo Sds M NBEMha) va1fdOUTe 3 i 2

flowchart o anot her I nvention SIngIe I mage
conpreSS|onetabbelfeﬁhes@ﬂ@gweréaﬁqutmahﬁntﬁngﬁ warantized cerprressi on

ratio. Test{B9ues 2, 25, 100 are 0, 10111, 111010, they are stored
into the table in a byte as a decimal value 0, 23, 58,
respectively. Though the Codeword equivalents 0, 23,
and 58 are actually stored in eight bits (bytes) as
00000000, 00010111, 00111010, respectively, only one bit
is significant for the Codeword equivalent 0. Likewise,
only the last 5 bits of 00010111 are significant for the
Codeword equivalent 23 and only the last 6 bits of -
00111010 is significant for the Codeword eguivalent 58.
Hence, since all Codeword equivalents are stored
optimaily as the same number of bits, length information
is desired to be able to extract the variable length
code from the memory bytes of the look-up table. The
variable-length Codeword equivalents are packed together
in eight-bit bytes and output to the compressed file.
For example, let us assume that the quantized error
values are 99, 25, -2, 0, 9, 0, 0, 55, 100, the output
codes are 111011, 10110, O, 0, 10101, O, 0, 111000,
111011. They are packed in eight-bit bytes as

byt byte byte byte

el 2 3 4
111 1100 0100 0011
01110 0101 1110 1011




and experinmentation have shown that for the quantized error formula y =

(x-Ca+C, a value of "a" = 0.45 derived from human vi sual system response
gi ves %§§§hk‘nﬁ visual | y-1 ossl ess properties. Such visualddpubfpgkfss i mge
conpres s excellent for still images since it represents "perception”

of the human brain of received visual stinulus such as col or  and shape. The
t hreshol d value, C, has al so be found through testing to

12 - be good at a value of 3. The rigors of the formula are descri bed
below. If a different |evel of conpression is desired, the |evel of

"visual -1 osgh@ssfiepat EBYLRE E&MYEESsSNdEiTe. | MRS OIS IRyt ati o
i ncr eased. e, human V|s§gé gerceptlon stem upqon whi ch vari ous

. Th
enmbodi ment s1BEOFRELLAReRE| BRS A SRECPRER F e LHPYHPYRAS SHCRyst em

(l'ens, cornehatethey Be WehbabkedMechbfpédt By dapsr e Songrsd sfforivhi ch

I nterpret what &?ﬁ exe gathers fron1it€a$frhgyndin S, ghe eye a hunan
optical system w £ 1ha¥&1“BIPFEPPLREe % SNSRI AP set  of
i mage dat a ofichubnkézadcereoa baluéarahdsfodi sacketquanthiczdsd aarromt erprets

what the eyg_igcapt Sy I S taf i | ﬂﬁﬁ; | Se " n" by
humans. ThegFﬁﬁghegésoF??%go%ﬁaég?ﬂggggéFy?ﬁ%ﬁgh%3}or R%sp ution depends on
t he di scer nFpdewpydoraupwapsnt . of Theasangrtrlelei erp e uttikizedi for Thus, if

the human ewgjcaReOBby ot plhAaYL Shinhe! exeDh&ye ledOrddi GOlSTe for the
pur poses of presenting it fo a human an inmage printed or displayed with
more col or s &tsmests Basodt -l kadexes exr pdfrestrsr wheEeNteristics of the

human vi sualrepReeRRitisORheY aufPesUel BS:8dU8 84K CELDHr C@dmpdrerttnder st ood,
be used to sinmplify the_ i mge conpression schene for an application such as
a digital céﬁggaﬁ) of the Pﬁ§e§?gRPaFﬁ8aﬁE?§9rnsT%ﬁd%¥°??éﬁ%% ing of the
pre-compiling the image compression table need only be
performed once and can be applied to each color plane
without modification. Thus, the R, G and B compression
processes can share a single image compression table.
The image compression table, by representing
Codeword equivalents for quantized error wvalues,
integrates the quantization and binary encoding process.
The table integrates quantization and binary encoding by
providing, for each quantized error code submitted as an
index to the table, a Codeword equivalent. Thus, the
steps architecture of separate binary encoding is
eliminated.
Figure 3 is a flowchart of yet another embodiment
of the invention.
A single image compression table represents a
particular image quality or compression ratio. Testing
and experimentation have shown that for the quantized
error formula vy = (x-C)2+C, a value of "a" = (.45
derived from human visual system response gives
excellent visually-lossless properties. Such visually-
lossless image compiession is excellent for still images
since it represents "perception" of the human brain of
received visual stimulus such as color and shape. The
threshold value, C, has also be found through testing to



human vi sual perception systemw || produce the "visually-1ossless" result
referred to in various enbodi nents of the invention. The forfula for

quant i g8 édpfprés = (x-Ca+C with an "a" of 0.45 and "C' of pgraisesaiss nodel s
t he human vi sual perception systemto still inmages. The error is tolerable
and virtually indistinguishable to the :{]aked eye if those paraneters are
utilized. Though the invention in varibus enbodi nent s contenpl ates the use
of 1 ook-up tables so that the quantization is pre-conputed and conpil ed,
one skilled in the art would readily be able to adopt the human vi sual

