APPARATUS AND METHOD FOR PROCESSI NG | MAGES FI ELD OF THE | NVENTI ON [ 0001]
The present invention relates to an apparatus and nethod for processing

di gi tal iweges/de3enhance the contrast of the i mage. BASKERSIBI0EH 40 HE

| NVENTI ON [ 0002] Integrated circuits, including dies, for exanple, inmager
di es such as chargecoupl ed- devices (CCD) and conpl enentary netal oxide
sem conduct or L es, 1 Q] r epr oducti on
appl i cations. %Aﬂﬁééﬁ@ﬁ?%@bﬁ&@gﬁ@éw&i% typically
contain thousands of pixels in a pixel array on a single chip. Pixels
convert light into an electrical signal that can then be stored and
recall ed by an el ectri cal L ce anpl e, a processor. The

el ectrical signals that argﬁgpgwgﬁﬂﬁgéﬁggmﬁgggﬁ?ed to produce an i mge on
for exanple, a conputer screen or a printable nedia. [0004] Exenplary CMOS
I magi | I Cly | r ' LAk L ons of

t o r a0} el i probRERRhHh PHRS (b AR paratR dnd Fhaotof BRHGC LT, e
for | ' a ‘%@ﬁ“ q?@ ; 6,376,868; 6,310, 366;

6, 32%@5; E%a%é&4t9§§£aﬁgé§%c tegfc%éo %%I ch being assigned to Mcron
Technol ogy, Inc. The disclosures of each of the forgoing patents are hereby
i ncor porated by referemBgCKGROSINDS THE INVERAISINFIG 1 illustrates a

bl ock di agram of an imger die 10, having a CMOS i mager device 8. The CMOS
| mager device has a pixel array 14 that conprises a plurality of

[0002]  Integrated circuits, including dies, for example, imager dies such as charge-
coupled-devices (CCD) and complementary metal oxide semiconductor (CMOS) dies,

have commonly been used in iinage reproduction applications.

[0003]  Imager dies, such as the CMOS imager die, typically contain thousands of
pixels in a pixel array on a single chip. Pixels convert light into an electrical signal that
can then be stored and recalled by an electrical device such as, for example, a processor.
The electrical signals that are stored may be recalled to produce an image on, for

example, a computer screen or a printable media.

[0004]  Exemplary CMOS imaging circuits, processing steps thereof, and detailed
descriptidns of the functions of various CMOS elements of an imaging circuit are
described, for example, in U.S. Patent Nos. 6,140,630; 6,376,868; 6,310,366; 6,326,652;
6,204,524; 6,333,205 each of which being assigned to Micron Technology, Inc. The
disclosures of each of the forgoing patents are hereby incorporated by reference in their

entirety.

[0005]  FIG. 1 illustrates a block diagram of an imager die 10, having a CMOS imager
device 8. The CMOS imager device has a pixel array 14 that comprises a plurality of

pixels arranged in a predetermined number of columns and rows. The pixel cells of



pi xel s arranged in a predeterm ned nunber of columms and rows. The pi xel
cells ofeach rowin pixel array 14 are all turned on at the sane tinme by a
row sel ecwol2oewemnd t he pixel cells of each col umm ar e psehsedoswsdiyo out put
by respective colum select lines. A plurality of rows and colum lines are
provided for the entire pixel array 14. The row lines are selectively
activated in sequence by the rowdriver 1 in response to row address
decodeachzomnin pixel away d#h aseald turnied rossatthe samedime bylayroncselectiling, amd sequence
for each row activation by the colum driver 3 in response to colum

addr e8¢ piselsgls of eadheolumpsarierseleetivelstudpuby sespeetive ealumn sdbect dimet.r Al
circuit 5, which controls address decoders 2, 4 for selecting the
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sem Qﬁ@@é&@&t‘éﬂr@W&n&@oﬁﬁﬁﬁfl&B@ |mager die 10. The inmager die 10 can be
I ncluded in a nunber of image reproduction applications, including, but not

limted to, canmeras, personal digital

[0006] The pixel output signals typically include a pixel reset signal Vis taken from a
charge storage node when it is reset and a pixel image signal Vs, which is taken from
‘the storage node after charges generated by an image are transferred to the node. The

- Vit and Vg signals are read by a sample and hold circuit 6 and are subtracted by a
differential amplifier 7, which produces a difference signal (Vist — Viig) for each pixel cell,
which represents the amount of light impinging on the pixels. This signal difference is
digitized by an analog-to-digital converter 9. The digitized pixel difference signals are
then fed to an image processor 11 to form a digital image. In addition, as depicted in
FIG. 1, the CMOS imager device 8 may be included on a single semiconductor chip to
form the imager die 10. The imager die 10 can be included in a number of image
reproduction appiications, including, but not limited to, caﬁeras, personal digital

assistants (PDAs), scanners, facsimile machines, and copiers.

[0007]  Users often desire to see images full of contrast in image reproduction
applications, such as, for example, a photograph. Such images are visually pléasing
because they look lively, clear and have lots of details. Known methods for contrast

improvement include modifying transfer function ("s-curve"), contrast stretching,
2



assistants (PDAs), scanners, facsim|e machines, and copiers. [0007] Users
often desire to see images full of contrast in inmge reproduction

appl i cat iwopocazedvn7as, for exanple, a photograph. Such ipowgssocansoie sual |y
pl easi ng because they | ook |lively, clear and have |lots of details. Known
met hods for contrast inprovenent include nodifying transfer function
("s-curve"), contrast stretching, hi stogram equalization, and anplifying

| umi nastegraAERERRAitior, atd aﬁ%ﬂ?ﬁh Rfinirfa®.c€ ¢OmMPOALRE Feich MBFHORA KRty esul t in
poor image quality. [6008] Accordingly, there'is a desire and need for

pr oc esenh dgawBadktRgthitlomayaesals én pber Endge qedlitpf the image, without
adversely affecting the visual quality of the inmage. BRI EF SUMVARYOF THE

| NVENTI ON [ 0009] . The present invention relates to a nethod and appar at us
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edge defining pixels into a predeterm ned plurality of regions based on

| um nance intensity vgpgs ! £ 188 IVENPIO! s using the grouping
to define a non-linear transtormfunction operation over a range of

| um nance intensity val ues of the edge defining pixels, applying the
non-l[m r transformfunctjon to | um nance. intensity val ues, and using the

edge i ni ngNBiPrefent KATHIpn Ietatesia 3 me and APRATAHE HATRIORSSBINEAN on t o
produce an.enhanced i mage fromt L.nput i e. .One exenpl ary enbodi ment of
Phe SEReP s e e B coBeXamp i coredininns of B Fiethorf o3k pEe L uEEnB L noq
desc Ex‘n%&&' h?t%oavﬁixel array producing pixel output signals, executing an image edge

detection routine on the pixel output signals that detects pixels defining an image edge,
grouping the edge defining pixels into a predetermined plurality of regions based on
luminance intensity values of the edge defining pixels, using the grouping to define a
non-linear transform function operation over a range of luminance intensity values of
the edge defining pixels, applying the non-linear transform function to luminance
intensity values, and using the edge defining pixels having the applied non-linear
: traﬁsform function to produce an enhanced image from the input image. One

exemplary embodiment of the apparatus comprises a programmed processor that

executes the method described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The above-described features of the invention will be more clearly
understood from the following detailed description, which is provided with reference ,

to the accompanying drawings in which:

[0011] FIG. 1 illustrates a block diagram of a CMOS imager die;



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] The above-descri bed features of
the invention will be nore clearly understood fromthe follow ng detail ed
descri pt iwo,200ni26397i s provi ded with reference to the aceomusdyisngoids awi ngs
in which: [0011] FIG 1 illustrates a block diagramof a CMOS i mager die;
[0012] FIG 2 is a flowhart illustrating a nethod of processing an input
i mage in _accordance with an exenpl ary enbodi nent of the invention; [0013]
FI G [8012]] ustFlGt 2is aflowsharhilustrating:a nzethod of processinganfin@ut imageizl  ar r ay;
[0014] FIG 4 illustrates the construction of an edge map from an i nput

i magecrerdanse withhae exemplagy esxteoditeny obthegavertien;,of the i nvention; [0015]
FIG 5 illustrates an input |um nance histogramrepresenting any edge
pi xels; [0016] FIG 6 illustrates a contrast enhancenment map constructed in

accorjdersle WHG. 3Nl eSS @fdr?-aamdéiéﬁfﬁf oritioR JfHE PIGOD; ngﬂrZ%; FIG 7
illustrates a nornalized contrast enhancenent map constrgcte I'h accordance
with an exenplary enbodi nent of the invention; [0018] FIG 8 illustrates a

ermodP ST of SRR R cofbsRgorho (i 9165 Fap o M GRPBRHDI at | on of
- | . f f ' .he ELG 10 f f [
constrhuEERce WiE) Bilhplit PR L RO S e mont of the i nvention:

