_WO 2006/ 026307 PCT/ US2005/ 030140 APPARATUS AND METHOD FOR PROCESSI NG | MAGES
*FIELD OF THE | NVENTI ON [ 0001] The present invention relates to an apparatus
and met hoMORM6/Be8Zessing digital inmages to enhance t hRCTmIS2Q080301af t he
-1 mage. BACKGROUND OF THE | NVENTI ON [0002] Integrated circuits, including
di-es, for exanple, imger dies such as charge- coupled-devices (CCD) and

conpl enentary MIIEQ W commonl y been
used in inage reproductton applircations. k?&@gﬁ?@&mgﬁs such as the

CMOS i mager 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 recall egyq ?}%: VERITIEY ! ce such as, for exanple, a
processor. The electrical signals that are stored nay be recalled to
produce an image on, for exanple, a conputer screen or a printable media.
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detailed” descriptions of the functions  bf variou f an

|”Bgldlgltﬁlllm‘dge% t@@ﬁhaﬁ@%elcbﬁ&asff&rmem in US. Patent Nos. 6,140, 630;
6, 376, 868 310, 366; 6, 326, 652; 6, 204, 24 6, 333, 205 each of -whi ch bei ng

assigned to Mcron Technol ogy, Inc The disclosures of each of the

forgoing patents are h@AGKGROUNDOREHEMNVERNFIOGNce in their entirety.
[0005] FIG 1 illustrates a block diagram of an imger die 10, having a
CMOS i mager device 8. The CMOS i namger device has a pi xel array 14 that

; i ned nunb f
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coupled-devmes (CCD) and complementary mnetal oxide semiconductor (CMOS) dies,

have commonly been used in image 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.

[(.)004]. | Exemplary CMOS imaging circuits, processing steps thereof, and detailed
descriptiens of the functions of Qarious 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
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*PCTI US2005/ 030140 each row in pixel array 14 are all turned on at the sane
time by aWOIMOYR6EEt |ine, and the pixel cells of each REGI/USPAOHN3L140

-sel ectively output by respective colum select lines. A plurality of rows
and colum lines are provided for. the entire pixel array 14. The row I|ines

are s cll .aetivated in,.sequence by the rowdriver 1 in response to
ow - it B bRTanty e ATt ot tbessia e by.a tow evlect lin and

activ | ence for each . row activatjon by the colum driver 3 in
res poﬁ{seggi[xgp%%ﬁg)kaé% 8?@”5’%“ G’@&?&%ﬁvﬁg’ output Regtiye colwenn selegt liresoper at ed
by th i ' Lch contrp ddress, decoders 2, 4 for

sel ecF 1.‘%31}%@ %’%ﬁgr %E# %%@mmﬁﬂf%?fﬁ H?Sﬂfjrf'ﬁ éf entye pixelarrapiolihe ramd  r ow
and ¢ ' ' ' .1, 3 to.,apply driving voltage to the drive

tr ans%%%gr}se %ge\éﬁt(’ ﬁf«y %nggé‘{&ég S’FSHF%??ob}EBT%‘H‘i" ﬂf‘ﬁ%’gl ) IRSPORSETHErgw xel out put
Si gnaddd ek} ' e ' et _sigpal. Wt taken froma charge -
st or agidﬁrﬁgggﬁdee% 2| ét}{:dl gﬁrcé) Z%@h)agﬁifcgﬁlSﬁ(ﬁe S?R&ﬁbge iAFHY Pte'&. Ingeqrence fos t aken

f r om edch&o% QEHRER : enerat eq: by, an i e aje transferred
to the node.  The d\?/l:?tgsﬁ'étlﬁ:'fd"t@'rl ‘E’%‘@‘?‘Sﬁ%@‘%ﬁ%&}%ﬁa °§9‘1’&“s’gﬁg¢% ‘{ﬂﬁﬁdmﬁ-d

ci r cUllie EMOE idafef HBYica Rl ' i | i,f.i.er 7, which produces
a di ffeer ence si Sggl lEl(m\'/llt@t8 l€ b/‘ gt)@c%%fﬁgéﬁln%&?)%m@gpwm%@ﬁdﬁéﬂﬂéﬁm s the
anmourdecotdets 2)1¥ forr SplebGh# th ' | | g [fference js
digitized by an anal og-?o-%&ﬁ@rﬁgﬁé}gﬁg%g. I%géglf I%It“?“z{e aﬁpgépnd :

di f f evownand sohmah siriveg circhitry 1,0dt IrfRSE or,m a digital
i mage. In addition, as depicted inéprﬁ & 1, yﬁfg&% |en(%%‘é%88®f’t8’és%fdnay be
i ncl thegelented mivnghd cohmndindsict or chip to formthe i mager die 10. The

| mager die 10 can be included in a nunber of inmage reproduction
applications, including, but not limted to, caneras, personal digital

[0006]  The pixel output signals typically include a pixel reset signal Vi taken from a

‘charge storage node when it is reset and a pixel image signal Vg, which is taken from
the storage node after charges generated by an image are transferred to the hode. The

- Vit and Vg signals are read by a sample and hold circuit 6 and are sub&aded by a
differential amplifier 7, which produces a difference signal (Vs — 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 dﬁp to
form the imager die 10. The imager die 10 can be included in a number of image
reproduction applications, including, but not limited to, carﬁeras, personal digital
assistants (PDAs), scanners, facsimile machines, and copiers.

[0007] Users often desire to see images full of contrast in image reproduction
- gpplicaﬁons, such as, for example, a photograph. Such_images are \}isuaﬂy pléasin'g
.'_because_..they look lively, clear and have lots of details. Kn_own.meth.ods 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 inmage reproduction

appl i cat momsgoemea3tr as, for exanple, a photograph. Such pPaEUSE®0030140i Sual | y
:pl easing because they | ook lively, dear and have lots of details. Known
met hods for contrast inprovenent include nodifying transfer function
("s-curve"), contrast stretching, 2 WO 2006/ 026307 PCT/ US2005/ 030140

hi st hiptegragueqhdlization)and athplifping iirigancedonapetertO FASK fitithodRadits et hod has
its own drawbacks, which may result in poor i1nage quality. [0008]

Ac coodinnditawbdcks vehich mayl essulEingysbriigage iqualipr.ocessi ng an i mage to increase
the contrast of the inmge, w thout adversely affecting the visual quality
of the image. BRIEF SUMVARY OF THE | NVENTI ON [ 0009] The present invention

I : t hod f ' ' .. '. Specifically,
one. 08T ar o B e PER Y B A LR R Pib PG todnTRRtRuge | nt o
: : : el : ti : q
Get ol sttt oP A HEldREwRIoRs aBbRly, SR e BT HRBoRl e BER8S et 1 i no
an image edge, grouping the edge defining pixels into a predeterm ned

plurality of regions B@@SMWWW@I\YM ues of the edge
defining pixels, using the grouping to define a non-linear transform

function operation over a range of |lum nance intensity values of the edge
defi pj pi xel s, applying . the non-linear transformfunction to | um nance

i nt eﬂ@?l/ valebres ngﬁantrﬁlét%aé TRethod; asryis APRURSISQY PrressiBg aBpl i ed
non-Jinear. transformfunctjon t roduce, an enhanced i nage fromthe input
A PRy P eXOIATE sbsRERREE S it B G riEs BRI e
pr OCﬁﬁigJ inttcr)1 aatpixeelxa?'?a%rt ﬁfo&u@ngnsfxré?gut%% %{g'nl%fq e%le)cq}/tlerig 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 tfans_form function operation over a range of luminance intensity values of
the edge defining pixels, applying the non-linear transform function to lJuminance
intensify values, and using the edge defining pixels having the applied non-linear