per cepti on bmdgmadh@ther siailueo of Bon- Mok nigors of the formula are

13 table hasedappioach WAY & GIIELARN ALe) GOMRMESIALs LYl | Y. One

such appro may_inc war e conpressi on ere a uter programed
appl i cat i ofiesdxsfiesha dewaly afos'sriapalcdqpdansness’| mpybe (x- Qa+C or a
variation thengda aMd Rine e Bitife SYAIE P ARrRire@adq st ored i mage or

upon images that _are streamed to the app)ication. D ff.erent inmage
conpr essi on rat i g Fis93s RETGeRel Qb SHSHPR o VR types of
appl i cati ongarisud ambodimentshict tdiee ireentiion kare Magiedy esisdmtzan sel ect

The. caner o Phedrh o Ry S D s et TP R iy g |evel
(step 310) . thexdraimeardinesara.s)sys esns hehienoimterputts whaterthe mage
cor T capond She tEHary) it RS nr gt il0”, PSR 2 MR, o0 a20).
| f the correapberil nys e eidbhprkased rn agfelerfed edight, t9end thee data
processi ng eyet15ra1:0a8lSsdth & £ Ofrhifed Wt &) G @D | Bi k10 deiereaB@/f4¥87i ng
fyr;;gm (Step 3304;sdfell A HSI AL NE SIROALIENL I & llan One different
"captures" and this interpretation is what is "seen" by
humans. The fineness of the image, clarity, and color
resolution depends on the discernibility of the part of
brain processing visual stimuli. Thus, if the human eye
can only distinguish, for example, 1,000,000 colors, for
the purposes of presenting it to a human an image
printed or displayed with more colors is extraneous.
Likewise, certain other characteristics of the human
visual perception system such as edge detection can, if
understood, be used to simplify the image compression
scheme for an application such as a digital camera.

In the digital camera instance, the modeling of the
human visual perception system will produce the
"visually-lossless" result referred to in various
embodiments of the invention. The formula for
quantization ¥y = (x-C)2+C with an "a" of 0.45 and "C" of
3 closely models the human visual perception system to
still images. The error is tolerable and virtually
indistinguishable to the naked eye if those parameters
are utilized. Though the invention in various
embodiments contemplates the use of look-up tables so
that the quantization is pre-computed and compiled, one
skilled in the art would readily be able to adopt the
human wvisual perception modeling herein to a non-look-up



conpression table may be stored in the cameral/imaging system but in snal
digital .caneras, a single optimal table at any given tinme is adequate and

| east Weédsgohye. | f the caneral/imaging systemwere to havopissdshphs tabl e
capability, then the imagi ng systemnmay as well be queried for already

containing the proper table. I f no correspondi ng i mage conpression
tabl e exists, the next step is to set gamm, "a", and a threshold C for
t he quantized error value formula y = (x-C a+C (step 330). The ganma and
threshold values will vary from conpressi on schene to conpression schene,
but can be tiaddd Ibpsted)talmmc&n bédhemenidusiritd Zat ioas 4 sa comipudied Sahene

(conmpr essi g 0/ ARld Skl SASHL 80 mdfP MR SHFRRL (N eshol d

corresponding to the 14
schenme, thEoFPEesSRION | Véietr@ GoeinD teth @ danegmesh mprddsiadriomabl e usi ng
those val ugescdcaitas %a@uaﬂ@mmésé%&&pré},%ﬂ&?% iGRTRY es§Lon tabl e has

been described with respect to Figure 2. Once the irnage conpression i s
| ocat ed or G load 2 varisghoa theneefod withdnt thec soppatest eyssen) . After

the tabl e ich l8AdEd-dadiyp §d&&?rﬁfa9ge | JRGGH B £ AHYeS3Rd on the camera

(step 350). These jmages will have a qual ity/ conpression ratio comensurate
with the s&lt&aaRENFA | CHREeALinm - Alternatlvely t he sel ection of

qual i ty/ conpr es Diffardrito g & chipretfic ritivRtHnRIdualitildie data

processing tem of i.na SY. base on the s |f|c appllcatlon whi ch
will use tﬁ"elﬁﬁrr%gee c{eSlre%Fr%{ﬁ éislllte pgdrﬁﬁft BF -qudit i zed

error val ueﬁaca:dc:ld:rahmg:hxs,ortmeamm rmhtth:é M&gnngvesytsm can Assum ng

that the @R oRRthd MA Pubdedd fud Syt U5 SHEASInd gfiel | ovi ng

nethodology 'S use
is pre-compiled or from the camera/imaging system the

desired quality and/or compression level (step 310).
Next, the software queries the memory or disk where
image compression tables may be stored if the image
compression table corresponding to the desired R
quality/compression level exists (step 320). If the
corresponding image compression-table does exist, then
the data processing system loads the corresponding table
into the camera/imaging system (step 340). 1In an
alternative embodiment, more than one different image
compression table may be stored in the camera/imaging
system, but in small digital cameras, a single optimal
table at any given time is adequate and least intrusive.
If the camera/imaging system were to have multiple table
capability, then the imaging system may as well be
gueried for already containing the proper table.