[0020] FIG 10 illustrates a non-linear transform function nmap constructed

in accordance with an exenplary enbodi nent of the invention;
[0015]  FIG. 5 illustrates an input luminance histogram representing any edge pixels;

[0016] FIG. 6 illustrates a contrast enhancement map constructed in accordance with

an exemplary embodiment of the invention;

[0017]  FIG.7 illustrates a normalized contrast enhancement map constructed in

accordance with an exemplary embodiment of the invention;

[0018] FIG. 8 illustrates a transform function map constructed in accordance with an

exemplary embodiment of the invention;

[0019]  FIG.9 illustrates the extrapolation of a non-linear transform function map
from the FIG. 10 transform function map constructed in accordance with an exemplary

embodiment of the invention;

[0020]  FIG. 10 illustrates a non-linear transform function map constructed in

accordance with an exemplary embodiment of the invention;

[0021] FIG. 11 illustrates an output luminance histogram constructed in accordance

with an exemplary embodiment of the invention; and



[0021] FIG 11 illustrates an output |um nance histogram constructed in
accordance with an exenpl ary enbodi nent of the invention; and[0022] FIG 12
i |l ustratwe 200402630k di agram of a processor-based syst empconsteosos@adoi n
accordance with an exenpl ary enbodi nent of the invention. DETAILED

DESCRI PTI ON OF THE | NVENTI ON [0023] In the follow ng detail ed description,
reference is made to the acconpanying draw ngs, which forma part hereof

and g0w]by AG, 93 ilidstiatds b1 eladﬁ@ﬁhi‘ gﬂh@ oriaked b ention
may Sb[e pr]actlced These enbodi ments are scribed 1n s f%lent etglyll to
enabl fcoiiaiRe Sath hﬁ@xéxﬂ#bé’t? etibodifheBt Bf tHeGveRgon ,nvention, and it is to be
under st ood that other enbodi nents nmay be utilized, and that structural,

| ogical, and electrical changes may be nade wi t hout departing fromthe

spirit and scope OfDETAIERBESCRIPIEON OF. THEENVENTEINI on of processing
steps described is exenplary of enbodi nents of the invention; however, the
sequence of steps is not limted to that set forth herein and may be

ISQEE G0228°, T QYA il dgbshipebiirveTSEREE eifde e BRI Mt o
exems T A ERA T IR 3 SRR fnd S ﬁ%@é’is.‘%%l%éée | g 10
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processor, e.g., |INMage processor or any ot her processor e.g.,

one eks@ibed irf SufficRnk ARGSN toUn@biklthobé SaMad® thd &t @egim theirfvehkiey N9

steps: inputting an i mage (step 310), executing an &dge detection routine

( st epndlibis todreoutpd digtovdatatiefhienieftbodineeh s may Beautilizededrd tRataetuRluthp! ity of
groups based on the | um nance val ues of each

logical, and electrical changes may be made without departing from the spirit and scope

of the present invention. The progression of processing steps described is exemplary of
embodiments of the invention; however, the sequence of steps is not limited to that set
forth herein and may be changed as is kriown in the art, with the exception of steps

necessarily occurring in a certain order.

[0024]  Referring now to the drawings, where like reference numbers designate like
elements, FIG. 2 illustrates an exemplary embodiment of a method 300 of processing a
digital image to enhance the contrast of the image. Method 300 may be performed by
an image processor, e.g., image processor 11 (FIG. 1), or any other processor, e.g., one
external to the imager die 10, programmed to perform the following steps: inputting an
image (step 310), executing an edge detection routine (step 315), grouping edge defining
pixels into a predetermined plurality of groups based on the luminance values of each
edge defining pixel (step 320), applying a non-linear function to the luminance values of
each edge defining pixel based on their initial luminance values (step 355), and
outputting an image (step 365). The steps of the method 300 are discussed in further

detail below.



edge defining pixel (step 320), applying a non-linear function to the

| um nance val ues of each edge defining pixel based on their initial

| um nancewvabemreost ep 355), and outputting an i mage (step/U3eamso30ihe St eps
of the method 300 are discussed in further detail below [0025] One

enbodi nent of the first step 310 of the nmethod 300 conprises inputting an

I nput_. 1L mge 0 (H G, 4) through pixels of a pixel array, e.g., pixel array
14 (H&SI1) &Wéﬂ’ﬂ%@%&q th?r%{fé step 310mnfithe methad 300 compriseninpatinge (st ep
315) is_executed ] cgr&&nce with an exeppl ary enbodi ment of the present
" nveABIBRUE s SULETGH 4} thaotish pixelsekppiel siray e £hBiel aeray 3t (FI%e Diage | n
whi chy a ight/dark contrast are present. [Q02 I n.addition to detecting
bot h%ﬁeibtg%%?%‘!‘t %W@WF@&P“@G§% ?tegEORﬁa\[mn? E?]t?lhélsoirl? exqqyeetliye det ection
e CoraERRC R R ek eaaingst R e prasentinvention. Sl piees of ke 3
i1lu 05 - | ortion of th Lxel array 14 (FIG 1) of
an | ol s R (Ol Bhe FnBi PhicR BBl ps ok La rrbaentro. Each
pi xel of the pixel array 14 (FIG 1) has an associated |um nance intensity
val u or lumnosity, ranging fromO to 255 for an 8 bit grayscal e i mage.

[0021026hch b addlition tosteteating bath heyizontad aadi verticaledges, e kinosvrnimethieer it i s

an edge, def| rgﬁ pi xel based on the associated |um nance intensity val ue.
In ex%gfnﬂ?ﬁ %fgg %ﬁs&qn, rqutge regpgryres 41 ad 13y degrenedges aswelli Themdges of

(adj acent pixe|s.171-174, 176-179) are analyzed to determ ne whether any of
Lhe B8 agh el hiaurdlddiednd Winie. A cigeies of Riteln Tergaaminin Hbo3 dbatates
pi xel .. Lf, the pixels adjace ta the pi er . exam nati on_do not have a
| uni lﬁ‘é?.é WY 2l 662 partien QEE‘}%I&‘?‘%#?[“?D%{%?@S) ghan ggagingrieviseafBned pi xel
imager die 10 (FIG. 1), having pixels 171-179. Each pixel of the pixel array 14 (FIG. 1)
has an associated luminance intensity value, or luminosity, ranging from 0 to 255 for an

8 bit grayscale image.

[0027] anch pixel of the pixel array is examined to determine whether it is an edge
defining pixel based on the associated luminance intensity value. In examining a pixel,
e.g., bright pixel 175, the surrounding pixels (adjacent pixels 171-174, 176-179) are
analyzed to determine whether any of the adjacent pixels 171-174, 176-179 define an
edge with the exam'méd pixel. If the pixels adjacent to the pixel under examination do
not have a luminance intensity value sufficient to define an edge, the examined pixel
will be discarded. If, on the other hand, as illustrated in FIG. 3, one or more of the
adjacent pixels 171-174, 176-179 of the pixel under examination (examined pixel 175)
does define an edge, the examined pixel 175 and any other adjacent pixels defining an -
edge can be processed further. In order to define an edge the difference in luminosity
values of adjacent bright and dark pixels must exceed a predetermined threshold,

which may be a programmable value.



wi |l be discarded. If, on the other hand, as illustrated in FIG 3, one or
nore of the adjacent pixels 171-174, 176-179 of the pixel under exam nation
(exani nedwpix@l028303) does define an edge, the exam ned pcrals2dgbiand any

ot her adj acent pixels defining an edge can be processed further. In order
to define an edge the difference in lumnosity val ues of adjacent bright
and da I xel.s nmust exceed a predeterm ned threshold, which nay be a

rk p ’ ] :
progri@8#8lo| e it ddllpsitates amedge defined betweenexamined pixed 175 end kdjasern
exam neéisép' xel 175 and adjacent pixels 171, 172, 173, 176, 177, 178, and
179; MY \1?1’,17301&&264157 d&78, aad 178 heweveraaedge igdefineditrgwean pi xel 174

because t.he diff nce i.n | umnance jntensity value is such that an edge is
not deeBlped pixel ﬁ?g ap )Rlx%lﬁf’fibt‘?é%llsﬁid%%ﬂﬁﬁefﬁw%md@%@@@ indenityi vilugisan edge
wth adjacent pixels 171 and, 17.7., cordingly,. t Il lustrated pixels