: ﬁaﬁsfom 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 dearly wunderstood fromthe follow ng detail ed
descri pt i WP 200#026807 s provi ded with reference to the acROHPs2095/68y149r aWi NgS
:in which: [0011] FIG1 illustrates a bl ock diagramof a CMOS:imager die; 3

WO 2006/ 026307 PCT/ US2005/ 030140 [0012] FIG 2 is a flowhart illustrating
| mage in_ accordance with an exenplary

a net f SSi an i nput :

enbodm%f ofﬁﬁglﬁﬂ%’«&m trating pimethed; of processing am inpyt-inage ini ew of a
porti the EIG 1 pixel aryay, 0014] .FIG _ 4 illustrates the
const?@?@%&ﬂ%ﬁ“@éﬁg‘ﬁwﬁm ﬂgwkr%ﬁbe%@% accordance with an
exenpl ary enbodi nent of the invention; [0015] FIG 5 illustrates an input

| um nance hi stogram representing any edge pixels; [0016] FIG 6

i 11 usl0PBles FICodtllustratesh top-elownt vi@vvpofca)gefuimbﬁd\é FIG?Q&QJ&Q W th an
exenpl ary enbodi ment of the invention; [0017] FIG 7 illdstrates’a
normal i zed contrast enhancenent map constructed in accordance with an

: : Do m . .

Cranavord, 7iad ERilettded 8 CAUGILEGN of WY BAES P frothen b ubiBiagedny

e”bo‘ﬁcﬂﬁfﬁaﬂééwﬁﬁ?aﬁﬂﬁﬁ?ﬂsﬁ!giaﬁﬁ&ﬁ&e@ﬁhegwghgﬁ rates the extrapol ati on of
orm fun D

a non-linear transf tiron na rom 10 transform function
map constructed in accordance with an exenplary enbodi nent of the

i nvenhhan; | 0l . .FIG 10 i|lustrates a _non-linear transformfunction nmap
constrtbf&ﬁ]ed e %9@%% R leminanaehistogramirepresenting any ledge pieils;i on;

.[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 cdnstructed in

accordance with an exemplary embodiment of the inventiori;

[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 histo.gfan.l.constr.uc.ted in acéor‘dahce

with an exemplary embodiment of the invention; and



.[0021] FIG 11 illustrates an output |um nance hi stogram constructed in
accordance with an exenplary enbodi nent of the invention; and 4 WO
2006/ 0268a¥200a¥26362005/ 030140 [0022] FIG 12 illustrat el!I:HUSdoosmoddoagram of
.a processor-based systemconstructed in accordance with an exenpl ary
enbodi nent of the invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0023]
In the follow ng detail ed description, reference is nmade to the

accof0eaByi naFIGIlingwatesAbidkid dihgiain bRk proeéRor bakd SRR Qﬁgnyt@%ctg{i n.o

il1lustration specific enbodinments in which the inve

Thesaccordiatde®ithsareéemplase émbedinéntofi the eweditionet ai | to enabl e those
skilled in the art to practice the invention, and it is to be understood

t hat ot her enbodi nents may be utilized, and that struct ural, logical, and

el ectrical changesDﬁSAMD@ESCMP’DI@N@EMINﬁENH@Nhe spirit and scope
of the present invention. The progression of processing steps described is
exenpl ary of enbodi nents of the invention; however, the sequence of steps

iﬁg“g’oﬁl' e dollffing Bbiiled %%"%%%eﬂ PR ﬁ%@&giﬂ?ﬁ%ﬁﬁp%@ﬁ%ﬁbﬁn‘ "
Sésf‘éﬁlg‘{@%ﬂh@ﬁm?aﬂ"%a&ﬁ 2B 3 oL atient SpERhR L 00 et of '
et N b3RineA s APRRR iirfbenflblinid) pd g@&eﬂc&a ARG 6&%&&95&@“ of the

i mage. Met hod 300 may be pertorne y an | mage processor, e.g., Inage
pr ocdeseeibed In Ghiffiziertd detfil tG8Nablé BSseRKALREFOthe aft & prafhi& th@'th ﬁ@é%t o the
In

i mger die 10, programmed to performthe follow ng steps I npu
| magend itie fo Bé Yndeestosd that®ther @ABGIiiRS ma3bé QUL ahd!tRRt rdl oupi ng

edge defining pixels into a predeternmined plurality of groups based on the
| uni logivat, arel elestrizhl eetiges may be made without departing from the spirit and scope
of the present invention. The progression of processing stebs 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), la’pplying 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

“lum nance val ues of each edge defining pixel based on their initial

| um nanceWPRNER6303t ep 355), and outputting an i mage (PCIUSAGBEJ0301dhe St eps
.of the nethod 300 are discussed in further detail below. 5 WO 2006/ 026307
PCT/ US2005/ 030140 [ 0025] One enbodi nent of the first step 310 of the nethod
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i mger die 10 (FIG 1), having pixels 171-179. Each pixel of the pixel
or

109281 . Roagdisinp faves i 2o1h Hosizonfe apdiiesicaliges, a knoogin the027]
cdge el s AlRelin Gy kouiacs Clend hia deptomediges os WelleThetadgenbtic. | n
(a; AL Ae8ae Sfpicany"aSpctediv i, £ yirer pl il s pamaplni M. Mikiastmtesny of
oi xef o Repfn, At ofa bhkad 8 it WG Dol alfnpiiag dsmcsos gnot have a
lum RS die46 Qﬁéﬁ)}’ﬁéﬁﬁg%ﬂéﬁ f'/i’ﬁi'%.t@acij\elgiixgle ofatﬂe%‘i'gé’aéa@%,;e(’f:?éﬁ BEd pi xel

has an aissociated luminance intensity value, or luminosity, ranging from 0 to 255 for an

8 bit grayscale image.

[0027] Each 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 examinéd 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. K, 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 exani nation
(exam nedw@nooslo2a@Bdb) does define an edge, the exam nedpprxsiooddhiand any
.ot her adjacent pixels defining an edge can be processed further. In order
to. define an edge the difference in lumnosity values of adjacent bright

and i@%pi xlgié C{Iﬂlst exceed a predeterm ned threshold, which may.be a
progtdiftibl eFifay 28lustraies arvedgedefed hetwegsesaminsipisel 1 750a8] adjaent3
i1dustr tﬁ 39 e%e 263“ ped between exam ned pixel 175 and adjacent pixels
171, PeIs 145472,178, 176;177,%78, and 479 Towershceedgais definedibetereén ned bet ween

exam _ned. pi xel and pi x 74 becausge the difference in | um nance

i nt eﬁéi“?‘i:‘a?fg?’a‘sil;% a%geﬁwﬂ ﬁg‘% %ﬁ??“éﬁéée a'éf%%tlcedetlﬂmmceshtﬁﬂsity maluesisani ned
pi xe I,s_defected, gs, defin.n an edge with adjacent pixels 171 and
177. %géiéﬁiaﬂgqc{ﬁeWHQt 3?%&94 Maﬂyx@f@%ﬁgm ]jflés deteatedrsrdefining be edge
defi pj iLxel S,...and are further, _pnrocessed.. [ 002! It should be noted that
the Anedgiviih 3RS BBt Ae AP Accr ey, B iletadipiclsibdriene  and
is n s E&Iad'% t ey ld Jnting. i n_an For exanpl e, other edge

det eg{’?%g Fout fbﬁeés)d%n%%%m‘%pﬂ%és’ﬁ%8%%@5%8%?93?0030] Referring to FIG
4, the pixels defining an edge can be used to construct an edge map 420.