If no corresponding image compression table exists,
the next step is to set a gamma, "a", and a threshold C
for the quantized error value formula y = (x-C)24C (step
330). The gamma and threshold values will vary from
compression scheme to compression scheme, but can be
readily tabulated to be available in case a certain
scheme (compression ratio/quality) is desired. Using
the gamma and threshold corresponding to the desired



corrpute gquanti zed error values. The appropriate formof the basic equation
(x-C) a+C depends upon the range of x, the error value. If*x is'greater

than C g&l}géz&ﬁgzat step 410), then the formy = (x-C)[ err perivsesmmsd ed. To

apply thIS orm the first step is to calculate the internedi ate val ue
I[err] (x-C) (step 412). Next, I[err], is raised to the power of a to
yield I[err] (step 414). Fi naIIy, t he v%ﬂ‘ue of Cis added to the val ue
I[err] to arrive at Y1 which will be a positive quantized error value (step

416). Only the integer portion of the quantized error value y is stored,
and t hus, thgcnahue yheSné:etb@tépsLttEat@cbc(mﬂm 4] fewprimeget 0 t abl e

i nsertion. ater.th ess equah fo C
(checked at 5?’88r§§6}°nt Fi%ﬁfﬁ ?ilﬁl%a‘g}é%% b&%)ldez%r(oé%gl :"zc'){s)AITZZ)aIlh

15 | f tbmpiling ofll thef ihdge bedmpress (whdele fasstgem30), then the
next step is { error value (step 432).

Then, the |n érgﬁ% F’%’Fe%ﬁzgﬁ%%ﬁ/a%d;eﬁ:%% gzted by subtracting C fromthe
absol ute val ue of Onge Eheoimage eofmYessiam)is Nogated &% |c9Pilad&ed to the
power a, to yhal éaﬂﬁe( itsemoéaéa 1nEJ§X£heté&né@é ugstep 340ided Afte¥?2 to form
Jlerr] (step 438%%)5 % aa he error_value,is a. ne a#{ve nunber, the
quanti zed er F5# g %ﬁo Pacs sang Lhe GaetR: FRISS & %ved by
negating J3 eah@aeééan ohhehe gqamatrazeé¢dteprdBoyal Ubisese eimagds aeidl o
conpress an [ r f F re 5is
an i mage con‘t‘?@%m o#“fagﬁ'l ‘?3% ggégf?g %g{:ﬁ(gsc%%g%ﬂrl%? OW1otnhe enbodi nent
of the inventsiedected quﬁﬁatwdbbmpahssngure Blhasnabipedyvarhes for 8-bit
color plane yahuesgs gg&t@/éeﬁpr&s%ﬁnéa&ol P Osedh Rlq &ibi t's

will yield anlnageo\%n ressed wt i xel s of 4b|t col or
resol ution. awgqmgﬁigally by the data proces51ng system or imaging

system based on the specific application which will use
the image.

Figure 4 is a flowchart of computing quantized
error values according to one embodiment of the
invention. . :

Assuming that the gamma "a" and threshold C are
already determined, the following methodology is used to
compute quantized error values. The appropriate form of
the basic equation vy = (x-C)2+C depends upon the range
of x, the error value. If x is greater than C (checked
at step 410), then the form v = (x-C)2+C is applied. To
apply this form, the first step is to calculate the
intermediate value I = (x-C) (step 412). Next, I, is
raised to the power of a to yield I, (step 414).
Finally, the value of C is added to the value I; to
arrive at Y1 which will be a positive quantized error
value (step 416). Only the integer portion of the
quantized error value y is stored, and thus, the value y
is to be truncated (step 418) prior to table insertion.

If x is greater than -C but less then or egual to C

(checked at step 420), then y is judged to be zero (step
422).



conpression table of Figure 5 is equally applicable to all three col or

pl anes, since all three planes have the sane range of possible error

val u_es.‘é@sg %(3; ribed above, the possible error values bet\peefsasaiasel and a
pr edi ct 3lxe will be -255 to +255 for each plane assum ng 8-bit col or

pl anes. The table of Figure 5 shows 28 of the possible 511 error val ues as
t hey woul d be quantized. One enbodi mentof the I nvention cal cul ates the
guanti zed error value using the expression vy (x-Ca+C, where x is the
error value (colum 1 of Figure 5) and y, the quantized error val ue
(truncated, coI unm Ehef eErgnreaﬁu)le fatlgubslowedCecheckaluas shepn in
Figure 5 cor g 0] 4 n S C of 3. As
Figure 5 sh gggﬁprFné s@e g%o?8g%agF EF%U%EQQEHEE t}gh'ﬂeo 45 and C
= 3, 511 erbﬁrthalae:omavelbeeNSCeppéaﬂéd i Thenonkhe2ingeumedisteval ues.
Though t hes RO 1cul ubt Cf &6t gﬁggﬁ gglate to
only one R %Egh 1p%§efa ?%t%?%%l%¥i%n ”%3c ln%sed %% co I ne ne?gﬁboring
pi xel s i nt ovalliegodr theuerras 2&1bbt(ptﬁ9l434ésoluﬁxbm Joegye. raisedOnce t he