171- f’fﬁi‘gﬁ%’: R ee s ‘{196"-‘06%%%'&24133@)% Fﬁ?’ﬁa‘g‘-‘&y Rléﬁgﬁ‘ldﬁ élleéﬁC&Eé 25 defining
processed. 29] 1t shoul d be d, t hat. t he precedi ng. edg tection

r out ia??eeec?%e %%%%Ce&gm#saf@l aé}fgg’/rf i f&g\ggy,itge ﬁ@{sqaﬁ?%pa@@ fﬁ'ﬁeq %€ ting
in a lieq. ot her edge, deteection routines known in the art
coul B%Bé\ﬁ%g%dd:&{'f%égg?d%é?%grﬁlﬁﬁlg’t%%rémﬁ, T REOSPSED s defining an edge can
be used to construct an edge map 420. It should be noted that constructing
an edae map i s not essential to the method 300 (FIG 2), and need not be

per f dP9d.  TiHeshowdd bempted thatshe precedingesigesdatectidrorousinetinenbt &ct r i cal

signal s oytput by the edge, pixels capturing the input imge 410. It should
be n&XER ﬁ&te%gmeﬁthéﬁ-g iynotiptended 4o ke lisvitiag inanyrway Eoyewmmpleo capt ure

ortiogns of t i hput image 410. The el ectrical signals fromthose pixels
ﬁot d’gﬁ?rrﬁ gﬁ@%?%‘tﬂ?gg“pfﬁ"rbﬁ‘ttg‘ﬁtar%l?PLéﬁtbﬁd’csedﬁage (step 365 (FIG 2)).

[0030]  Referring to FIG. 4, the pixels defining an edge can be used to construct an

edge map 420. It should be noted that constructing an edge map is not essential to the
method 300 (FIG. 2), and need not be performed. The edge map 420 is only a
representation of the electrical signals output by the edge pixels captufing the input
image 410. It should be noted that pixels that are not recognized as defining edges also
capture portions of the input image 410. The electrical signals from those pixels not

defining edges are used to output an output image (step 365 (FIG. 2)).

[0031]  Referring to FIG. 2, a predetermined number of edge defining pixels can be
categorized into a predetermined plurality of groups based on the luminance value of
.each pixel (step 320). For example, all edge defining pixels can be categorized into one
of 256 groups, i.e., 0 to 255, each group representing a different luminance value.
Referring to FIG. 5, an input luminance histogram 510 may be created to illustrate the

grouping of the edge defining pixels having a corresponding luminance intensity value.

[0032]  In further processing, a non-linear function is applied to the luminance

intensity values associated with each edge defining pixel (step 355 (FIG. 2)). The non-

7



[0031] Referring to FIG 2, a predeterm ned nunber of edge defining pixels
can be categorized into a predetermned plurality of groups based on the
| um nancewoabesm26fo7each pi xel (step 320). For exanpl e, aclr/sd@s/os@ie ni ng

pi xel s can be categorized into one of 256 groups, i.e., 0 to 255, each
group representing a different |um nance value. Referring to FIG 5, an
i nput | um nance hi stogram 510 may be created to illustrate the grouping of

t he ditgar fiaictionrapplies alvaleto the landnanesptendityyalunof earbedgetdafiming val ue.
[0032] In further processing, a non-linear function is applied to the

| umi rpixeldyi whishsthe yjumanaree vadsoisi cthed idredsed artdeetesed ofsi dibeugsed el (st ep
355 (FIG 2)). The nonlinear function applies a value to the |um nance

i nt erggeatyr defaildbebdwe Jhie incgaseldédreasepfhe diminanceiintensite valuesofitleee val ue is
ei ther increased or decreased, as discussed in greater detail below The

i ncr €dge definingpixelsfincreasea thiesantrest ofithe input imdgee Ihefincieasetidecreasedni ng

pi xel s increases the contrast of the input inmage. The increased/ decreased

| umi haméRanceiRtessity valiesase guipwhingaoutpubimage (step 36REEG( 20 ephess (FI G
2)). The output inmage _has an enhanced contrast with better defined edges.
[OOBQPW-th@@aﬂmﬁégﬁ%ﬁﬁ%twbﬁﬁﬁhé ingd edgesi al |y grouping the edge
defining pixels into regions based on the associated | um nance intensity
val ues of each pixel. As discussed above, each pixel - has an associ at ed

| um (@083% | nThesibhylineak fienctivrdiseletdrnified byunitihllyngroupingy gdaidgerdefivthg
plurality of groups, e.g., 0 to 255. These groups are further categorized

i nt o pixgls sdetregiohs basequl om Hhe assodhtedelyintinancdimteresiignydlees ofheachggrelpidsel s
that correspond to a luninance intensity value of |ess than a particular
nunbeiscus boye, eagh pixehipisan associatedkingingnpeintensitt vadne, asl eashiion 1. The
edge pixels that correspond to a lum nance intensity value of 8-15 can be
gr Ougygp}gg:l indg a@redetegmineshplurality of groups, e.g., 0 to 255." These groups are

further categorized into a predetermined plurality of regions. For example, the edge
pixels that correspond to a luminance intensity value of less than a particular number,
such as, for example, 8, can be groﬁped together, as region 1. The edge pixels that
correspond to a luminance intensity value of 8-15 can be grouped as region 2, and so
forth, until all of the pixels having edges have been grouped into, for example, 32
regions, each region having 8 luminance intensity values to cover the 256 possible
luminance intensity values of a pixel, essentially creating a histogram having 32 regions.
Although described as being divided into 32 equal regions, the pixels could be divided
into less or more regions, i.e. less than or more than 32 regions, based on the desired

application. Further, it should also'be noted that the pixels need not be divided equally.

[0034]  Once the pixels have been grouped into regions, each region is assigned a
contrast enhancement value. In an exemplary embodiment, the contrast enhancement

value (cw) is assigned in accordance with the following formula:

(3) Cwx =& (Nx/N total)y,



forth, until all of the pixels having edges have been grouped into, for
exanpl e, 32 regions, each region having 8 lum nance intensity values to
cover thewd260dms®i7bl e | um nance intensity val ues of a porals2osssandi al |y
creating a histogram having 32 regions. Al though described as being divided
into 32 equal regions, the pixels could be divided into | ess or nore
regions, i.e. less than or nore than 32 regions, based on the desired

appl | whereX representsithe regioh éot whidhsthe lrentrasteshhahe¢mehevalus ¢4 beinged not be

di vided equal ly. [0034] Once the pixels have been grouped into regions,
each assigned, pg.ds$2, gnantl u aroempirical eonstantsnia repraserds theinambex efpixelsy

enbodj nent, the contrast enhancenent val ue (cvx) is assigned in accordance
wi t h nrfecarresppngdingaegignaand Neu tapresenty the/titad naimbervdf pixelXin therpizeint s t he
region for_which the contrast enhancenent value is being assigned, e.g.,

1- 32, aFagnfoeRmnplents Galadating e eontrast snhansgmens vakier ofaegionbbof 3 pi xel s
in the correspondgfg regi on,. and Ntotgi.represents the total nunber of

pi xel EBINS; £:8- Siix &Y Tepregents thae numbep pEpixels Indegionak iand Nixe represents the

enhanc nt val .of region 1 of 32 regjons, e.g., Cvi, N represents the
nu nber}P?ag[f%W}%%rl &eﬂlﬁdﬁ‘e&? Bh exemp WOAWEB “e@Hals 1pnd 1 equals @dnber of

pi xel s. In an exenplary enbodi nent, a equals 1 and g equals 0.5. [0035] In
anot her .exenpl ary enbodi nent, the contrast enhancenent values (cvx) for

dar k [883b]br i dhtanphyirerempdarytembodiaiend, thE@ontrastgitancemehpvsluds @ fer coul d
be set to a value of 1, i.e., ci and 2equal a value of 1. The dark and
br i gitarkeagddighiitegioms canibgiareatadgBer examplectagionsjl ané B2 oikhbesetand dar k
i mages . from hecom ng even darker as di scussed below in greater detail.
[ 003672l pE}riend apd crEque! a yalie afde Thsr darkang krightaegionspravenddright
regiqQns is ) . .

images from becoming even brighter and dark images from becoming even darker as

discussed below in greater detail.