I t Sﬂﬁﬁl d be noted that constructing an edge map i s not essential to the
met ht923bo (Itisbould be natedrbatitherprebedipg efige detectibhacatige isaly420 i s only a
represent?tion of . the electrical signals output by the edge pixels

capt ¥§Blark embgdiment, Angkis npg intended baibel limiting im dny vedy. forexantgigt are not
reco &ﬁe%ﬁaa gef.i ni ng ,edgﬁ?l al so _capture gortions of the input inage 410.
The £ABE getestigndrutines knowsde the akticouldhbe uged.i ni ng edges are used to
out put an output image (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
leach 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
| uni nanceWPAE02B07 each pi xel (step 320). For exanpl e, mii/esyes/assidoni 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..l um nance hi stogram 510 may be created to illustrate the grouping of

the cHRRAT fURcHONAPRlissa valwg\tp the émmﬂne@mtﬁﬂsingvahm(xﬁ eacdeedgé deftning val ue.

[OOB%iﬁle&fu t&}e}r pir ocessing, a non-linear function is applied to the

| uni y whidhthelpminanee value iv-eithes dncreasedar deaeasedi ef discogsediinel (st ep
355 (FI Gﬁﬂ'é)%iﬂ Trie nﬁﬂ't 7, WO 2006/ 026307 PCTI US2005/ 030140 |inear function
app! | &sater detailtbelgw; tkhe incrensalecrease atthe lupminancesintensity wayes afethieni ng

pi xel ich the . lum nanthvaI ue i s either increased or decreased, as

di scu¥ ng pixelsincreasss fheenbtast of the inpht imagelcEhe inceeased {deerdased nance
I ntensl.t.v_val.ues of the edge.defjning pixels increases the contrast of the
i npu'[l aﬁ{’é@l&e "‘i‘ﬁeé"sf cvraé'é%';e%ﬂec@g?‘é%’é‘ead‘ g‘l“iﬁ’rﬂtﬁ’é‘ﬁgé (step 8RS (FG. 2 Jde are out put
in a ' e 365 | G- . .The, _outpyt inmage has an enhanced
cont ;ba{’gp h&@#ﬁ%ﬁgﬁﬁ%&mg@e@imﬁé@w %?ﬁéeﬁiﬁagﬁ-near function is
determ ned by initially grouping the edge defining pixels into regions
base& on the_associated |um nance intensity values of each pixel. As

di scUS%& abdhe nosdineasifunrtionis datersinedibyt indtialiygroaping i edsd dafiviague.,
and each is grouped into a predetermned plurality of groups, e.g., 0 to
255. PHrgls thtgregions hased ppthe assosiateshlwmninaace intensitypvaltes of eadbepixpl. uagl ity
of reﬁg%ons. For exanpl e, k}he edge  pixels that correspond to a |um nance

i nt effsseabove, pagibpixel Rasan associated lumpinanes éntensisy vhluesand eacteisanpl e, 8,
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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 plxels need not be divided eqﬁally.

[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 v = o (Nx/Notw)?,



forth, until all of the pixels having edges have been grouped into, for
“exanple, 32 regions, each region having 8 |lum nance intensity values to
cover thavQa@e/opem™si ble |um nance intensity val ues of acpiusedosozasentially
.creating a histogram having 32 regions. Although described as being
divided into 32 equal regions, the pixels could be divided into |ess or
more regions, i.e. less than or nore than 32 regions, based on the desired
appl | Whereok represents the regiemfor whighshe bentrastethaheementevatie & seinged not be
divided_equally.s$£0034 Once the pixels have been grouped into regions,
each asgigned, -5 433, " areemp: censtemts Nerepresente thd mumbersfpixelr y
enbodi nent, the cgntrast. enhancenent value (c.) is assigned in accordance
wi t h 1fBe correspending segignaand Bucrepresenty thxtotabnfimbes ofypiadony

PCT/ US2005/ 030140 where X represents the region for which the contrast
enharftE%e OI\%WIFM%%E}W&“E@@@C@SM valugrof regiond of 32 ri cal
constants, N. represents the nunber qg pixels in the correspondi ng region,
and NFE1ORSr &8e r‘frls{\“ﬂ9 FePresRnep g?ﬂ%'&g%? preelsiin regionfe apd N represgnts e
exarrglgﬂ i n cauﬁuLatin t he conjrast enhancenent value of region 1 of 32

r egi SRE ngmper qf pixels; In an exemplary embodimeny agsquadscbpdinrequals @b 1, and

Nt ot represents the total nunber of pixels. In an exenplary enbodi nent, a

equals 1 and y equals 0.5. [0035] In another exenplary enbodi nent, the

cont 18@35] enhdmenother exeinplary (extibgdifrent, the cenaast ehhagbémeROVAlGEs &6:? fhe
created. For exanple, regions 1 and 32 could be set to.a value of 1, i.e.,
a andlagk anddhrightsegiong anbe treateds Ber dxannpleregivns I agd 82 soulddveesit thai ght

I mages frogn]dbecom ng even brighter and dark i mages from becom ng even

dar k&RIuROf Liige s 30d coequal 3 Halyeafile Thedarklandbyiglairegiohe preventthright G 6,

once;each‘g_f tge cPr.edeterrgneﬁzl nunber of regions 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 (cv), a contrast enhancement map 610 may be
created. In the illustrated example, the contrast enhancement values of regions 1, 2, and
3, e.g., &, &, 3 and region 32, e.g., cx, are set to a value of 1 to create dark and bright
regions, respgcﬁ{rely. 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 (cw) is normalized in accordance with

the following formula:

4) Cwecw/ 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 ofWP28p6IRE30T 2 and 3, e.g., ci, c2, c3 and r egpENMUSHOs/Boo, C32,
.are set to a value of 1 to create dark and bright regions, respectively. A
region O is also created to establish a base value. Region 0, e.g., <coO is
al so set to a value of one. It should be noted that the construction of a
cont Mhere j sppraseaismithroughoues iie. apt coras , . .anck. i Thewbrmatieshti-ae be
Ii‘ﬂitiEg in any way. The electrical signals that are output by the pixels

def | eepyent value {Gv) girachaegioreean bentappedrtenteatah weemalingd asRirhst’ t her
processed. ILOO37] Next; each contrast enhancenent value (c,x) is
nor apeemhent ylue

! _ _ - Endeiillusirated tbh lumimince shteasitprakieeof val ue
(cx) 4s nornplized in accqrdance with the following fornmula: (4) Cx ..

cvx Ffpixels that areipritided in agegiprrtbat GdbbelonoiordziintaHine720 wilbheseat s Xi 0
thro XOgp |,4€.,,Cl + €2 F¢c3.... + cs. The nornalized contrast
enhaﬁ’g'g‘ffe‘ﬂq legs,than ](QBPlEﬁdC totbem, thershy snaking the pprels darkercThe lamieneal | zed
cont ..enhancenent val ye 710 (FEI g 7). As illustrated, the |um nance
i nt eRSETStY Y 2 O%Erméésﬁ@&fgmﬂade iR ajragiondhat ismbave dgirizontab linef al |
bel o .4 | _line 720 will, have., a value of less than 1 applied to
them%(?ﬁ&elyé%&te ?raa’ﬁlﬁﬁgf erpt\i‘{?ﬁllsa adcto them, thereby apaddng ithe pixels hrightenies of
t hos ' ' ip.a reqion that .is above horizontal |ine
750" R ot be'rittid Pt ARG of e A G d Qintiant Slancemany vabiesiiy  ho

pi Xebgﬁgﬁhg%ﬁrnotiﬁ&nﬁ@@%ge%ﬁ% qﬂa}\hat jhe mapping of the normalized

contrast enhancenent val ues is optlonalynd not intended to be liniting
in any way. [0038] Because regions 1, 2, 3, and 32 were assigned a contrast
enhaﬂﬁﬁgfnt ﬁal ue .
ecause 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 efr_en brighter. It should be noted that

setting regions 1, 2, 3, and 32 to a value of 1 is only opﬁdnal, 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:

5 | | f(x +1) =F(x) + Cw, |
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of 1, and, therefore, a normalized contrast enhancenent value of 1/32, the
“lum nance intensity values of pixels that are included in regions 1, 2, 3,

and 32 wiwb 200265971 ncreased or decreased, thereby preyeqiisighshhfssiar kest
_pi xel s from becom ng even darker, and preventing the brightest pixels from

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 owheredf représeAfila RIMHABAITEA on\eAkch Of BFY rdgforls difbi3kaabbYE!ard it Shoul d

be noted that nore or |less of the regions can be assigned a contrast

enharnreprasahts\hb tiste fur@tion ot ethe .[A)@&&]reg{dr@o, R%et Wu;ng, the
normal I zed contrast enhancenent value (Cvx) to eaCh region, the normalized

cont rf{)t= @ rTankshrpion, B2 debux), iles £(32p€ 11 Fopehefisdtdegion! f(ANsHaray, f unction.
In one exenpl ary enbodi nent, the transtformfunction iS generated 'in

accoragiding Gui totCiohehiahl wasbetdofzeran(@).aFor e setend tgion ()= 0+Ch + C,10 WO
2006/ 026307 PCTI US2005/ 030140 where f represents a function used on each of

t he 3mdssfiortis Altbougls optiahaly the taamkf6rm fanctisrecdrsbé hapipetiagrgahimge fuUnct i on
for each region. Afirst region, O, is set to 0; i.e., f(0) = 0. The |ast
r egi dransform function graph, 810 (EIG. 8)(32) = 1. For the first region, f(1) = 0 +
Cvl, adding Cvi to Cvo, which was set to zero (0). For the second region,
f(2) =0+ C + C2 and so forth. Although optional, the transform

f uncio@m] can ABarERRed mwleee,%a%@dorﬁ(g%{% &@4@%&@%&%& (FIG

8). [0040J As illustrated in FIG 8, t
nor menhagebrantt vaass (CR) FBEREBIY thidy-Ueree (SDPQiffeRRit ' tpigs- (33)
different points on (a graph (thirty- tvvgqregi ons | ?%i%moﬁ#g(%gl%’base
val uéwd rgionisin additiory fo thie Base ¥aRf diseudskabbie wilterespect to FIG. 6). The

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) Fr=0x+ Cw * (Y mod Z)*P,

where F represents the noh-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, V4
would equal (255+1)/32=8. In formula (6), Ox represent:; the dutput luminance, and is
calculated using the following formula:

) | Ox =sum (Cwm) *1,

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

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

1



33 points depicted in the FIG 8 transform function graph 810 are then used
"'to extrapolate a non-linear transformfunction in accordance with the

f ol | owi ngWoo20e28307 (6) FY = O, + C,. * (Y nod 2)*P, wheper/bsioeponsents the
.non-linear transformfunction, Y represents the individual intensity |evel
(e-g., 0-255), C,,. represents the contrast enhancenent val ue di scussed
above, P represents the nunber of predeterm ned nunber of regions .the input
| umi rdarthe inputtlominandeshisfogiraimB 10(FEG. Hnb= 256.c Theextrapolation of Befion!
intensity levels divided by P. For exanple, if the pixels were encoded as
RGB dingar ttansforet funatidn is-tistiatedviruFIG.qual  (255+1)/32=8. In formula (6),
Ox represents the output |um nance, and is calculated using the follow ng
formula: (7) Ox = sum(CM * |, where CMrepresents the contrast

Fopr dOHAC" | paltitiuel only AL 1 hond ugghfﬁaé{ﬂ?%“ﬁﬁ%&?%{ e SHertedogr am
11 he i Al kSt 510
(FI \é’aaé@%gﬁ—ﬁ%éngﬁébgﬁgggol ati1on %&CPﬁg dﬁ%ﬁyﬂ?’ iltrl:gga&rJ&? g%ﬁ@%rﬁﬂ ?Tct i on

s i lillusteatall ShchibfthE2500u ﬁhuﬁbﬁ&%mbe@gég/., n%g%@gﬁg%%@&fa ARl dAEar

transform function, once extrapolated can a non-11near

t r antfarisforiny Aeddtion vilile. 9 FRe nbhllitdar #a2dfdrin Firdetiohls tih a,ﬁgﬂliégﬁfor f@ked, each
ned a

of the 256 output |um nance values (e.g., 0-255) is assi non-| i near

t r andfuminaricerintensity wvahues.of the edgeﬁudm@dpmg&ﬁ@mpdtuﬂfegb%ﬁrésémwhﬁppI i ed
to the lum nance intensity values of the edge pixels capturing the input

i magdhe irguitdaatinhanke histogami S10UFIG LS plicatio bfthebrish-lihikdz trnsforthe
application of the non-linear transform function to the edge defining
pi xelfunctign to thegdgeaicfining pixelgeaptusingtthe impiell incgeiresults 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. -
- Itshould 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 ifnage (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 t;he visual Quaﬁty of the image. The output imagé élso has richer

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

[0043] It should 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

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

12



signals that can be represented by an output |um nance hi stogram 1010,
“illustrated in FIG 11. As illustrated, the output |um nance histogram
1010 i s &0 sdos@iaabred” histogram It shoul d be noted the¢T/Ub®mOgeIesat i on of
.the output |um nance histogram 1010 is only a representation of the
processing of the electrical signals output by the edge defining pixels.
The out put | um nance hi stogram 1010 only illustrates the processed grouping
of  hirRetif ipplied toi piréls thet\dre gecoghizedrusrdlrk pixelsiegy pixelstaving ay

val ues. [Og%gﬁﬂ'l'd met hopcg%oo concl udes by out pu?’tier}ggr(a%pgut put irrgge (step
365) lurifhandb ieRsiefvale\uf 0-108}; theiebyichangng the ladrahcerintensitp vahes st d
electrical signals fromthe edge defining pixels, and electrical signals
out pie darkipixelsoniyp! Sintilady) ithe dlondineay furgtiondgade dpplied tofpixels twtiared,
capture the full i'nput imge 410 (FIG 4). The output inage has clearer
edgesecoghizedys brigteaikels (¢.9., phelehaiihg adethinanderintensityivalueiof 12925)sel y
affecting the visual quality of the inmage. The output inmage also has richer
det athereby changirlg thé hpaihance intensity vialues obthe hrighfipikelagady. Thwo43] 1t shoul d
be noted that the application of the non-linear function does not need to
be pepplicatioh ofthe renylinearifunction tordask<pixels palyer brght pixelsxgdy hagthe coul d be
a--plied to just. a range of |lum nance intensity values. For exanple, the
non- same@ffectiof enbapoing hesgpirastofiaEpoessed IMage f uncti on can be applied to
pi xel s that are recogni zed as dark pixels (e.g., pixels having a |um nance
intensity value of 0-128); thereby changing the |Ium nance intensity val ues
of yéua4far k Alheakh the iventidnMdsdekn debtribetiowithirespect t018 bit processinge
applied to pixelsthat are recognized as bright pixels (e.g., pixels

havi (eesaltinginEssdaminasdsintansitgivatuesj, the nkition is nbeseliynitedarflgirng t he

| um nance intensity values of the bright pixels only. The application of

t he esamiple)dabif, 46bit and bthetdikpmicessing oayyalse béus hichxwiosld antailreas t he

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 systém 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 conununicateé with the CPU 1102 over the bus 1104, and may include the
imager die 10 discussed above with respect to FIG. 1. The précésspr—based system 1100

also includes random access memory (RAM) 1110, and can include removable memory

13



sanme effect of enhancing the contrast of a processed inmage. [0044] Although
‘the invention has been described with respect to.8 bit processing .