guanti zed error,values shown in.c C iled, then
cl assi fi cat i6n BE PRYEE Par t0ali& q gn ﬁ%g égggéd g ﬁﬁ%sﬂ%ﬁﬁe
det erm nes TdHisclaaifede it@ald, 0BobYoiment | (syﬂ:é};g 43%) nurbiialfy cletses. In this

case, Cis 3, so the nunber .of classes is 3._The first class, class 0, are
the error vahfe&rnen Valaedsndenegetivg aurber ,the guapktsed -3 and 3.
Al these erdr@ow ddlefe ahdEMeIGo By @Qn@@ﬁt&&fehOdQﬁﬂ@y ief abhguredt, to

e mum oY MAER G, Y, Je5PBr 43BEa | SReRcomeSPRiZaAsPEreY HAMNEFzed
error val uesaRetunean Zeditb Eoiiptests aitd imhgel by RONprelsadsng dhss 4,
consists of ég¥%r of the image.

Figure 5 is an image compression table with sample
values according to one embodiment of the invention.

The table of Figure 5 has sample values for 8-bit
color plane values. Each color plane, R, G and B, if
composed of 8 bits will yield an image when deéompressed
with pixels of 24-bit color resolution. The image
compression table of Figure 5 is equally applicable to
all three color planes, since all three planes have the
same range of possible error wvalues. As described
above, the possible error values between a pixel and a
predicted pixel will be -255 to +255 for each plane
assuming 8—bit.color planes. The table of Figure 5
shdws 28 of the possible 511 error values as they would
be quantized. One embodiment of the invention

calculates the quantized error value using the

expression y = (x-C)2+C, where x is the error value
(column 1 of Figure 5) and y, the quantized error value
(truncated, column 2 of Figure 5). The quantized error
values shown in Figure 5 correspond to a gamma "a®"
value of 0.45 and a threshold C of 3. As Figure 5
shows, by applying the methodology of Figure 4 with a
0.45 and C = 3, 511 error values have been compacted
into only 25 quantized values. Though these error



-quanti zed error values between 8 and 15 and -8 and -15 which require four
bits to encode. Once classification is achieved for the'quantized
error wabuwee76z hen t he Codeword can be constructed. The CuiAgssdl&qui val ent
for each quantized error value takes the form"HM where His the Huffnman
code of the class to which the quantizgg error value belongs and Mis the
bi nary representation of the quantized error value. Negative quantized
error values take on Mval ues of the binary conplenment of the unsigned
nunber in its binary form The Huf fman code of the _class and_Mare

concat enat XRYLS FRatR ORI PreyRv 8 Oft B Rixeln dAftezpadatdomn error

val ue of 3311155&33@ e fbr i &g xangC PIke1ed (Wt aaHighergnd C=3)

of 7. A quantlzeduzlror val uel of 7%% to class 3. The Huf f man code of

"3" s "10"SUHY IR T PIHPL FHRS MHf-nary formis 111 in three

bits, and thus, Obcas ﬂhd.qt&mtsi,z&&eﬂnbml&e@thmteﬁm folummgant i zed

error val ue,plpfahse SMr0r cifdtdeal Nenkd beastELbaditr ¥ hdext 1o the
alue o ) an

guanti zed error 17
second exanpreor ayabiesrcam e rerfopmedas The dhrespedd & quanti zed error

val ue of -Ildetermined Ot UsldLkf A ¥bn B fidunt itRE did Rdbayode of

"4") is 11 (binary). Mis the conplenent of the unsigned deci mal nunber 11
whi ch is "02Boctadses: 1R BHREAPL eduidtentSq $he RS ©F a quanti zed

error val uecDissedlis 3. The fiist igraber rdllasslole it G
oau Vel onL 585 Cobl KGR SE SBLLES, 195 ald 0055 e e gl ot oy vl ves
equi val ent shduBd ahld these ozxxbr waluks daryssgondy ofsitite tEetewor d
equi val ent sp i pp8a84b5GPLE FabAral BUCtY SRahth ZeHYGANY LR r@psport .
0. The second class, class 3 is so named because a
maximum of three bits are preferred to encode the
unsigned quantized error values between 4 and 7 and.-4
and -7. The next class, class 4, consists of the
quantized error values between 8 and 15 and -8 and -15
which require four bits to encode.
Once classification is achieved for the quantized
error values, then the Codeword can be constructed. The
Codeword equivalent for each quantized error value takes
the form "HM" where H is the Huffman code of the class
to which the quantized error value belongs and M is the
binary representation of the quantized error value.
Negative quantized erxor values take on M values of the
binary complement of the unsigned number in its binary
. form. The Huffman code of the class and M are
concatenated to form the Codeword equivalent. As a
first example, an error value of 31 has a quantized
error value (as computed with a=0.45 and C=3) of 7. A
quantized error value of 7 belongs to class 3. The
Huffman code of "3" is "10" and thus, H is 10. The
value 7 in binary form is 111 in three bits, and thus, M
is 111. fThus, the Codeword equivalent for a quantized
error value of 7 is "HM" or 10111l. The value "10111" is
stored next to the quantized error value of 7. As an



