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METHOD OF GENERATI NG TRANSFER CURVES FOR ADAPTI VE
CONTRAST ENHANCEMENT by I nventors: Caba Ml dvai 5

BACKGROUND OF THE | NVENTI ON [ 001] The present
invention relates generally to contrast enhancenent

and,” nore particularly, to a nethod for -generating

tr METHOBOF GENE G TRANSFER-CURVES
i S EORABA PTIVE GONTRAST RN HANGEMENT

I mage content and result in unintended average

bri ghtness shifts as well InS8ktdfs@t i on or clipping.
For exanpl e, poor results %%Eggﬁg;ﬂed when i ncreasi ng
the contrast on an inmage that already has good
contrast, and poor contrast is obtained when 15 the

i mge has a large portion of very bright or very dark

piBACK GRGUND OF R ANVIENITONCONt rast in a

non- adapti ve approach wll "black out" inmages that
alfe3dbhe) PYBeRO Hivenfont : € € enifal ! :
ési ?ed i? aecont‘;egst&gelﬁﬁlgéﬁcg%ﬁ@%@?h@%@%%?%figyﬁ and, miore

d
[ oynt the_ jnput inmage content_ and avoi ds the
ag%rggulgﬁgb ;{% nd o RySgerafing (tiguslerr) eygves for adaptive contrast

enhancement.

[002] Traditional contrast adjustment methods in displays and TVs do not take into
account the input image content and result in unintended average brightness shifts as well
as saturation or clipping. For example, poor results are obtained when increasing the
contrast on an image that already has good contrast, and poor contrast is obtained when
the image has a large portion of very bright or very dark pixels. Similarly, decreasing the
confrast in a non-adaptive approach will “black out” images that already have poor

contrast.

[003] Therefore, what is desired is a contrast enhancement method that takes into

account the input image content and avoids the above problems.
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[0041 What is provided, therefore, is an adaptive
contrast enhancenent nethod that takes into account
the content of the input inage and uses transfer
curves to alter pixel [|um nances. The nethod
generates transfer curves that enhance the bright
pixels in 5 nostly dark images and enhance the dark

pi SAMMARDS OF THEGEN VENGIZON][ 0051 For a dark

i mge, a transfer curve is generated which increases
| ufO04RIWRat iB prdvidsd: IhASEs1R/YS Gn @&@tﬁel%oﬂ&asﬁ Q&ah?%ﬂ%ﬁ method that takes

W t hout substantially changing the | um nance

m ' egions of the imge. For a

oy 119, cbunf e WBRBAGE 1 HeblamBge 48 uieR st cues to alter pixel
decr eases t | um nance in the dark areas of the inmage

wi UHBHACSD  Shhsssihier geongrates drmsisfey curwess| that entiaoes ihe bhight pixels in
m d- and hi gh-lum nance regions of the image. For a
meapsiindsrk iphages audbeshancd thedafkesixdls in@ostsy G6HE [AlRY

with increases the |um nance in the high-lum nance

range and decreases the | um nance in the

| qo83JUFaMantaek HABSE Plrahdts BSt Q9 r&gg%rlmﬁﬁr\?wgh increases luminance in

substantially changing the [um na

U A r e. of the inmage. BRI EF DESCRI PTI ON ]
e e RSt siee il Hoiapbay GheEing the huminance in the
illLustrated by way of exanple, and not by way of
| TR -I4ngngnge regigng ef thef imdge. diranbightiingge, a transfer curve is
drawi ngs and in which like reference nunerals refer

tgenstated avhieh eleerbwsathd fumivdticehin ek bas a :
exanpl e nmedi um bright image and a histogr amaf c%eﬂnage without

| subglantidlly clRAERIZ0MRCRnM. i nent,.of the :
present | nventgi gﬁ. Fig. egﬂoﬁsﬁg@ érgglgn%lgé lymignce regions of the
: br Lnage. and a hi stogram for the

(Ihﬁﬁ’é. Foghzi ﬂ?e%f’&m-bn 1mage, a frans ergcurve is generated with increases the
Juminance in the high-luminance range and decreases the luminance in the

low-luminance range of the histogram without substantially changing the luminance in

the medium-luminance range of the image.