(resul ti nyQHO¥EB3NTuni nance i ntensity val ues), the inverrawOS3065/030140S0
dimted. For exanple, 12 bit, 16 bit, and other bit processing nay al so be
used which would entail a higher range of |um nance intensity val ues.
[0045] FIG 12 illustrates a processor-based system 1100 i ncl udi ng an

i magi THL5, sec axfldshGRemury cWhiddyalsd ebmerfuracatbswady CPUS 109 dvek ﬁ\ehﬂ‘l%%e

uti lizing the nethod of ~processing an i nage in accordance wt

i nveni10dn Iniigingdevies 3108 haydt cshiasd willdd procesystBhaH ¥s #CPY, Wigikgm havi ng
digital circuits that could include i mage sensor devices. Wthout being

i mi t$ignal prockssar, Hrshienopceskor,withde vatleatnéRors SEr&g8 on ﬁ%ﬂ?lél system
scanner, machine vision, vehicle navigation, video phone, surveillance

syst eimtegrated ¢inmitorsyrsa differens chiprthakthe pycdessor. Faiy @mﬁ%@&byﬁt&é{ em
image  stabilization system and data conpression system [0046] Th

pr oc edeviresindbe prgesssorriiased system 2 k00nquiudd store seftarasy foremplog il fel ¥
conprises a central processing unit (CPU) 1102, such as a mi croprocessor,
that ahayerdescobedmethed. an I nput/output (1/0O device 1106 over a bus 1104.
| magi ng device 1108 also comrunicates with the CPU 1102 over the bus 1104,
and may include the imager die 10 discussed above with respect to FIG 1.

The {004Esso i ' ; ' RA|

L0 g can O e B AR A BB 30140
1115,desaribed and liksdtratedwvith refetarivead m&qnmﬁiayqieec%nm&ﬁf i sggéver the
bus 1104. |1 magi ng device 1108 nay be conbined with a processor, ch as a
CPU, pfiogedsat 11 si byahe QPR £102) or bgtyebhnothpr PERBENT cottrhlinRatig Wiglyt menory

storage on a single
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 ima.ges that may be. taken in the form of individual histograms of
red, green, and blue channels, or three-dimensional histogfams. It should also be noted
that although the invention has been described with respect to CMOS and CCb

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 illustraté preferred embodiments which
achieve the objeéts, features, and advantages of the present invention. Altliough 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. '

14



integrated circuit or on a different chip than the processor. Any of the
‘menory storage devices in the processor-based system 1100 could store
software for enploying the above-described nmethod. [0047] The procgss®wiSE
.for producing an output inmage in accordance with the process described and
ildustrated with reference to FIGS. 2-1]1.may be conducted by the inage
processor 11 or by the CPU 1102, or by yet another processor comuni cating
with system 1100.. Al though the invention has been described with

particul ar applit#%%n to a grayscale histogram it should be noted that
the invention could be applied to histogranms of color inmages that may be
taken in the form of 4 mghed®farocassingay ianst infage.rseidl metheé nompmsing| ue

channel s, or three-di nensional histogranms. It should al so be noted that

al t hough t he inpwtéingisaid itas ilegnintes pixebethywiroducigsgieeltoutgut Cliyhils AadingCD

i magers, the invention is not so limted. For exanple, the invention could
be appl i ed ldMinaN&@ ih@usity @&, of i magers, such as scanners, copiers, and
facsim | e nmachi nes. [0048] The above descri ption and drawings illustrate

preferred embgdj - i j ect f eat ur nd, :advant ages
of the present 1nv nat?ll 10n'.g€%1 %ﬁ%%‘ﬁ%gééggﬁeg)m ngé]\fg’r(ﬁ]é)gl sultlgl alﬁflséfde‘%‘%aéa
d above, .those skilled in the art wll

enbodi nent s ,ha ?fg.een escrib
recogni ze CHEL (Yeg 'SPiTe Hed{?te,cgﬁ%BV‘FIS&‘FEPII‘@@I“éFﬁagﬁE 12pdi fi cations and/ or
other changes may be nmade wi thout departing fromthe spirit or scope of
the inventi onSfOUMBg 8316 ieAgs Jeliningepixply dnie agiedetermined nlwiatispfisggionebased egoi ng
description but is only limted by the scope of the appended clains. 14
LLOYD W SEon l@nidan¢enstensity values of said edge defining pixels;
using said grouping to define a non-linear transform function operation over a range
10 ofluminance 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;
15 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;
generating a transform function for each of said normalized contrast

20  enhancement values; and

extrapolating said non-linear transform function from said transform function.

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

horizontal and vertical edges in said image.



1. A nethod of processing an input imge, said nmethod conprising:
‘inputting said input image into a pixel array producing pixel outputLOYD WISE
signals having lum nance intensity values; 5 executing an inage edge
.detection routine on said pixel output signals, said inmage edge detection
routine detecting pixels defining an inmpge edge; grouping said edge
defining pixels into a predetermned plurality of regions based on

‘lum nance intensity val ues of said edge defining pixels; using said
grouping to define a non-linear transform function operation over a range
10 of lum nance_intensity val ues of said pixel array; applying said
non-1inear transfor mihgmathesdhoficdaim divigrie s3id edgasdatsctipa rowinedtrtheri d - edge
defining pixels capturing said input inmage; and using the edge defining

pi xel s havirgvgguizes #ppld B degreelddgesin saidamsger m f unction to produce an
enhanced i mage fromsaid i nput inmage; 15 wherein the act of applying said
non-1linear transformfunction conprises: assigning a contrast enhancenent
value to each of said predetermined plurality of regions; normalizing each

of saidsassi gneq Con%aﬁm%?ﬁ%%%ing%qﬂﬁit imggé:' g%ﬁgh@%aﬁs E&ﬂgﬁ%}gé,m and

function for each of normal 1 zed contrast ment v
extrapol at i ransform function fromsaid t%ansform

functi on. a%.gog%%lé‘%ﬁlﬁat%ﬁ%%gsg)ﬁasédt TR vﬁgé?rgfﬁsogaeﬁac‘lélaééﬁ%%?@c i on routine
recognizes  hor iinzp%rc]tgnagj sa;acf| icrjlpl\lltei;r;[aigg ?Ilto g%%cee ali'rgy S%idgciinggg(%l' o&tlpflg\g[i)gn\g\{sSE 16
having luminance intensity values;
executing an image edge detection routine, said image edge detection routine
10 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;
15 applying said non-linear transform function to luminance intensity values of said
edge ldeﬁning 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;
wherein the act of applying said non-linear transform function comprises:
20 assigning a contrast enhancement value to each of said predetermined plurality
of regions;
normalizing each of said assigned contrast enhancement values;

generating a transform function for each of said normalized contrast

enhancement values; and



3. The method of claim2, wherein said edge detection routine further
‘recogni zes 45 and 135 degree edges in said inmage. 5 4. An apparatqgopwaSE
processing an input imge, said apparatus conprising: a programre
.processor, said programred processor executing the steps of. inputting said
input inmage into a pixel array produci ng pixel output signals having