The Codeword equivalents represent an integration of the traditional
di stinct .processes of quantization and encodi ng. Additionally, the

| mage coNpBeAricen table can also store the inverse of the geERkdshRRseer I OF
val ues. Wen the image is being recovered or deconposed, the inverse

guanti zed error values are utilized. Th§7inverse gquanti zed error values are
cal cul ated by using the fornmula Xerr] = (y-Cferr]C, where y is the

guanti zed error value and X[err] is the inverse quantized error val ue.
Though .the inverse values only approxinmate the original error values prior
to quanti zat$esened. exampls, ian qrrel Asdwes of5 ~1d9d hasver sed as 253), this
is quite adqﬁgg ' - I&ﬁ& [ 0N 451 NCg _LKe error

i nt ?oduced IS 1 &éﬁ%ﬁ%@#%@hum#%ﬁ%ﬁrgéﬁt [ ontlts]'yst em

Figure 6 i s ReioRgenteietpimmbdl anft Wmpdl nidhe Sufifmen wodlet iofn "4")
IlTustrated i$ 1 COBDMEEF) SYM 78 64 MhilenEie RE e g%?rgﬂedor speci al
a

pur pose conputi r data processing machi ne such as C per sonal
conputer), c %Fg?jft%mgo%%ré]raw ViEmitP B30 Tshe theyiCgidemord

18  canera,equivabéntviteo" THOE0G! for anynidMyge e Rirdcr daluee oF —i magi ng
system and {p utilized to capture a sensor image of an object 640. _
Essentially, Ccaptured i nages are conpressed by an i nage conpression circuit
632 so that they Ta® weartiied ecentor stajnems iandCadengper drequiyalents634,

whi ch may besge RAMcay: o4 *Eémﬁipéégfoﬂea’if?o"‘s‘ﬁm%s 'e&%%ddiefgg mniature

card, etc. In post digital caneras, |nmages are stor I'rst a _ogownl oaded
later. This Y1998 Peeveemer2b5FNd 22%pt A dimcussed ebjloyst, dieck y

wi thout addiléngeh 68l @¥ch Codeword equivalent should also be stored
in order to packing of the Codeword equivalents into
suitable data structures for communications transport.
The Codeword equivalents represent an integration of the
traditional distinct processes of quantization and
encoding. _

Additionally, the image compression table can also
store the inverse of the quantized error values. When
the image is being recovered or decomposed, the inverse
quantized error values are utilized. The inverse
quantized error values are calculated by using the
formula Xj,, = (y-C)2+C, where y is the quantized error
value and Xjn, is the inverse quantized error value.
Though the inverse values only approximate the original
error values prior to quantization (e.g., 255 is
quantized as 15, and inversed as 253), this is quite
adequate for visually-lossless compression since the
error introduced is imperceptible by the human visual
perception system. '

Figure 6 is a system diagram of one embodiment of
the invention.

Illustrated is a computer system 610, which may be
any general or special purpose computing or data
processing machine such as a PC (personal computer),
coupled to a camera 630. Camera 630 may be a digital



| mage processing in this enbodinent of the invention operates as foll ows.
First, an inmage conpression table, if not already conpiled, i5 conpiled

usi Nng CQPsdFesYSt em 610. The net hodol ogy described in vadousosaidrer
enbodi ments of the invention is executed using a processor 612 such as the

Pentiu[err] (a product of Intel Corporation) and a nenory 611, such as RAM
which is used to store/load instruction®ddresses and result data. The
application used to conpile the image conpression table nay be an
executable file conpiled fromsource witten in a | anguage such as C++. The

i nstructi ongaferthadigicalt aibec icamerahi ot ey dspaed captiirenst ructi ons
necessary tq conpute quant.i ze rror valwues, eword.equival ents and i ndex
t hese and o?ﬁch aFﬁégm%'lggé ?§§F§P ﬁ%ﬁt%s gg@éggFongc %grgi?k 618 or
menory 611. sensegulithage ofviavusbiectné4df. oEdiseatiadidyl,| cepturedart to
program a cat ' %r@agg,g‘% j | : Tm@g, %ﬁgr- Si | e,

provi ded th%&%ﬁtﬁg escri e?e%\%te%% oa%.tll?‘?d i scﬁ?s.e . 1@.&1 .Icq'gé)l%uter system
610 has a sPSembihagl Fhay qan baiafiisiently stenecod @8ndMa@get o/ from

t he process@jemciRA JIBROIES 4N GHE N deld Wt b QMers sitdralel / O bus

615. 1/0 bus, 615 connects varj,ous k{ devi,ces .such asé? dlspliﬁ.adapter
616, di sk 6PEVARE AMFF 3D E1x&k ra MLIEA R & G VR s u

conbi nat i onsoeft IdiGidmli cemerass dmagus el garoresh fie-stt iandzed with the

i nvention a . t C Lnation
shown is rre;&ejiw;’llﬂaf%esc% rla tlevre’ ofTholnse aslul&wspo%lsel lﬁaénecj:z%mg:irg;%oon. tide Once

t he tabl e | $heomsittedbiaect amimklse mittorwu@dditdgwlt &Bllavand | oaded into