[0036] Referring to FIG. 6, once each of the predetermined number of regions is
assigned a contrast enhancement value (cw), a contrast enhancement map 610 may be
created. In the illustrated example, the confrast enhancement values of regions 1, 2, and
3, e.g., ¢1, ¢, cs and region 32, e.g., cx, are set to a value of 1 to create dark and bright
regions, respe;tively. A region 0 is also created to establish a base value. Region 0, e.g.,
<o is also set to a value of one. It should be noted that the construction of a contrast
enhancement map 610 is optional, and is not intended to be limiting in any way. The
electrical signals that are output by the pixels defining edges are assigned contrast

enhancement values, and are further processed.

[0037] Next, each contrast enhancement value (cw) is normalized. In one exemplary
embodiment, each contrast enhancement value (cv) is normalized in accordance with

the following formula:

4) Cuwx=cw/ sum (g),
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assigned a contrast enhancenent value (cvx), a contrast enhancenent map 610
may be created. In the illustrated exanple, the contrast enhancenent val ues
of regi onsokoocdémnd 3, e.g., ci, a, C3 and regi on 32, PeTiS2003i0301a6 € Set
to a value of 1 to create dark and bright regions, respectively. Aregion O
Is also created to establish a base value. Region O, e.g., Co is also set
to a value of one. It should be noted that the construction of a contrast

enhanwhererjtrepregefitbGuo thraugh aglie., a0 ci § cNat. +icht aheatbrialized lcofitrastng i n any
way. The electrical signals that are output by the pixels defining edges

ar e asdagoemenbvialuaCvwpoheathaegiun canl beemappod tacreataid hbanalzatastegst [ 0037]
Next, each contrast enhancenent value (cvx) is normalized. In one exenplary
enmbodinhentementvaluemamgt0 EiGark eArillustrated theluthinanceintemdityzesluesof
accordance with the follow ng fornul a:where j represents xio through xwgh,

i . e. these pixels that are included in Alregivor tiat falldhblowrttarzontaldiver20nwilt harad ale ( Cvx)
of each region can be mapped to create a normalized contrast enhancenent
val uéf%@)oglggs thand appliedao themy shergbpanaking theipixelsndarkent Bhslunyinaakeies of
those pixels that are included in_a region that fall below horizontal |ine

720 Whtensityyaluesefithesedprixelsdbat arginduded in agegionithatis abmee bosizemtal liget he
ot 400N L YAlHR BFPAHET (RanARRIRIAKAN ey Aherepencikans Bhs PHRIALIERIoE Uc
AT G e Bt ki
Eeca s PabRbHaE iny M4 Whe BHFHETE 8P ired a contrast enhancenent vl ue
of 1, and, therefore, a nornualized contrast enhancenment value of 1/32, the
um ?86]3%? Because regions 1, 2, 3, and 32 were assigned a contrast enhancement value

of 1, and, therefore, a normalized contrast enhancement value of 1/32, the luminance

intensity values of pixels that are included in regions 1, 2, 3, and 32 will not be increased

or decreased, thereby preventing the darkest pixels from becoming even darker, and

preventing the brightest pixels from becoming eﬁen brighter. It should be noted tha-t

setting regions 1, 2, 3, and 32 to a value of 1is only optional, and none of the regions

need be assigned a contrast enhancement value equal to 1. Alternatively, it should be

noted that more or less of the regions can be assigned a contrast enhancement value

equal to a value of 1.

[0039] After assigning the normalized contrast enhancement value (Cvx) to each
region, the normalized contrast enhancement value (Cvx) is used to generate a
transform function. In one exemplary embodiment, the transform function is generated

in accordance with the following formula:

G | f(x +1) = F(x) + Cwx, |

10



intensity values of pixels that are included in regions 1, 2, 3, and 32

w Il not be increased or decreased, thereby preventing the darkest pixels

f r om becowongosaeesvzdar ker, and preventing the bright est ppirashesfosmnn

becom ng even brighter. It should be noted that setting regions 1, 2, 3,
and 32 to a value of 1 is only optional, and none of the regions need be
assi gned a contrast enhancenent value equal to 1. Alternatively, it should
be nowhelretfrepresents afuriction uséd ionceach of msmgm diseusged abave, anid pst
enhancenment val ue equal to a value of 1. [0039] After assigning the

nor nalepresentsothe intepratidrafiretion forveddheregionx A fiostaagion; 6gissat tadyé.enor nal i zed
contrast enhancenent value (Cvx) is used to generate a transform function.

| n orf€0)ex®nPhalast eegionli 32pistset thd, iter, £(82) orlmBowthe fiost regiogef(dy a0 edCi,n
accordance with the follow ng fornul a;where f represents a function used on
each astding £v8® Cegivbich was setde edray Eor thedserond pegierrf(2) <t ¢ Gvnt €gr at i on
function for each region. A first region, 0, is set to O; i.e., f(0) = 0.
The a5k sa fegtherAltbough eptienal; thejtransferm fangiion earybe mappeddofgenerate agi on,
f(l) =0 + Cui, adding Cvi to Cvo, which was set to zero (0). For the
secorfganséerm fungtion graph 810€H1G.8)cv2 and so forth. Although optional, the
transform function can be napped to generate a transform function graph 810
(FIG 8). [0040] As illustrated in FIG 8, the function derived fromthe

nor mf00403d coutitlastratediarRICI8 the fahttish d&dwed frept faamdrnidliZetycohbrase ( 33)
different points on a graph (thirtytwo regions in addition to the base

val uenbadcemestealuebire)weptesemtsthinty-three {83} diffprentipoinds opai giaphdepirsted in
the FIG 8 transformfunction graph 810 are then used to extrapolate a
non- ItWestggiansdnsiddition tothe base ivalue® disdassed alowvh wikke rdsplettohai F1G. 6pr T a:

33 points depicted in the FIG. 8 transform function graph 810 are then used to

extrapolate a non-linear transform function in accordance with the following formula:
6 Fy=0x+ Cw* (Y mod Z)*P,

where F represents the ndn-linear transform function, Y represents the individual
intensity level (e.g., 0-255), Cw represents the contrast enhancement value discussed
above, P represents the number of predetermined number of regions the input
luminance histogram is divided into, and Z represents the number of intensity levels
divided by P. For example, if the pixels were encoded as RGB 8-bit triplets and i’=32, Z
would equal (255+1)/32=8. In formula (6), Ox represents the dutput luminance, and is

calculated using the following formula:
?) Ox =sum (Cm) * I,

where Cwm represents the contrast enhiancement value of 1 through x-1, wherein x equals

1-32, and I represents the number of intensity values in the input luminance histogram.

11



(6) F Y= 0+ Cvx (Y nod Zf P, where F represents the non-linear transform
function, Y represents the individual intensity level (e.g., 0-255), Cvx

r epr esentwot2bes/eswtr ast enhancenent val ue di scussed abover/uR2608ps@EsENt S t he
nunber of predeterm ned nunber of regions the input |um nance histogramis
divided into, and Z represents the nunber of intensity |evels divided by P.
For exanple, if the pixels were encoded as RGB 8-bit triplets and P=32, Z
woul In disisiput Aningrica Zi&togtam 500 (EIG 5),0)= 256x Thepxepolticnhef thehpnt

| um nance, and is calculated using the following formula: |, where
GWeﬂlhealeﬁhﬁsfbhﬁfunomomﬁlueshatedandﬂG 9al ue of 1 through x-1, wherein x
equals 1-32, and | represents the nunber of intensity values in the input

| um nance histogramIn the input |um nance hi st ogram 510 (FIG 5), | 256.

f o RAF00, BieieRiondy 6phpfal, MERSn tinet AR HhAAST, bt prtiabisted], T
50. Rt pE IR RShE AR LTBR S Pff&sf??%“aﬁe%ach HEARSLAL DAL 2R =P
lum mmta&'éaeﬁ of hd256 &u%%glumﬁlﬁﬁé vaned (& g”@UHSD ise@shgwearasﬁ&{-mméa&nct ion

val ue. The non-linear tra rmfunction is then applied to the | um nance

| nt epginsforiefuiRtioffvalie Bl@RoRiNehS tranffotinl fagclidieis thedappliegddo thepr esent ed
in the input |um nance histogram 510 (FIG 5). The application of the

non- kurhéeince ivtensioy afies of theedge pixelsaﬂPmnﬁeg thed ingupiniegs reprseriteddnt he
I nput image results in electrical signals that can be represented by an
out ptie inpruit hamirearttedtistggeam 500 QFIG.15).uShe applicatmﬂ-‘cbf(ﬁhe hon-lisear ttamsforat ed,
t he out put |um nance hi stogram 1010 is a "stretched" histogram

function to the edge defining pixels capturing the input image results in electrical

signals that can be represented by an output luminance histogram 1010, illustrated in

FIG. 11. Asillustrated, the output luminance histogram 1010 is a “stretched” histogram.