| um nance intensity val ues; executing an i nage edge detection routine, said

| mage edgedet ellaBRiafiflLdil fon 4o AHAeiobl GuRhit (RnfIEid RaiodDAlrERaIE edge;
groupi ng sai d edge defining pIXEFS Into a predetermned plurality of
regions based on |um nance intensity val ues of said edge defining pixels;
using said grouping to define a non-linear transformfunction operation
over a range of lum nance intensity val ues, of said.pixel array; 15

appl yi ng sai d non- | i NeRPRAFAHPSICSPIHIEN 4“6‘n4’t"€‘efwad§ﬁ€%e ‘ileﬁefcélﬁéir?‘g}m\?al ues
of said edge defining pixels capturing said input inmage; and using the
edge def i néxeguted oplssidippammstrenoghizps hasizonighand yrstieal eAggsdn srichimaget i on  to
produce an enhanced i mage from said i nput image; wherein the act of
applying said non-linear transform function conprises: 20 assignhing a
contrast enhancenment value to each of said predeterm ned plurality of

regi ons; normal gzi NgTRAGkpaBAtuSAcHrdmsSiodh % anickds taid Rbgndaerioh ryainees;
generating a transformfunction for each of said normalized contrast

enhancerne nExe\éa{quﬁ ;saﬂ%pkﬂagg%ﬂégecokzizes 45 and 135 degree edges in said image.

7. An apparatus for processing an image, said apparatus comprising a
10  computer readable storage medium having a program for processing an image, said
program executing the steps of:
inputting said image into a pixel array producing pixel output signals having
luminance intensity values;
executing an image edge detection routine, said image edge detection routine
15  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;
20 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;



extrapol ating said non-linear transformfunction fromsaid transform
‘function. 5. The apparatus according to claim4, wherein said ed €0YL WISE
detection routine executed by said apparatus recogni zes horizonta AR
.vertical edges in said image. 5 6. The apparatus according to claimb5,
wherein said edge detection routine engut ed by said apparatus further
recogni zes 45 and 135 degree edges in sard image. 7. An apparatus for
processing an inage, .sai d apparatus conprising a 10 conputer readable

stoor age nedi u?ﬁﬂl%}gg ﬁﬂﬁ é‘%‘rllé‘ﬁgémn\s%m;fl"%%lé? hgniRAnGeaIsaSiE wales qf saigr am
executing the steps of: inputting said inmage into a pixel array producing
pi xel out pedesdefiangpinalsicapfuring siidhimage; and ensi ty val ues; executing an i mage
edge detection routine, said imge edge detection routine 15 detecting

pi xel s defi ni agngatheiedpgdefadayepixgls haping ghsaiplicé dge-lidedH thine@miftedtdnitet 0 a
predeterm ned plurality of regions based on |lum nance intensity val ues of

sai d edge q,eéduragageﬂ@ﬁ@&@;ma%gq}(g@wghﬁ%rast enhancenent val ues to each of
said predetermned plurality of regions; 20 normalizing said contrast

enhancegent val ues; generating a transformfunction based on said
normal i zed contrast enhancenent val ues; extrapolating a non-Ilinear
transform functi,on based id tra(gsf ormfunction; LLOYD WSE 18

on s
appl ying sai d ndn- I i NELTANE A IGensad HRISINHAPECH OMBISME: i ntensity val ues

of said a means for inputting an image into a pixel array producing pixel output signals
having luminance intensity values; |
a means for detecting pixels defining image edges of said image;
10 a means for grouping said edge defining pixels intd 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;
15 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
20 values of said edge defining pixels capturing said image; and
using the edge defining pixels having the applied non-linear transform function to

produce an enhanced image from said image.



edge defining pixels capturing said image; and using the edge defining

"pi xel s having the applied non-linear transformfunction to produce an
enhanced inmage fromsaid image. 5 8. An imaging device, said inmagi ngydenisee
.conprising: a neans for inputting an inmage into a pixel array producing
pixel output signals having [um nance iBtepS|Fy val ues; a neans for
detecting pixels defining i mage edges o# said i mage; 10 a neans for
groupi ng said egpe definig% ﬁixels into a predetermned plurality of

regi ons based or- | umi‘hBIPCESSPRYNSIFEL COMPEFNES of sai d edge defining pixels; a
nmeans for assigning a contrast enhancement value to each of said

pr edet er mi nedan BageAroqeysing devaes eomprisingreans for nornal i zi ng sai d contrast
enhancenent val ues; 15 a neans for generating a transform function based on

sai d normal i Zewmme&procmhﬁISEidWaMﬁieﬂch@soﬁéﬂé&tiﬁ%fhe%éﬂs%ﬁp| ating a
non-linear transform function based on said transform function; a neans

for applying said nofnhiteasn inbamfafgé"iBtB'dfiﬁzEé'l9Ha§grddH&hg$B&?gﬁt§£te§?%da§%e 20

val ues of said edge defining pixels capturing said inag an sin

edge detini ng pi I . . ed non-linear transformfunction to
producegan enhaﬁégﬁgﬂﬁggéﬂ H%%ﬁggfgh?ﬁ%ge. LLOYD WSE 19 9. A processor

i sing: . . . ; g .
system conprising executing an image edge detection routine, said image edge detection

routine detecting pixels defining an image edge;
grouping said edge defining pixels into a pfedetermined plurality of
regions based on luminance intensity values of said edge defining pixels; |
10 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 lurﬁinance intensity values
of said edge defining pixels capturing said input image; and
using the edge defining pixels having the applied non-linear transform
15 ~ function to produce an enhanced image from said input image;
wherein the act of applying said non-linear transform function
comprises:
assigning a contrast enhancement value to each of said
predetermined plurality of regions;
20 normalizing each of said assigned 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.



an i mage processing device conprising: a progranmed processor, said
‘programmed processor executing the steps of: inputting an input inmage into
a pixel array producing pixel output signals 5 having |um nance iqlngWMgE
.val ues; executing an i mage edge detection routine, said i mage edge
detection routine detecting pixels def&ging an i mage edge; grouping said
edge defining pixels into a predeterm néd plurality of regions based on
| um nance intensity val ues of said edge defining pixels; 10 using said
grouping to define a non-linear transform function operation over a range
of lum nance intensity values of said pixel array;, applying said non-Ilinear
transform functil8n ta)illeﬁbﬁtﬁamf@lailmt9ewéfﬁte}ﬂ sead ireage podcessingldedgeisdef i ni ng
pi xel s capturing said input inage; and using the edge defining pixels
havi ng t he capplemegitanp mekdl peric stmansaiaton infkgef. uncti on to produce an enhanced
imge fromsaid i nput imge; wherein the act of applying said non-Ilinear
transform function conprises: assigning a contrast enhancenent value to
each of said predetermned plurality of regions; 20 nornmalizing each of
sai d assigned cqgntra At oV e i . ransformfunction
" I or e RGO it o Pt sl SR bl bERRS K sl ot | g

for each of said normali contrast enhance alues® "an

sai d non-Iineqr transformfunction fromsaid transformfunction. LLOYD
coupled-device.
W SE
12. The system of claim 9, wherein said image processing device is a digital
copier.
10
13. The system of claim 9, wherein said image processing device is a

facsimile machine.

14. The system of claim 9, wherein said image processing device is a

15 scanner.