I mage, in accordance with an enbodi nent of the present
invention. Fig. 1 ¢ shows three exanpl e | um nance
ranges, in accordance with an 10 enbodi nent of the
present invention. Fig. 2a shows a histogramfor a
dark image, and Fig. 2b shows a transfer curve for-
enhancing the contrast in such an image, in accordance

wi BREEF DESCREPTIONOF THEDPRAWINGS on. Fig. 2c

is alowlum nance i nage show ng two actors weari ng

da 006F Yihk Spradht nvddib@Ns flkidks bgnwgicg*' agnpirﬁ 09%(11 gop by way of

odi nent” of the present |nven

h| brig e and Fig. 3b shows

+ TRERL it e Betss ol et g R drivingt nh 1a uehichlke reference
i mage, in accordance wi th an enbodi nent of the

pr@%‘?ﬁ@ Is refcidtatsinpitar efunggnts apel inwchiddc  show hi st ogr ans f or
medi um bri ght inmages, and Figs. 4b and 4d 20 show
correspondi ng transfer curves for enhancing t he

5 cont r adlig.iln showh ah sRgeple mddiundbEigh Wi b Rispram for th
enbodi nent of the present |nvent|onﬁn%€g 5 |526% or the image, in

f lagomidct with! SR Rt g;rrﬁyr&@n%vaﬂ tively

enhanci ng the contrast accordance with
an enbodi nent of the present invention. DETAILED

DESCR THE | NV 007]. Ref I
e madEiA KO BV A eSaplock flaprigaeel s i ¢ Bistogam for the

inventjion exanples of which are illustrated in the
a%ﬁp‘&ﬁ??%@mﬁﬁm%@mwuh@ttdfdm presemt invention. | | be
described in conjunction with the particul ar

enbodi nents, it will be understood

Fig. 1c shows three example luminance ranges, in accordance with an

10  embodiment of the present invention.

Fig. 2a shows a histogram for a dark Image, and Fig. 2b shows a transfer curve for

enhancing the contrast in such an image, in accordance with an embodiment of the

present invention.

Fig. 2c¢ is a low-luminance image showing two actors wearing dark suits and

15 bright shirts, in accordance with an embodiment of the present invention.

Fig. 3a shows a histogram for a bright image, and Fig. 3b shows a transfer curve

for enhancing the contrast in such an image, in accordance with an embodiment of the

present invention.

Figs. 4a and 4c show histograms for medium-bright images, and Figs. 4b and 4d
20  show corresponding transfer curves for enhancing the contrast in such images, in

accordance with an embodiment of the present invention.




5that it is not intended to linit the invention to
the descri bed enbodi nents. To the <contrary, it is
intended to cover alternatives, nodifications, and
equi valents as may be included within the spirit and
scope of the invention as defined by the appended -
cl ai s Fig.00B]a f¥vechant itlugidtimg akinsthbd yf déaptively ealisdvimsthe contrast of
liquid crystal display (LCD) based display or a
Cahhdge, itdccbHiificd fiFl hn RABSHintlin? %ﬁ% dsEftGhyetioR"

input Tnmage, It 1s desirable to ehhance the
contrast of the input imge before the inage is

di spl ayed for viewi ng. Adaptive contrast enhancenent
refers to a general approach of analyzing the

| um nance spectrum of an input inmage and increasing
or decreasing lum nance in specific |um nance ranges
in order to enhance output image contrast. To
acconplish this, first a |lum nance histogramis
constructed for the input inmage by counting the nunber
of pixels 15 corresponding to | um nance | evel s rangi ng
over the input |um nance range (the |um nance
spectrum . Then, output |um nance |evels are assigned
according to a transfer curve, wherein a transfer
curve is a mappi ng between i nput | um nance | evels and
out put lum nance | evels. [009] One approach to
adaptive contrast enhancenent conprises generating
transfer 20 curves that increase |um nance in those

i mge pixels that correspond to the nost popul at ed
bins in the image hi stogram Using this approach,

bri ght pixels are brightened in nostly bright inmages,
and dark pixels are brightened in nostly dark inmages.
5 [00101 A novel approach to adaptive contrast
enhancenent is disclosed herein. The
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fundanental idea is to generate transfer curves that.

brighten the bright pixels in nostly dark inmages, and

darken the dark pixels in nostly bright imges. This

approach takes advantage of the fact that the | east

popul ated bins in the irfage histogramrepresent snal

5 image regions which are generally scattered and

S KV ge area,

a?l\:\:ellﬁlEagbt t!i)]% act 11tgﬁgltqutI he hrrul%glﬁl eye Iﬁglr%lgﬂ

disturbed by small | um nance adjustnments to such
ions. Advantages of this invention include greatl ]
T\ Referenempyd! Bowtheasade inldstatldo apastenlarrmebosimentenfdhe invention

to t he eye, reduced cost of noise and contouring

arxanfiples eof whialr dre dllastrated isthk tacodmpisiylig driwiigkerwhile the invention