It should be noted that the generation of the output luminance histogram 1010 is only a

representation of the processing of the electrical signals output by the edge defining

pixels. The output luminance histogram 1010 only illustrates the processed grouping of

the edge defining pixels having corresponding luminance intensity values.

[0042] The method 300 concludes by outputting an output itnage (step 365)., as
discussed above. The output image is based on the processed electrical signals from the
edge defining pixels, and electrical signals output by pixels not recognized as having
edges, that, when combined, capture the full input image 410 (FIG. 4). The output
image has clearer edges, thereby appearing to have enhanced contrast, without
adversely affecting the visual quality of the image. The output image also has richer

detail in over-developed and under-developed input images.

[0043]  Itshould be noted that the application of the non-linear function does not
need to be performed on every luminance intensity value (e.g., 0-255), but could be

applied to just a range of luminance intensity values. For example, the non-linear

12



It should be noted that the generation of the output |um nance histogram
1010 is only a representation of the processing of the electrical signals
out put bywbheosadgm7def i ni ng pi xel s. The out put | um nancechitst@gnarmud 010
only illustrates the processed grouping of the edge defining pixels having
correspondi ng | um nance intensity values. [0042] The nmethod 300 concl udes
by outputting an output inage (step 365), as di scussed above. The out put

| Mg quhstidiReftibeapplied B poebhdt ﬂea@wggﬁaédaé dard pixeIsqangt, pixelsibavivegfd ni ng

pi xel s, and el ectrical signals output by pixels not recogni zed as having

edgeguniihakce iIWReRItY FaRi6fD-128)ptherebyt deanfging therlpmtinanegintdisity(Fel®s df . The
out put i mage has clearer edges, thereby appearing to have enhanced

cont rthe Uark\lpbmmdﬁd Saniietly, thefrentlimer faectiorsceal bejapplied topixels¢hatarge. The
out put imge also has richer detail in over-devel oped and under-devel oped

i nputrecogrdesd a§ BAGR] pixelsy(bgupixdlehavingh iminaneeirdemdifycealite of 829-25%);
non-1inear function does not need to be performed on every |um nance

i nt erthetepy\chingingethg luminag®e)intepsity velues of thebrghtpixels gnli: Ther ange of

| um nance intensity values, For exanple, the non-ljinearfunction can be

app! iapplicatipn péthe nomdingarfunstion te dark pixelsanly or beight pixels onlyihasithe havi ng a
| um nance intensity value of 0-128); thereby changing the | um nance

i nt ersémeeffest pbenhyincingthegantyaskef 4 PragegseddMagear [y, the non-| i near
function can be applied to pixels that are recogni zed as bright pixels
(e.g., pixels having a |um nance intensity value of 129-255); thereby
chanqoost]t he Althouphinge invéretivn hys beehubsscibed hdttbrdsphet tpiddst pravebsing The
application of the non-linear function to dark pixels only or bright pixels
onl y (hesaltitieirs266eluafihante infteresityavatiier), thednventioraistnafsodimiteteBered i mage.
[0044] Al though the invention has been described with respect to 8 bit

pr oc examyde, 12 bit, 16 bit, and other bit processing may also be used which would entail a

higher range of luminance intensity values.

[0045]  FIG. 12 illustrates a processor-based system 1100 including an imaging
device 1108, which may include an imager die 10 (FIG. 1), utilizing the method of
processing an image in accordance with the invention. The processor-based system
1100 is exemplary of a system having digital circuits that could include image sensor
devices. Without being limiting, such a system could include a computer system,
camera system, scanner, machine vision, vehicle navigation, video phone, surveillance
system, auto focus system, star tracker system, motion detection system, image

stabilization system, and data compression system.

[0046]  The processor-based system 1100, for example a camera system, generally
comprises a central processing unit (CPU) 1102, such as a microprocessor, that
communicates with an input/output (I/O) device 1106 over a bus 1104. Imaging device
1108 also communicateé with the CPU 1102 over the bus 1104, and may include the
imager die 10 discussed above with respect to FIG. 1. The prc}cesspr-based system 1100

also includes random access memory (RAM) 1110, and can include removable memory
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(resulting in 256 |um nance intensity values), the invention is not so
limted. For exanple, 12 bit, 16 bit, and other bit processing nay al so be
used whi olhowoessidemnt ai | a hi gher range of | uni nance i nt easiusyoosaboies.

[0045] FIG 12 illustrates a processor-based system 1100 i ncludi ng an

I magi ng device 1108, which may include an inmager die 10 (FIG 1), utilizing
the nmethod of processing an inage in accordance with the invention. The
proc ra hich 2836560 i@kesnith ' b Leal

ci rcﬁlﬁflg’st atsd%glgﬁ?{?ﬁﬁg%m&mge sen@?ﬁl}r{u%fg/i cesﬁ%?%? e?‘ﬁgi imting,

such ﬁO&)’ﬁhﬁgirn{fgoc}H\Hcé Pﬁistfﬂsy Be COMYIHE] withSd BFbceSIFEIRNSIH €PU, acAMIC"

machi ne vi sion,” vehicle navi gation, video phone, surveillance system auto

f 0CUSsig R BLesSb2 br MiRfIpFbc&E6E, With @Mﬂ%&%@ﬁé%ﬁoﬁd&@&m singRge
stabi|Tzation system and data conpression syste [ 0046] The

pr oc affirafed@dusticiiona diffdent eiip %M«fﬁ@c@@@.r Ang)\CTitREmEROSS stblage
conprises a central processing unit (CP 1102, such as a m croprocessor,
t hat desfidadrinelaé procebdor-tried Bpstemoli00would store sisfrivare fbi @mplugingahbus 1104.
| magi ng devi ce 1108 al so communi cates with the CPU 1102 over the bus 1104,
and rabpvertdsadleed hrethodiger di e 10 di scussed above with respect to FIG 1.
The processor-based system 1100 al so i ncl udes random access nenory (RAM
1110, and can include renovabl e nmenoryl1115, such as flash nenory, which

al so ni | s GV : IR dayi 8 may
be cc!ﬁg%d \?VI?‘ {e?g&g&%@??ggﬂgéﬂ rﬁ%d‘?ﬁ%?g%ﬁ‘gﬁcﬁ SI S’ %tﬁgr{éoggosc é%s? or

M CT QRIsERBEE Ahd illidtihtOd Wit PbienPB IOFIGS RO PRy DR cdndub@ithy tHeGtAplked
circuit or on a different chip than the processor. Any of t'he menory

st olr qﬁ;@cé*@?fh $ESr b thaEPR PI2S 6P by Rab eitbthis pRitedsb? QofitkhiflicatiAg viftef t ware for
enpl oyi ng the
system 1100. Although the invention has been described with particular application to

a grayscale histogram, it should be noted that the invention could be applied to
histograms of color imaées that may be taken in the form of individual histograms of
red, green, and blue channels, or three-dimensional histograms. It should alsq be noted
that although the invention has been described with respect to CMOS and CCD
imagers, the invention is not so limited. For example, the invention could be applied to

various types of imagers, such as scanners, copiers, and facsimile machines.