15. A method of processing an input image, said method comprising;
producing an enhanced image from the input image by applying a non-linear
transform function to the luminance intensity values of edge defining pixels in the input
20  image, the non-linear transform function comprising: |
assigning contrast enhancement values to a predetermined plurality of regions in
the input image based on the luminance intensity values of the edge defining pixels;

normalizing each of said assigned contrast enhancement values;



20 10. The systemof claim9, wherein said i mage processing device is a
‘conpl enentary netal oxide sem conductor imager. 5 11. The systemof claim
9, wherein said inage processing device is a charge- coupl ed-devi ce,LO¥D.WISE
.The systemof claim9, wherein said i mage processing device is a digital
copier. 10 13. The systemof claim9, whenein said i mage processing device
is a facsimle macgi ne. 14f. The system of claim9, wherein said imge
processi ng devi&&ciagnga tragsfoma finetion 1&-calh pLpgcessing.an i nput

i rage, said method conprising: producing gﬁgazur)lﬁoarﬁ%lelg&?%%és?%?ﬁ*%ni nput

i mage by apphlbesigind non-1inear transformfunction to the |uninance
intensity val ues of edge defining pixels in the input 20 inage, the
non- | i near tr arsfragdnd td S¥h-6 I.sicnd: ~assi gni ng contrast enhancenent
val ues to a pr ede?ﬁer m%dpﬁhrg |t§fh%%f&8%8‘|n8ﬁ%'9ﬁﬂm Sseidtrangfoum funetipn. based on
the Ium nance intensity values of the edge defining pixels; normalizing
each of said assigned contrast enhancenent val ues; LLOYD WSE 21
generatifg a trapgfor flﬂr&@{i on. for each of said normalized contrast
enhancenent val ué€s; afd Ordé)gc‘}iaé‘ili I3gWheiieth sashrah e efluntingis fRe, unct i on

fromsaid trgnsform function.
ue€s comprises luminance mtensity values of bright and dark pixels

17. The method of claim 16, wherein said luminance intensity values of said

bright and dark pixels comprises the range of values possible with a bit depth selected

10 from the group of 8-bits, 12-bits or 16-bits.

18. The method of claim 15, wherein said range of luminance intensity

values comprises luminance intensity values of dark pixels.

5 . .
19. The method of claim 18, wherein said luminance intensity values of said

dark pixels includes 0-128.

20.  The method of claim 15, wherein said range of luminance intensity

values comprises luminance intensity values of bright pixels.

20

21. The method of claim 20, wherein said luminance intensity values of said

bright pixels includes 129-255.



5 16. The nethod of claim 15, wherein said range of |um nance intensity
‘val ues conprises lumnance intensity values of bright and dark pixels. 17.
The net hod of claim 16, wherein said |um nance intensity values of said
.bright and dark pixels conprises the range of val ues possi bl e wi tHOYD BISE
depth selected 10 fromthe group of 8-bighs, 12-bits or 16-bits. 18. The
nmet hod of claim 15, wherein said range of |um nance intensity val ues
conprises |um name int ! f . i 5 19. The t hod of
cl:aim 18, wherein said mtﬁg‘%gg&?ﬁéﬁﬁw‘%ﬁ%@% eré'nérlae ph&f&FW Og%(?éf’%s

i ncludes 0- 128,51k 32T1Q§ior;q§t hod of claim 15, wherein said range of |um nance
intensity val L?es conpfises |um nance intensity values of bright pixels. 20
21. The nmethod of claim 20, wherein said |um nance intensity values of said
bright pixels includes 129-255. LLOYD WSE 22 22. The nethod of claim 15,
wherein said pregﬁt erm ned plurality of regions conprises 32 regions. 23.
The method of cl &'m 22 heipghed of daigh2diwhesdin e ofsgid@d?sregiont eomsingsn 5
equal nunber of lum nance intensity values. 24. The nethod of claim 23,
wher ei n éac¢qudl nggibgr gPlumindnee snteroiity aialues.8 | umi nance intensity val ues. 10
25. The nethod of claim 22, wherein each of said 32 regions contains an
unequal nunber of |um nance intensity val ues.

24, The method of claim 23, wherein each of said 32 regions contains 8

!
luminance intensity values.

10 25.  The method of claim 22, wherein each of said 32 regions contains an

unequal number of luminance intensity values.

26. The method of claim 15, wherein said contrast enhancement value is
assigned in accordance with the formula:
15 Cvx = & (Nx/Nioal)",
wherein o and y are empirical constants, N, represents the number of pixels in the

corresponding region, and Ny, represents the total number of pixels.

27.  The method of claim 26, wherein a equals 1 and y equals 0.5.
20

28.  The method of claim 15, wherein a first region represents a dark region,

said dark region being assigned a contrast enhancement value of 1.



26. The nethod of claim 15, wherein said contrast enhancenent value is
"assigned in accordance with the fornula: 15 cvx = a (Nx/Ntotal )7, wherein a
and y are enpirical constants, Nx represents the nunber of pixel sLiGYD\NESE
.correspondi ng region, and Ntotal represents the total nunber of pixels. 27.
The nethod of claim 26, wherein a equal§3l and y equals 0.5. 20 28. The
nmet hod of claim 15, wherein a first region represents a dark region, said

dark regi on bei assl.gned, a, cont.r nhancenent .val ue of 1, LLOYD W SE
23 29. The net hgg of sflé‘gé’??ﬂ‘%?fo?riﬁ&aﬁh”%ql% ast BEBITePESFES @ Atightyegpnght
region, said bright region being assigned a contrast enhancenment val ue of
1. 30. The saidibright togian) being apsignethe p@itrasksenhdneenrentivalae nfjl.st ep i s perf or ned
in 5 accordance with the fornula: Cv' = ¢, / sum(cj), wherein C

represents an individual normalized contrast enhancenment, c,, represents an
i ndi vi dual contrast enhancenent val ue assigned to each of said

predet erm ned nggber TheimédtkRe SMNGaimAI8] v@ieréiﬁ%i@%@ﬁﬁzﬁizﬁﬁkestéppk?erfgﬁn&i in
contrast enhancenent val ues assigned to 10 each of said predeterm ned -

pluralisy QfcuumRetwidfns &Hns. 31. The nethod of claim 15, wherein said
transformfunction 1s generated in accordance with the fornula: f(x +1) =

F(x) + C,, 15 wherein x represents an UndinguaI region, f represents a
function applied to each vx=Cvx/ sum (gj),

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

10 each of said predetermined plurality of number of regions.

31.  The method of claim 15, wherein said transform function is generated in
accordance with the formula:
fix +1) =F(x) + Cyy,
15 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 regions, and C,x represents said normalized contrast

enhancement value for said region.

20 32.  The method of claim 15, wherein said extrapolation step is calculated in

accordance with the formula:
Fy =04+ Cy * (Y mod Z)*P,
wherein, F represents a function, Y represents individual intensity levels of said

input luminance histogram, C, represents the normalized contrast enhancement values



of said predeterm ned nunber of regions, F represents the integration
“function for each of said predeterm ned nunber of regions, and C, , x
represents said normalized contrast enhancenent val ue for said regioyn.wi3a
.32. The nmethod of claim 15, wherein said extrapolation step is cal cul ated
in accordance with the formula: Fy = O,,+ C, * (Y nod Z2)*P, wherein, F
represents a function, Y represents individual intensity |evels of said

i nput | um nance ,hi st r.esen the normalized contrast
enhancenenfSUEA<d 2% eiﬁ?‘é\fﬁa\ﬂv@?etﬁ%‘ ‘E‘iité“ﬂ ? FeRsns &FPressnts agraeher 6f ni ned
nunber of reglons Z represents a nunber of intensity |evels divided by P,
P repr eseniyeRpHy ﬁYMVldéﬂ bi Pe Baerresrnticthic numberofgiredetargiimndsumbedox = sum
(CM * I, wherein CMrepresents the assigned contrast enhancenent val ue of

an i ndi vi duegionsnamh©k tysulrei(@l) *all déedrdin Coaepressany thaassigredapseigent 5 val ue
of a preceding individual intensity, and | represents the nunber of

intensity yahda@mentVahii o ah MdlidubiThRANELI M1 SHAS RMBack SontAdt APRACALAS fOr
processing an input image, said apparatus conprising: proce53|ng circuit

configused LReB¥s %l‘gc@dﬁx E ?ll(ﬁ{ﬂgg?il 191fen51t]§p aid Pl%k&?ésglgi Cr{m%n %F mtteﬁlg%? ?f?‘l{u% g nmC ; he

i nput inmage by applying a non-linear " trans ORI T UnCLi on
intensity valu s 0 f|n|n pi xels in the input inage, the
S Wp et