functions, and a strong reduction 10 in non-uniform

biijg e rdl@&:‘hb%ﬂ 34 ﬁ@xguﬁé{{dnn\gltﬁ @ﬁj@gﬂﬂéulﬁln gmf)@cﬁﬁeﬁtlé,t & Wil be understood

vi deo strearns. 111 Fig OWS an exa

il s orchllensiP 5 ARBF e RBoRL  e rgﬁ%chﬁgé Fofigdigaents. To the
and a histogram for the i mge. In the shown
hFOats dhds, infandedh & povmtadiernalives, meqstifieasions; andriquivalemts as may be
val ues and the vertical axis represents the nunber of
pinsletisd witkinrte spigi sl scoperbhn GererabhiSs ddfidkd B @dpPended claims.
for 15 the dark scene in Fig. 1lb, the |um nance
hi st ogram i ndi cates that nost of the pixels have |ow

I[UOS]nW}ﬁeﬁaa i1 ﬁl%f’argtc%eg%e &l %Eﬂakfirqh%érasct %Fﬁ)lﬂaﬁ(&%[g) based display

| um nance
ge nber ter els. [00121 In the
%W%% LU &?’? aﬁeﬂrﬁeﬁ% FPOFAYRE Atk MRbleuagice it isedpsirable to
to cI assify imges: I ow | um nance, nedi um | um nance

sRkange ghe Iceﬁif%ﬁérﬁfethe Hingut inagshbaforet theemagr aispdieplaged for viewing,
| um nance ranges 11, 12 and 13, in accordance with an

dwibptifieneonitrastl enhBcepions edters tb AVEMEIP Bpprbih bﬂiﬁaﬁ%ﬂfgethe luminance
ranges are user-definable and may be chosen to “overl ap

Sp¥ctrum of an input image and increasing or decreasing luminance in specific luminance
ranges in order fo enhance output image contrast. To accomplish this, first a luminance
histogram is constructed for the input image by counting the number of pixels
corresponding to luminance levels ranging over the input luminance range (the luminance
spectrum). Then, output luminance levels are assigned according to a transfer curve,

wherein a transfer curve is a mapping between input luminance levels and oufput

luminance levels.

[009] One approach to adaptive contrast enhancement comprises generating transfer
curves that increase Iuminance in those image pixels that correspond to the most
populated bins in the image histogram. Using this approach, bright pixels are brightened

in mostly bright images, and dark pixels are brightened in mostly dark images.
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order to provide for snooth contrast enhancenent. By
way of exanple, a |lowlum nance range of 0%to 40% a
medi um | um nance range of 20%to 70% and a

hi gh- 1 um nance 6 range of 60%to 100% | um nance have
been found to work well. Gven a particular choice of

| 90104 1% ok elngfiioachntol RGHvE SohthRD cRfREmbRdisadisclosed herein. The
| ow | um nanceq?zr | ow- brightness), nediuml|um nance

( di . . . _ Lo '
b ingERhTId 591 RaRske Hopqth PR ERPRAR S e Ul v in mostly
the correspondi ng | um nance range, 5 wherein " t" is

qa%\rﬁt INYEe as@ Oflféfq‘ﬁpég%fiﬁ%eﬂx?lﬁ T8 3Rostly trieht tmeﬁ?ﬁ-mé‘f}ﬂwroach takes
of exanple, threshold fractions in the range of about
5adsantage 69sheaae thatehe laastrpbpubatedobiks inethe impge histogemptepresent small
given a | ow |l um nance range of 0% to 40% and a

t mgehebidnd Waidh &8 geabrallp séffbred amd btaB&RalR dishSbiaéd over the entire
| east 70% of its pixels in the 0% to 40% | um nance

r Li.fies I ' ce. i . :
LG8 U S e e IS TLARASEe RO opri,ty et mianc
r es 10 and the threshold fracti.on for, a particul ar ,
Lﬁ%]&@i“ﬁlgs df SRhJesionD vanhast @g .thlf oBvesfion riclude greatly improved
accordance with one enbodi nent of the present

i imagatdontrastaclearst agpearardoer ofaimaiges ktoi thageyej sedrbedveosinof noise and
Fig. 2a and a transfer curve for enhancing the

CRBtduARf attiTadis!BlouABd ad FRA8It0F uSile Wandflr ﬁh&ior%?andﬁ"ﬁrong reduction
hi st ogram i ndi cates that nost of the pixels are in th

l. ' e, The .t ransfer. function increases
ot e B Y R b B Rt RS s,

i mage Wi thout substantially changing the | um nance in

the md- and |ow | um nance, regions of the image. The )
4@'@1ﬂ Figola ghofs ay grample aiqdw@r%riﬁhq imagganfl o hjstegiam for the image.
detail in the bright areas of the picture resulting
Figibshaws an txmmipladed (lovebeightess) ihligesand a histogram for the image. In

the shown histograms, the horizontal axis represents Juminance values and the vertical
axis represents the number of pixels having a given luminance value. For example, for
the dark scene in Fig. b, the luminance histogram indicates that most of the pixels have
low luminance, while for the medium-bright scene in Fig. 1a the luminance spectrum is

wider, indicating a larger number of brighter pixels.