[0048]  The above description and drawings illustrate preferred embodiments which
achieve the objeéts, features, and advantages of the present invention. Although certain
advantages and preferred embodiments have been described above, those skilled in the
art will recognize that substitutions, additions, deletions, modifications and/or other
.changes may be made without departing from the spirit or scope of the invention.
Accordingly, the invention is not limited by the foregoing description but is only

limited by the scope of the appended claims.
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above-descri bed nethod. [0047] The processor for produci ng an output inmage
in accordance with the process described and illustrated with reference to
FI GS. 2- Momays/hesoconduct ed by the i mage processor 11 orclyustds/ogiRdh 1102,
or by yet another processor comrunicating with system 1100. Although the

i nvention has been described with particular application to a grayscal e

hi stogram it should be noted that the invention could be applied to

hi st ograns of col or images that nma@LA8VISaken in the form of individual

hi stogranms of red, green, and blue channels, or three-dinensional

hi stograms. It should al so be noted that although the invention has been
descri bed Whahis dsinest ad nevcii desite@@Dbe pagtected binkettersdtaterdrofithe not so
limted. For exanple, the invention could be applied to various types of

i magepited Gtdtesmis: scanners, copiers, and facsimle machines. [0048] The
above description and drawings illustrate preferred enbodi nents which

achi eve the objects, features, and advant ages of the present i nventi on.

Al t hough certaiR ad been descri bed
9 1 ¢ e)(}%@ea)%ﬁogst%c&sﬁge ggnﬁrmg Y& be

above, those ski In the gni ze that su stitutions,
addi ti Qagapiehet i ons, nodifications and/ or other changes may be nade
w t hout departing fromthe spirit or scope of the invention. Accordingly,
the invention is not limted by the foregoing description but is only
l'imted byinphetisgsnia input incageiinena piket hialprotatidg pikat is clai med as new
and desired to be protected by Letters Patent of the United States is: 1. A
met hazhitpiit pignabsdwsivingg Ammirapoe intemsjgy valaes) met hod
executing an image edge detection routine on said pixel output
signals, said image edge detection routine detecting pixels defining an

image edge;

grouping said edge defining pixels into a predetermined plurality
of regions based on luminance intensity values of said edge defining

pixels;

using said grouping to define a non-linear transform function

operation over a range of luminance intensity values of said pixel array;

applying said non-linear ¢ransform function to luminance intensity

values of said edge defining pixels capturing said input image; and

using the edge defining pixels having the applied non-linear

transform function to produce an enhanced image from said input image.

2. The method of claim 1, wherein said edge detection

routine recognizes horizontal and vertical edges in said image.
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conprising: inputting said input inmage into a pixel array producing pixel
out put signals having |um nance intensity val ues; executing an inage edge
det ect i onwouid/ne30on sai d pi xel output signals, said i mege/vsd@s/os@Eu@€cti on
routi ne detecting pixels defining an i nage edge; grouping said edge
defining pixels into a predetermned plurality of regions based on

| um nance intensity values of said edge defining pixels; using said

grouping to defi3ne Theanethodedicldimad)s¥iwirdin daid bilge derefieai on over a range
of lum nance intensity values of said pixel array; applying said non-I|inear

t r ansf aromtiefatthenrécoghives 4band 136idegsed edgeslimesiddmagpel d edge defi ni ng
pi xel s capturing said input imge; and using the edge defining pixels
havi ng the applied non-linear transformfunction to produce an enhanced

i mage from said g ”p‘fheixﬁf&%d Slra.@glnf@fé}gﬁ‘d&d 941_?%2(#1, wherei n said edge

detection routiné recogni zes verti edges in said inmge. 3.

The ”eFlﬁﬁqn%flcé:ihg&%g%’vﬁ%@%@éﬂuﬁﬁﬂ&%‘?ﬁ%ﬁ&Qrf-ﬁl?é#tdfne further

recogni zes 45 an es I'n sald | nage- he met hod of claim1,
wher ei Mrfghthridadgik Pikels UM nance intensity values conprises |um nance
intensity values of" bright and dark pixels.

5. The method of claim 4, wherein said luminance

intensity values of said bright and dark pixels includes 0-255.

6. The method of claim 1, wherein said range of
" luminance intensity values comprises luminance intensity values of

dark pixels.

7. The method of claim 6, wherein said luminance

intensity values of said dark pixels includes 0-128. |

8.  The method of claim 1, wherein said range of
luminance intensity values comprises luminance intensity values of

bright pixels.

9. The method of claim 8, wherein said luminance

intensity values of said bright pixels includes 129-255.

10. The method of claim 1, wherein said predetermined

plurality of regions is 32.

i

11. The method of claim 10, wherein said 32 regions each

contains an equal number of luminance intensity values.
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5. The method of claim4, wherein said |um nance intensity values of said
bright and dark pixels includes 0-255. 6. The nethod of claim1, wherein
sai d rangsoabodazgdonance i ntensity val ues conprises | un pramas260808n30ty

val ues of dark pixels. 7. The nmethod of claim®6, wherein said | um nance
intensity values of said dark pixels includes 0-128. 8. The nethod of claim
1, wherein said range of |um nance i ntensity val ues conprises | um nance

intensity val uegyof F@ﬂ‘.‘ i g{aﬁ)ﬂz ?’l% @p8 wherein said
| um nance |nten2|tyT€é1 ue od bt br| glﬁt pi xel s | es 129-255. 10. The
met hod ehtfhe8 'lﬁrlaméﬁ'{%@h’i‘{eﬂs&@{k{gldééwet erm ned plurality of regions is 32.

11. The nmethod of claim10 erein said 32 regions each contains an equal
nunber of Iunlnance |nten5|ty values 12 The nethod of claim1ll, wherein
said 32 regions

eaﬁ%gs ce .inten y.val ue 13. The net hod
of claim10, whé e| of FRIR § gla‘?"flstﬁ?é ual number of
| um nance, |, ntenS|t va ueﬁ?r %é The rrat hod.of claiml1l, wherein the act of

appl yi f§% Eaé?%a%l'}ﬁe BHARRCEHATISHY SAIRSS ses:

14. The method of claim 1, wherein the act of applying

said non-linear transform function comprises:

assigning a contrast enhancement value to each of said

predetermined plurality of regions;
normalizing each of said assignéd contrast enhancement values;

generating a transform function for each of said normalized

contrast enhancement values; and

extrapolating said non-linear transform function from said

transform function.

15. The method of claim 14, wherein said contrast

enhancement value is assigned in accordance with the formula:

Cwx =« (Nx/Ntoml)y,

wherein a and y are empirical constants, Nx represents the number
of pixels in the corresponding region, and Nt represents the total

number of pixels.

16. The method of claim 15, wherein a equals 1 and y

equals 0.5.
17



assigning a contrast enhancenent value to each of said predeterm ned
plurality of regions; nornmalizing each of said assigned contrast
enhancenmend v@l26®; generating a transform function for peaats2@b/03@ise
normal i zed contrast enhancenent val ues; and extrapol ati ng said non-1linear
transformfunction fromsaid transformfunction. 15. The nethod of claim
14, wherein said _contrast enhancenent value is assigned in accordance with
the fornula: Cvil7= %Fhe methed of glajm 14wwhetsin afirsheegiomr e enpi ri cal
constants, Nx represents the nunber of pixels in the corresponding region,
and Nt JeBresenisradatikregiane saigidark segionbedig aisighed a qantraste met hod of clai m
15, wherein a equals 1 and g equals 0.5.17. The nethod of claim 14, wherein
a first® regRenrtyAlEe 8hds a dark region, said dark region being assigned a
contrast enhancenent value of 1. 18. The nmethod of claim 17, wherein a |ast
region represents a bright region, said bright region being assigned a
contrast enhanc@8enThy aldthodbf dairh97, whereirahast regiopl ai m 14, wherein said
normal i zi ng step

represents a bright region, said bright region being assigned a contrast

enhancement value of 1.

19. The method of claim 14, wherein said normalizing step

is performed in accordance with the formula:

Cw=cw/ sum (g),

wherein Cixrepresents an individual normalized contrast enhancement,
cwrepresents an individual contrast enhancement value assigned to each
of said predetermined number of regions, and ¢ represents the total of all
contrast enhancement values assigned to each of said predetermined

plurality of number of regions.