i mage conpr essi OrIn?AdGéLZBfocfé?si & RAMIY B MY |dZ &Y the -image
conpression circuif 63Z. The table, qnce |oaded, can thereafter be
invention operates as follows. First, an image
compression table, if not already compiled, is compiled
using computer system 610. The methodology described in

various other embodiments of the invention is executed

using a processor 612 such as the Pentium™ (a product of
Intel Corporation) and a memory 611, such as RAM, which
is used to store/load instruction addresses and resilt
data. The application used to éompile 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 correépond
with instructions necessary to compute gquantized error
values, Codeword equivalents and index these and other
values into a table, which may be stored to a disk 618
or memory 611. It would be obvious to one of ordinary
skill in the art to program a computing machine to
compile the image compression table, provided that the
described methodology is disclosed.

Computer system 610 has a system bus 613 which
facilitates information transfer to/from the processor
and memory and a bridge 614 which couples to an I/0 bus
615. I/O bus 615 connects various I/0 devices suéh as a
display adapter 616, disk 618 and an I/0O port, such as a
serial port. Many such combinations of I/0 devices,
buses and bridges can be utilized with Ehe invention and



utilized by the inmage conpression circuit 632. When an i mage, such as
an i mage of .object 640, is captured, the image is sensed by RR G and B

pi xel s W”t,&%ze pi xel values are sent to the inage conpr ggsingsvsaid3oui t
632. | mage conpression circuit 632 consists of 1 Cs and ot her conponents

whi ch execute an image conpression schene such as predictive coding. The

| mage conpression circuit 632 cal cul ates initial error values accordi ng to
a predictive coding fornula, and then, |ooks up both the correspondi ng
guanti zed error value and Codeword equival ent for the error val ue and
stores.that thet eddenatigsn showny isnineredd, iByusthaeitigeupft baevacehs in the
| mage conpr ' ta . .steps of quantization and encodi ng do not have
to be perfoﬁ’%niggg%ﬂ'% %’leoqnge{&n%%é% he total cost of the camera is reduced by
avoi di ng t he addiQrnasmdheitedlie dg @smpidederifto aangdren sienst itbFongd encodi ng

of error valyRs pdNce1d lard Qa8 S GeRtR dfprldid i edrciie canera
630 can capturethe next imge. \Wen the user or application

desi r es/ r eqlfd? £5 3R R WFEYR G L1308 By ihes IRGEEGERTESSLOR in t he
| mage menor iwdi 056 3IC K erh Latdiy doritfee Tdarted, erd=erl therdafoege beenor y
unit 634 to the]é;/%Port 617. 1/0 port 617 uses, the buys-pridge hierarchy
shown (1/0 Bifst¥%eq P¥% ity EF (FTRFGIHBLS EI S $*¥enporarily store

t he Codeword i nt Whemtary Bddgenr ,swglt iasnad yimadjes lo 6 khj elie 6ddnprisssed

| mages are C S Vi SHid a ' ion sof I : r re),

whi ch nay u?%ﬁ%‘%&fbg%%%o’r 0 ézagofsé}?%%x culf’l .oén’. |n£1{1}?{ee]jgarmg\ga

conpr essi on thase Bixel H@alueRare gnt &P dihe Hanagsamaressic®n it can be

reused circuit 632. Image compressiorrbirdfit |@K-d¥nsiidtd @erse the
actual error_value_corresponding to the Codeword. The error val ues are used

in an i nver SECHraril cRFRR CRIMPRASRTS Jiiksh execute an image

compression scheme such as predictive coding. The image

)

compression circuit 632 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 634. By loocking up the
values in the image compression table, the steps of
quantization and encoding do not have to be performéd.by
the camera. The total cost of the camera is reduced by
avoiding the additional circuitry used to perform
quantization and encoding of error values. Once all
pixels are processed for the image, the camera 630 can
capture the next image. When the user or application
desires/requests a download of images, the compressed
images stored in the image memory unit as packed
Codewords are transferred from image memory unit 634 to
the I/0 Port 617. I/0 port 617 uses the bus-bridge
hierarchy shown (I/0O bus 615 to bridge 614 to system bus
613) to temporarily store the Codeword into memory 611
or, optionally, disk 618. The compressed images are
decompressed by suitable application software (or
hardware), which may utilize processor 612 for its
execution. Since the image compression table will have
been compiled on the computer system, it can be reused



correspondi ng i mage deconpressi on schene) to produce a deconpressed i nmage
650. Deconpressed i mage 650 may then be rendered visually using a’display
adapt efycpobfpoedat 0 a nonitor 620 to which the conputer syspemUSdIsNiAl®y be
connect ed. The deconpressed image 650 will be "visually- |ossless" if
an image conpression table with an "aj,value of 0.45 and a threshold C.of 3
I's conpiled and used in canera 630. Tﬁe i mge is visually-Ilossless since
the-formulay = (x-Q[err]C, when utilized to conpute and conpile the inmage
conpression table will nodel the human visual system Thus, to the user,