Sal .. . .
non- | i near 1} rans rising: assigning contrast enhancenent

values to a predeternlned plurality of regions in the input inmge based on
the lum nance intensity values of the edge defining pixels; 15 normalizing
each of said assigned contrast enhancenent val ues;

33. An apparatus for processing an input image, said apparatus comprising:

processing circuit configured to execute the steps of:

10 producing an enhanced image from the input image by applying a non-linear
transform function to the luminance intensity values of edge defining pixels in the input
image, the non-linear transform function comprising:

assigning contrast enhancement values to a predetermined plurality of regions in
the input image based on the luminance intensity values of the edge defining pixels;

15 normalizing each of said assigned 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.

20 34. The apparatus according to claim 33, wherein said range of luminance

intensity values comprises luminance intensity values of bright and dark pixels.



generating a transform function for each of said normalized contrast
“enhancenent val ues; ~and extrapol ati ng said non-linear transformfunctio
fromsaid transformfunction. 20 34. The apparatus according to cIéF9¥%§USE
.wherein said range of |um nance intensity values conprises |um nance
intensity values of bright and dark pixgks. LLOYD WSE 25 35. The
apparatus according to claim 34, wherein said |um nance intensity val ues
of said bright d dark pixels conprises the range of. val ues possible with
abit depth sePdcted MEABRATEHS 2GR5URE i gl p¢-vhdionspiddipimaned sty 5 36,
The apparatus according to claim 33, wherein said range of |um nance

i ntensity valugee! sihbright and degknixgle eomprises tha pngeoiatues posrablr withedhis. 37.
The apparatus according to claim 36, wherein said |um nance intensity

val ues of daptt sdlzeted fioxeths groupl afdfekit)12:b8s ot 06-B8s. The appar at us accor di ng
to claim33, wherein said range of |lum nance intensity values conprises

| um nance intensity values of bright pixels. 39. The apparatus according to
claim 38, wherein said |um nance intensity 15 values of said bright pixels
i ncl udes 129-25 40. : i L al: i aid

pr edet e?m’ ned gl6'ur alﬁhges%%%gg?égﬁ%nggﬁ%%ﬁ gg’ ‘%gerggg?lg]ﬁgggez%m%ﬁ{aﬂﬁi
apparatus agcordi ng tq cl wher ei of

. ai m 40 n..each id 32 regions contains
anequal - ndhEgy S shteh SR minalel by fles Y uiee
37. The apparatus according to claim 36, wherein said luminance intensity
values of said dark pixels includes 0-128.
10

38. The apparatus according to claim 33, wherein said range of luminance

Jintensity values comprises luminance intensity values of bright pixels.

39. The apparatus according to claim 38, wherein said luminance intensity

15 values of said bright pixels includes 129-255.

40.  The apparatus according to claim 33, wherein said predetermined

plurality of regions comprises 32 regions.

20 41. The apparatus according to claim 40, wherein each of said 32 regions

contains an equal number of luminance intensity values.



26 42. The apparatus according to claim41l, wherein each of said 32 regions
contains 8 |um nance intensity values. 43. The apparatus according to claim
33, wherein said contrast enhancenent 5 value is assigned in accott@ve®ISE
wth the formula: cvx - a |l x/Ntotal)Y wherein a and ? are enpirical
constants, Nx represents the nunber of pjgels in the correspondi ng region,
and Ntotai represents the total nunber of pixels. 10 44. The apparatus

according t | aj4n 33, i i j : : i on,
25 q appar atus. Tt por BB bRl ol EAON, WIREEP ARG Jid 2T eibRO! On

enhancenent val ue g}‘ 1l to said dark region. 45. The apparatus according to
claim 44, whEraRH8 iminapcepgnyly Y&lliSesents a 15 bright region, said

apparatus further executing the step of assigning a contrast enhancenent
value of 1 to said bright region. 46. The apparatus according to claim 33,
wherein said normalizing step is perforned in accordance with the fornula:
20 Cvx = cvx / sdbn (cThe apyeeates accOyding toeqirinsth vdierain paid icontehsh¢nhaneardnt zed
contrast enhancenent, cvx represents an individual contrast enhancenent
val ue assi gnglde isussigadd @facs@idanderveidethefoimasl nunmber of regions, and cj
represents the total of all contrast enhancenent val ues assigned to each
of said predetermned plurality of nuaheN Sf .[yegi ons. LLOYD WSE 27 47.
The apparatus according to claim33 , wherein said transformfunction is

wherein a and y are empirical constants, Ny represents the number of pixels in

the corresponding region, and Ny represents the total number of pixels.

10 44,  The apparatus according to claim 33, 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.

45.  The apparatus according to claim 44, wherein a last region represents a
15  bright region, said apparatus further executing the step of assigning a contrast

enhancement value of 1 to said bright region.

46.  The apparatus according to claim 33, wherein said normalizing step is
performed in accordance with the formula:
20 Cyx=Cyx/ sum (cj),
wherein Cyy represents an individual normalized contrast enhancement, c,x represents an
individual contrast enhancement value assigned to each of said predetermined number
of regions, and c; represents the total of all contrast enhancement values assigned to

each of said predetermined plurality of number of regions.



generated in accordance with the fornula: f(x +1) F(x) + C,,, 5 wherein f
‘represents a function applied to each of said predeterm ned nunber of -
regions, F represents the integration function for each of said LLOYD WISE
.predeterm ned nunber of regions, and C, represents said nornalized
contrast enhancement value. 48. The appsfatus according to claim33 ,
wherein said extrapolation step is 10 Calculated in accordance with the
formula: Fy=OX+C,,X * (Y nod 2)*P, wherein, F represents a function, Y
represents individual intensity |levels of said input |um nance histogram
C ,X represents the normalized contrast enhancenent val ues assigned to
each of said prédet erlhf ABRRIAHUABIOTERE Fegjpigha3 . whersirsaisk trarsformm firstion & 15
intensity levels divided by P, P represents the nunber of predetermn ned
nunber of gersgatots) acwndlaiee with the foohla* |, wherein CM represents the
assigned contrast enhancenent val ue of an individual intensity |evel added
to each contrast enhancenent val fig +0) =FPy-ecgdi ng individual intensity,
and | represents the nunber of intensity value of said input |umnance

histogram 20 herein 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

regions, and C represents said normalized contrast enhancement value.

48. The apparatus according to claim 33 , wherein said extrapolation step is
10 calculated in accordance with the formula:
Fy =04+ Cyx * (Y mod Z)*P,
wherein, F represents a function, Y represents individual intensity levels of said
input luminance histogram, C,, represents the normalized contrast enhan.cement values
assigned to eaéh of said predetermined number of regions, Z represents a ﬁumber of
15  intensity levels divided by P, P represents the numBer of prédetermined number of
regions, and Ox = sum (Cwv) * I, wherein Cy 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 value

of said input luminance histogram.

20