20. The method of claim 14, wherein said transform

function is generated in accordance with the formula:

f(x +1) = F(X) + Cvx,

wherein x represents an individual region, f represents a function
applied to each of said predetermined number of regions, F represents the
integration function for each of said predetermined number of region, and
Cw represents said normalized contrast enhancement value for said

region.
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is perfornmed in accordance with the fornula: wherein Cvx represents an

i ndi vidual normalized contrast enhancenent, Cvx represents an individual
contrast wohaswmesmnt val ue assigned to each of said pregetraspioseshinunber of
regions, and q represents the total of all contrast enhancenment val ues
assigned to each of said predetermned plurality of nunber of regions. 20.
The nmethod of claim 14, wherein said transformfunction is generated in

ethod of cl ai rein sai ction is generated in
epresents a f Rt | e O of URELE Wie R SR8 K ERBOIAN L anber of

represents a function ap 0 each o pre

regi ongtre%ﬁ%gﬁg{r%? ﬁ?a#&&?dérﬁe%ftﬂm@fbrﬁﬂﬂ&“ on for each of said

pr edet er of region, a Cvx represents said normalized contrast
enhancenent value for said region.21. The nmethod of claim 14, wherein said

extrapol ation step is cal cul atéd n a Oroglﬁ'gf’ﬁ with the formula: wherein, F
represents a function, Yr epﬁYe’s nt & nidh ;Y intensity levels of said

i nput | um nance histogram G represents the normalized contrast enhancenent

et cent SRR deb Been e RO Coareah AT el dent o ¢ ne
vt ovstiof el RistaluRffahte i Soeten ChdiResBRtnbloaREY | i VLl
| nteashinist hahc @SR difleS AlErA Vo' Ath of BRIA" 58RI mined

number of regions, Z represents a number of intensity levels divided by P,

P represents the number of predetermined number of regions, and Ox =

- sum (Cwm) * I, wherein Cu represents the assigned contrast enhancement
value of an individual intensity level added to each contrast enhancement
value of a preceding individual intensity, and I represents the number of

intensity values in said input luminance hiétogram.

22. An apparatus for processing an image, said apparatus

comprising:

a programmed processor, said programmed processor

executing the steps of:

inputting said input image into a pixel array producing pixel

output signals having luminance intensity values;

executing an image edge detection routine, said image edge

detection routine detecting pixels defining an image edge;

grouping said edge defining pixels into a predetermined
plurality of regions based on luminance intensity values of said

edge defining pixels;
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val ue of a preceding individual intensity, and | represents the nunber of
intensity values in said input |um nance histogram 22. An apparatus for
processi ngoanog/orede, sai d apparatus conprising: a prograumas2@s08@Essor
sai d programmed processor executing the steps of: inputting said input
image into a pixel array producing pixel output signals having | um nance
intensity val ues; executing an i mage edge detection routine, said inage

edge detecti on using sdid gietipitig todldfineal orvtihedr thgnsforhnage edge; groupi ng
said edge defining pixels into a predeterm ned plurality of regions based
on | uni narfanctior epefatipnuaier asange sfluiniedgee ihaénsitynealpesef s; usi ng sai d
grouping to define a non-linear transform function operation over a range
of | um namsaid pixebarmrayy val ues of said pixel array; applying said non-Ilinear
transformfunction to | um nance intensity values of said edge defining
pi xel s capturing said input inmage; and using the edge defining pixels
havi ng t he applapplyingsald neadineantrsheformffunctioroto lumimandeice an enhanced
i mge fromsaid i nput imge.

intensity values of said edge defining pixels capturing said input

image; and

using the edge defining pixels having the applied non-linear
transform function to produce an enhanced image from said input

image.

23. The apparatus according to claim 22, wherein said
edge detection routine executed by said apparatus recognizes

horizontal and vertical edges in said image.

24. The apparatus according to claim 23, wherein said
edge detection routine executed by said apparatus further recognizes 45

and 135 degree edges in said image.

25. The apparatus according to claim 22, wherein said
range of luminance intensity values comprises luminance intensity

values of bright and dark pixels.

26. The apparatus according to claim 25, wherein said
luminance intensity values of said bright and dark pixels includes

0-255.
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23. The apparatus according to claim22, wherein said edge detection
routine executed by said apparatus recogni zes horizontal and vertical edges
in said iwegeos/24307The apparatus according to cl ai m 23, polrarsessosaise edge
detection routine executed by said apparatus further recognizes 45 and 135
degree edges in said inmage. 25. The apparatus according to claim 22,
wherein said range of |um nance intensity val ues conprises | um nance

i ntensity val uegrof i ' . D X€E . ratus according to
claim 25, wher eia% s:'glﬁé aﬁﬁ%ﬁagg%ggc%élt"gneéi({@mv%%}%s&gpaﬁ@q bright and dark
pi xel s ffaﬂgéﬂflﬁﬁnﬂia%%g}@énsi @alﬁ%&’%ﬁ PiRef el E&h&@n&lj‘! m 22, wherein said
range of Pum nance | ntensi val'ues conprises lumnanc€ intensity val ues of
dark piggl pparatus according to claim 27, wherein said

| um nance iénct)fg&r?asﬂkty (\e/lg'l ues of said dark pixels includes 0-128. 29. The
apparatus according to claim 22, wherein said range of |um nance intensity

val ues conprises | ug nance intensity values of bright pixels. 30. The
appar at us accor dBng %aEPaﬁ'afW%Q‘?C%’@t‘o’eterT@H} WRETRENRAd | nt ensity val ues of

sai d br]{,_gﬁltq (lzexnexltésnsgtr}]rcxla tgeesso szalgci 3?& pixels includes 0-128.

© 29. The apparatus according to claim 22, wherein said
range of luminance intensity values comprises luminance intensity

values of bright pixels.

30. The apparatus according to claim 29, wherein said

luminance intensity values of said bright pixels includes 129-255.

31. The apparatus according to claim 22, wherein said

predetermined plurality of regions is 32.

32. The apparatus according to claim 31, wherein said 32

regions each contains an equal number of luminance intensity values.

33. The apparatus according to claim 32, wherein said 32

regions each contains 8 luminance intensity values.

34. The apparatus according to claim 22, wherein the act

of applying said non-linear transform function comprises:

assigning a contrast enhancement value to each of said

predetermined plurality of regions;

normalizing each of said assigned contrast enhancement values;
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31. The apparatus according to claim 22, wherein said predeterm ned
plurality of regions is 32. 32. The apparatus according to claim 31,
wher ei n swpdo@A26mgi ons each contains an equal nunber ofchwstwans®40
intensity values. 33. The apparatus according to claim32, wherein said 32
regi ons each contains 8 Ium nance intensity values. 34. The appar atus
according to claim22, wherein the act of applying said non-1linear

t r ansf or mdeneedtirgha e@nBforiefincHoh fanédt of saidhhsmgilidhancenent val ue to
each of sald predetermi ned plurality of regions; normalizing each of said

assi goatrasbaihasemenbaalieseiid val ues; generating a transform function for
each of said nornmalized contrast enhancenent val ues; and extrapol ating said
non-1linear transformfunction from-said transformfunction. 35. The

appar at us extrapoliiting sadd cbatlinedd frankformi funetiod frantsaist enhancenent val ue is
assigned in accordance with the formula: Cvx = a (N*/Ntotai)r, wherein a
and dransfomnfiunéteml. constants, Nx represents the nunber of pixels in the
correspondi ng region, and Ntotai represents the total nunber of pixels. 36.
The apparatus according to claim 34, wherein a first

35. The apparatus according to claim 34, wherein said

contrast enhancement value is assigned in accordance with the formula:

cvx = A (Nx/Nota)?,

wherein a and y are empirical constants, Nx represents the number
of pixels in the corresponding region, and Nt represents the total

number of pixels.

36. The apparatus according to claim 34, wherein a first
region represents a dark region, said apparatus further executing the

step of assigning a contrast enhancement value of 1 to said dark region.

37. The apparatus according to claim 36, wherein a last
region represents a bright region, said apparatus further executing the
step of assigning a contrast enhancement value of 1 to said bright

region.

38. The apparafus according to claim 34, wherein said

normalizing step is performed in accordance with the formula:
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region represents a dark region, said apparatus further executing the step
of assigning a contrast enhancenent value of 1 to said dark region. 37. The
appar at usweeoeewdszng to claim 36, wherein a | ast regi on repnss@siosoiao bri ght
region, said apparatus further executing the step of assigning a contrast
enhancenment value of 1 to said bright region. 38. The apparatus according
to claim 34, wherein said nornmalizing step is perfornmed in accordance with
the fornul a:wherein Cvx represefhsSc@Nsuiqé)i dual normalized contrast
enhancenment, Cvx represents an individual contrast enhancement val ue
assigned to each of said predeterm ned nunber of regions, and q represents
t he twhereiroCwabpresentsranihderidaalosorentlized coatrasisaitgmeement each of sai d
predeterm ned plurality of nunber of regions. 39. The apparatus according
t o cleairepféentstaer inidividaabedriteass énhandenterit value sssigtedtateach i n accor dance
with the formula: f(x +l) =F(x) +G, wherein f represents a function

appl i0édaidpredeternfinedinunybres o regions) eadryrdpresents thegiotalof alf r epr esent s t he
i ntegration function for each of said predeternm ned nunber of region, and
Cvx cepwrastenhansemgntvaligs pssignesbie eagbiof saidopredatenmined ue. 40. The

appar atus,_according to claim34, wherein said extrapolation step is

cal ciPluadify phngather @4regions-t h the for nul a:

39. The apparatus according to claim 34, wherein said

transform function is generated in accordance with the formula:

f(x +1) = F(x) + Cux,

wherein f represents a function applied to each of said
predetermined number of regions, F represents the integration function
for each of said predetermined number of region, and Cw represents said

normalized contrast enhancement value.