t he deconpkesidgoknupd ﬁaorﬁﬂersapbbaravtualwﬁt§oﬂrﬂﬁlﬂqrmuushable gi ven

adequat e dbaekagpsﬁahﬁsstsmﬁét 8ba8w8rand @Q@%fx‘oﬁ@lué@ tdi-d he appearance
of the original object 640. Likew,se, other %ﬂ? captured by the camera

can be decHﬁﬁ@e%EeﬁnaﬁHVSEFﬁuPrﬁﬂlﬁﬁhV?o?°%¥@ga M ll maintain a

visual l'y-1 e&&h:esgoﬁaahgt Ymafet Hécﬁﬁbbéd@i@gysﬂﬁexﬁél)e wrﬁmwﬁodi ments of

h d al he foll I
enbod mont SSACEBEFREACHARERR BPO-pr BOPHBAL HEverSHee IR A AR

princi pl esbef rehderedemrsualé.ydushngl d dmspbeycmtmoslaﬁs drite ta ng t he
scope of t&%le gn%b@ntoR?hggh thgecgﬁgﬂﬁéPlgﬁsﬂ t%ﬂ%gﬁéé@ﬁ d on may be

applied to range of systens to leve t es descri bed
her ei n andcp@n§€ﬁﬁéve ot her advantages or to satisfy other objectives as
wel | . The decompressed image 650 will be "visually- -21- What
Is clained 1. A nmet hod conprising the fte S _.of :

1ossless" if an image compressidn tab ith an "a"

value of 0.45 and a threshold C of 3 is compiled and
used in camera 630. The image is visually-lossless

since the formula y = (x-C)2+C, when utilized to compute
and compile the image compression table will model the
human visual system. Thus, to the user, the
decompressed image 650 will appear virtually
indistinguishable, given adequate display devices
(monitor 620 and adapter 616), with the appearance of
the original object 640. Likewise, other images
captured by the camera can be decompressed and output on
monitor 620 and each will maintain a visually-lossless
qualiﬁy if the methodology of the various embodiments of
the invention and alternatives thereof, are followed.
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.



Generating an i mage conpression table that nodels a visually-1ossless image
conpr essi-on schene, said schenme polynomally relating an error val ue, which
i's the @iddJompegace between two pixels, and a quantized err @crygdoda43sai d

Pol ynom al characterized by the human vi sual perception system and
utilizing said inmage conpression table ior conpressing an i nmage, said
conpressed i nmage appeari ng visually-log 1 ess upon deconpression. 2. A
met hod according to claim1 further conprising the step~of- {oadingrhprior
to the step of utilizing, said table into an i mge c?gture systen1 . A

met hod according to claim2 further coGpAIMEmg the s Rph aﬁg,
after loading said table, imges captured by said im ” en] by
appl ying values of said table to said captured imges hod
according to cl aWha8, isuctadmedonpri sing the step of domnloa |ng
conpressed inmages to a conputer system . A nmet hod accordi ng to clalm
1 wherein the step of generating further conprlses t he steps of :

conmputi ng, usi nglsai d&methedy coppsisingqgyhet s£epi of:scheéme, a quanti zed
error value for generatlﬁécﬂnOimﬁgée&oﬂ§r99§§6ﬁ|@aﬁiéofh¥élﬂﬁael§aéd set a

result of all co tions of difference between one pi xe
val ue of saV#SpP ¥‘ Ags ﬁ%?héWagﬁnﬂomPrGSSI°ng%ﬁ%?%?rn@nﬁor each of said
quantized error ugiliézing saideipagdi ogmboessbod eableakesnt, each

said quanti z alLy correspandin valent stored in
sai d Sﬁggﬁggﬁn¥ eacﬁﬁgg Csaras oggmBF%sﬁ?ao?mﬁgFu PeagINg A net hod
accordi ng t vighaldyslbgsihes vpaprdecogpriesiosp of cIaSS|fy|ng sai d
guanti zed error values into a distinct set of classes. 7. A
nmet hod according _to claim5b further conprising the step of:

storing | ength iAfor mdt MEYHOS ae£OF AT toogdménd lefumkieant into sai d

table. 8. comﬁrm&hgdtnecgtdpngft Qoaaahgl Sptubthes eRBPELebngst he step of:
e an | nverse error val ue, sal d i nverse

conputing and.storing i
error val ue% HIBLE ngexﬁaﬁgn gégﬁylPEPa?Edl?ngaFGPEBEﬁtF¥§He@rror val ue.

3. A method according to claim 2 further
comprising the step of compressing, after loading said
table, images captured by said image capture system, by
applying values of said table to said captured images.

4. A method according to claim 3, further
comprising the step of downloading said compressed
images to a computer system.

5. A method according to claim 1 wherein the step
of compiling further compriseslthe steps of:

computing, using a visually-lossless quantization
scheme, a quantized error value for each of a set of
possible error values; and

generating for each of said quantized error wvalues,
a corresponding Codeword equivalent, each said quantized
error value and corresponding Codeword equivalent stored
in said table for each of said possible error values.