40. The apparatus according to claim 34, wherein said

“extrapolation step is calculated in accordance with the formula:

Fy=0x+Cn * (Y mod Z)*P,

wherein, F represents a function, Y represents individual intensity
levels of said input luminance histogram, Cw represents the normalized
contrast enhancement values assigned to.each of said predetermined
number of regions, Z represents a number of intensity levels divided by P,
P represents the number of predetermined number of regions, and Ox =
sum (Cwm) * I, wherein Cwm represents the assigned contrast enhancement

value of an individual intensity level added to each contrast enhancement
23 .



Fg = Cc+ Cvc* (Y iriod 2)*P, wherein, F represents a function, Yrepresents
individual intensity levels of said input |um nance hi stogram Cvx

r epr esentwotbes/nesomal i zed contrast enhancenent val ues agsirgiseehstogoieach of
sai d predeterm ned nunber of regions, Z represents a nunber of intensity

| evel s divided by P, P represents the nunber of predeterm ned nunber of
regions, and Ox = sum (CM |, wherein CMepresents the assigned contrast

enha ' irfef i idadi i _ hid B RS 0 each contrast
RRBIEHH a gf&lfgagg individasl *ﬁd?\% dﬂegslrb;yedt@uﬁé néfBef of

enhancenent v a precedin intensity, and | represents the

nunbentedbity VaRRSHfiswicd HpiR 1@issaicd Higtbg#arh Ui nance hi stogram 41. An
apparatus for processing an inmage, salrd apparatus conprising a conputer

readabl e storage nedi um having a program for grocessi ng an i mge, sai dI
: ! o ori A O it .

gii%i??ggéﬁg%b%it eaétﬁfe’ gls;tgci?r I Q?Fu st: r]e 131%ai I |nma elfﬁ :nlzit chlliailﬁ)ég;

routiné g?%éﬁgg%"%g‘g%sl%gé ﬁisﬁ%agﬁﬂ}elgﬁ% l-gegaxgg ad’rrggfﬁrﬂ sai d edge

def i ni I X (P a £l I ! f regions based on

| um naﬁg%&sﬁﬁg%&%%%fﬁéygé safgg%églgq%gfslteﬁér?g' pi xel s; assigning contrast

enhancenent values to each of said predetermned plurality of regions;
inputting said input image into a pixel array producing pixel

output signals having luminance intensity values;

executing an image edge detection routine, said image edge

detection routine detecting pixels defining an image edge;

grouping said edge defining pixels into a predetermined plurality
of regions based on luminance intensity values of said edge defining

pixels;

assigning contrast enhancement values to each of said

predetermined plurality of regions;
normalizing said contrast enhancement values;

generating a transform function based on said normalized contrast

enhancement values;

extrapolating a non-linear transform function based on said

transform function;

applying said non-linear transform function to luminance intensity

values of said edge defining pixels capturing said ‘input image; and
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normal i zi ng said contrast enhancenent val ues; generating a transform
function based on said normalized contrast enhancenent val ues;

ext r apol avongoe268n- | i near transform function based on gairdsteoansdias m
function; applying said non-linear transformfunction to | um nance
intensity values of said edge defining pixels capturing said input inmage;
andusi ng the edge defining pixels having the applied non-linear transform

LEC?EL?“SE#H%%ééff@ame”ha%?ﬁphe _ ia”@ﬁjﬁgf\f %ﬂ‘pﬁ?ﬁpﬁ?ﬁ-_@tﬁ%i for | néﬁli ting an>
|t oxrBlptol kB B Riubs 87 YahaeP) ifes HOR S EIARIRaRE 0 e cgos of <ai o

i nput inmage; a nmeans for grouping said edge defining pixels into a
predeterm ned plurality of regions based on |um nance intensity val ues of
sai d edge defi nthg Ahimiagingadeniem saidoimaging glevicg coampyifingist enhancenent
val ue to each of said predeternined plurality of regions. a nmeans for
normal i zi ng sai d contrast enhancement val ues; a neans for generating a

t r ansf or maRdRpYt Byeapa ferinpHting an HBAgRIN aPReRFAPraiiiiE enent  val ues;

pixel output signals having luminance intensity values;

a means for detecting pixels defining image edges of said input

image;

a means for grouping said edge defining pixels into a
predetermined plurality of regions based on luminance intensity values of

said edge defining pixels;

a means for assigning a contrast enhancement value to each of said

predetermined plurality of regions.
a means for normalizing said contrast enhancement values;

a means for generating a transform function based on said

normalized contrast enhancement values;

a means for extrapolating a non-linear transform function based on

said transform function;

a means for applying said non-linear transform function to
luminance intensity values of said edge defining pixels capturing said

input image; and

using the edge defining pixels having the applied non-linear
transform function to produce an enhanced image from said input image.

25



a neans for extrapolating a non-linear transformfunction based on said
transform function; a nmeans for applying said non-linear transform function
to | um nawoeosdnhesnsi ty val ues of said edge defining pi xecs/usapisesing said

i nput inmage; and using the edge defining pixels having the applied
non-linear transformfunction to produce an enhanced i mage from sai d i nput

i mage. 43. A processor system conprising an i nage processing device

conprising; ap gr ??1‘1 rogranmed processor executing the
steps of: input dégg?%s%&&%§ ge ?nga pi xel array producing pixel
out put signals haV| ng lum nance intensity values; executing an inmge edge

det ection r0”51’1ﬁﬁagégwceisgfﬁg%em%ﬂ?rﬁgﬁg%m routine detecting pixels
e, gr [

defining an inmage odpi ng sa defining pixels into a
predeterm ned plurality of regions based on |unminance intensity values of

sai d edge defining $ambd Sce%%xdsﬂﬂ Bgfiinireddsiocagod non-1 i near
transform functi onagkégﬂatl on er a ranggﬁo | um nance intensity

executing the steps of:

inputting said input image into a pixel array
producing pixel output signals having luminance intensity

values;

executing an image edge detection routine, said
image edge detection routine detecting pixels defining an

image edge;

grouping said edge defining pixels into a
predetermined plurality of regions based on luminance

intensity values of said edge defining pixels;

using said grouping to define a non-linear transform
function operation over a range of luminance intensity

values of said pixel array;

applying said non-linear transform function to
luminance intensity values of said edge defining pixels

capturing said input image; and

using the edge defining pixels having the applied
non-linear transform function to produce an enhanced

image from said input image.
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val ues of said pixel array; applying said non-linear transformfunction to

| um nance intensity values of said edge defining pixels capturing said

i nput i neage;20@nde3esi ng t he edge defining pi xel s havi ng troe/@p@sioss 4o
non-linear transformfunction to produce an enhanced i mage from sai d i nput

i mge. 44. The system of claim43, wherein said i nage processing device is a
conpl enentary netal oxide sem conductor inmager. 45. The system of claim 43,
wherein said i _g fﬁmﬁ@‘f&w&” q%’ni&ifv.}l?er@in%?d gﬁagéégp(g&gs]ﬂ vice. 46. The

systemof claim el'n sai d | "age processin vice of claim43 is a

digital (=] ’ ' : Ig,h,' R }égﬁ%rﬁd sai d i mage processing
devi ce dgg%gllg?%oﬁlfﬁyégtﬁ?sl% eldrgrgc I r?g‘.%lui : gég'yst em of claim 43,

wherein said i mage processing device of claim43 is a scanner.

45. The system of claim 43, wherein said image processing

device is a charge-coupled-device.

46. The system of claim 43, wherein said image processing

device of claim 43 is a digital copier.

47. The system of claim 43, wherein said image processing

device of claim 43 is a facsimile machine.

48. The system of claim 43, wherein said image processing

device of claim 43 is a scanner.
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