6. A method according to claim 5 wherein said
scheme polynomially relates said error value and said

THIS SHEET HAS BE
AU T REPLACED




-22- 9. A nmet hod conprising the steps of: conpi ling quantized

error val ues and Codeword equivalents for a given inage " 'conpression
schene nt o | gok- up table sald val ues nodel i ng visual i mge
conpre %Mmgg @l result of said schene pd¥§nonlg??§
relating an erro , which is the difference between two

pi xel s, and a qu al ue, %&id pol ynom al characterized
by the hunman vi sual perceptlon system and utilizing said | ook-up

tabl e for imge conpression w thout re-conpiling said val ues
thereafter qﬁaﬁtﬂzaaveﬁrbf&@@l@@rrm&ééd% sdilHolybmialA et hod according

toclaim9 erein sal tep of compilin s achi eved i ndependent of

e char norBRFeEFEEEPd, Bt The JuSHR P R SKaReE Lo0 BYSUSR et hog
according to claim9 further conpr|S|ng the step of conpiling a second
tabl e of vaI e i r ess f n i mage

conpr essi on schene |§'§§lgfd §288£§9HB g? &?%o% accorgh%g to claim1l
wher ei n t heopRrisdngakhenager cofiprbass bfy ndepmid squantized mxer ed based

on a choi cga9fiedeihk8dal qRELIANR &Y HY @ asSds. 13.  An imaging system
including an image capture device conprising: an i mage conpression

nodul e receiving input fromsaid i mage captive device; and a i mage
conpressi on tablge COl}\D'n@LHo@ Sicdrdinge te0aNaeRS FOfupBHEke, said inmage
conpreSS|on tabl %hFlng g gtlzed error values and Codeword equival ents
t her eof eSafPI Pzéd to conpress imges, said quantized error
val ues nndellngstb31hgnanngth infovmatuabnsfst eenckasaid cbadewqodynom al | y

rel ating a%q§55%ﬁ gtowgggg t?uige di fference bet ween two

pi xel s, quanti error va sai d pol ynom al characterized by the
human vi sual perceptlon system An i magi ng system according to claim

13 wherein saidg, nﬁg%\‘iﬁ&ﬂl{o@%c@bf@%@ @cAkdaim 5 furthed | 0ok-up table are
for coupling to .an |na%§ captu evice. 15. An i magi ng system accordi ng

to clai m 1FMRHSIRSG L §ﬁﬁ§b°?apture device is for coupling to a
conputer syst emcmnﬂ:m@rrmﬁestsxihgmnaaf sgliidedabdecanpiheessed

iy et ol YR, YUl OUAE) Eipaalataafty | moS

conpr essi on
related to said quantized error value.

10. A method comprising the steps of:

compiling quantized error and Codeword eguivalents
for a given image compression scheme into a look-up
table, said values modeling visually-lossless image
compression; and

utilizing said look-up table for image compression
without re-compiling said values thereafter for a given
image compression scheme.

11. A nethod according to claim 10 wherein said
step of compiling is achieved independent of the
characteristics of the images being compressed.

12. A method according to claim 10 further
comprising the step of compiling a second table of
values for image compression if the given image
compression scheme is modified.

RO RO 1 P AL BEEN




16. An i magi ng system according to claim 14 wherein said i mage capture

device is , . configured to store said conpressed images. 17. An

I magi ngw%y accordl ng to claim 14 wherein said i mage cpgfaicgs/fayd ce is
conflgure ransfer tonpressed i mages to a conputer system

- 23- 18. An |g§ S sten1accord|n to claim14 wherein said imge
capture device is ““mmh“#o a édnputer system said conputer system
configured to deco H said conpressed i nage to an

out put . devi ce, fur |d out put device rendering a

deconpressed image that is V|suaIIy | ossl ess. 19. An i magi ng system
accordi ng 1o, claly 13miorpbR $300:42RL°cbTLEALA' £5 haptizatign and

particular 1mage compression scheme is modified based on
a choice of desired image quality by a user.

14. An imaging system comprising:

an image compression module; and

a image compression table coupled to said image
compression circuit, said image compression table
providing quantized error values and Codeword
equivalents thereof which are utilized to compress
images, said gquantized error values and modeling the
human visual system Codeword equivalents.

15. An imaging system according to claim 14
wherein said image compression circuit and said look-up
table are for coupling to an image capture device.

16. An imaging system according to claim 14
wherein said image capture device is for coupling to a
computer system, said computer system configured to
compile said quantized error wvalues and said Codeword
equivalents for said image compression table.

17. An imaging system according to claim 15
wherein said image capture device is configured to store
said compressed images.

18. An imaging system according to claim 15
wherein said image capture device is configured to
transfer compressed images to a computer system.

19. An imaging system according to claim 15
wherein said image capture device is coupled to a
computer system, said computer system configured to
decompress and render said compressed image to an output

il HIIH lllﬂ U Illl
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wherein said output device rendering a deconpressed i nmage that

vi sual
wher ei

H%%3$§§T§b|e i ntegra

val ues.

24 device, further
ES-.
20. An imagi ng system accordin sAl e l4
tes quantization and-encodi ng of T nage error

24

device, further wherein said output device rendering a

decompressed image that is visually-lossless.

20.

An imaging system according to claim 14

wherein said table integrates quantlzatlon and ‘encoding

of image error values.

Ny i

THIS SHEET HAS BEEN
REPLACED

|