[0012] In the following description, three luminance ranges are used to classify images:
low-luminance, medium-luminance and high-luminance. Fig. lc shows three example
luminance ranges 11, 12 and 13, in accordance with an embodiment of the present
invention. The luminance ranges are user-definable and may be chosen to overlap in
order to provide for smooth contrast enhancement. By way of example, a low-luminance

range of 0% to 40%, a medium-luminance range of 20% to 70%, and a high-luminance
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areas cumnul atively conprise a relatively small
fraction of the entire image, as is indicated by the

smal | nunber of bright pixels in the histogram The

transfer curve does not 20 substantially alter the

| um nance of the dark, regions, since: ga) | ncreasi ng

t Hangeupd pikcte 140% ABMIW%baWeeWtfgumh @ ivorknardl. whiteen a particular
woul d | ook as if observed through a "fog", indicating

p@hoice wit iasihgneg blanBac adisidge it aed dBRTDBE Qi BwdRbkgince (or low-
reglons results in loss of detail in those reglons

) PREFAARLE. (9 SOUKECYBRASH (R NG o i

dar er plxels ten repr
nin the

an | ncreas .t he gw
Wi 2&?‘ Shist S Ahie dtag P}?&?%eﬁﬂﬁﬂ’a g qamesponding lyayiyance range,
smal | pixel val ue disturbances of the dar ker pixels
( pihexcint mopt” i suantifiedely 2 rredsifineq ithgsholid fractivrer Byt way of example,
noi se in the inmage and resulting in a noisy and grainy
| thaepholdofrddtiony @1 thewigye dffadout 3% B 952 have!BEnCRIR toS®6rk well. For
a backlight, such as in an LCD or a DLP (Digital

Lé}gﬁﬁ 1€ Sasﬁmlupﬂﬁﬁée 9‘&1‘%&'0@()% %eﬂ B ARk ?%rgglﬁ)ld ﬁactlon set to 70%,

[ um nance in the nce regions (as S

Fi 2h) hel ps. co sate fo the backI| ght and
i b gL ICSETEER PRLS vl Ui to R cisparge Fanes qualifies as
use does not conprise backfight, such as in a CRT or
# tesrriinyasess imagpl dixperientations allews opémikation of the luminance ranges
decreasing the lumnance in the |l ow 10 | um nance

rand it threshdIdEaction St patli GRdrasveadldf ik dgésqa Be Rhlfandble

to an absence of |ight and not created by a process
whi ch bl ocks the backlight (as in an LCD or DLP) and

801 3] SRKaceGaTee! WAR onk RritdQikRin? $8 $i5 present invention, a histogram for a

dark image is shown in Fig. 2a and a transfer curve for enhancing the contrast in such an
image is shown in Fig. 2b. The histogram indicates that most of the pixels are in the
low-luminance range. The transfer function increases luminance in the high-luminance
regions of the image without substantially changing the Iluminance in the mid- and
low-luminance regions of the image. The eye is not sensitive to a relatively small loss in

detail in the bright areas of the picture resulting from such a luminance increase if these
areas cumulatively comprise a relatively small fraction of the entire image, as is indicated
by the small number of bright pixels in the histogram. The transfer curve does not
substantially alter the laminance of the dark regions, since:

(a) Increasing the luminance in darlg areas results in an image which would look as if
observed through a “fog”, indicating poor contrast;

(b) Decreasing the luminance in darker regions results in loss of detail in those regions,

which is not acceptable in darker images, since the darker pixels often represent most of

7
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[00141 By way of exanple, Fig. 2c is a | ow Il um nance
i mge show ng two actors wearing dark suits and
bright shirts. Note that while increasing the

| um nance of the 15 relatively small nunber of bright
pi xel s (such as the white collars which cunul atively

c ahprelsanbinmge cbntbiitgaid on of the overall image) may
cause sone loss in detail in those imge areas (i.e

h n . .
o3 S el R 4 D ¥ vt o
th thf a(g i at ed PA%l te-stretching as_ enhanced i nmag
c 8 agfhe 4% 101 the 8EkF ¥R (RRPSeRt it BN Mmages), amplifying the
enbodi nent of the present invention, a histogramfor
a inheragh noiserigthe invagrhandrresulting ig.a mSyamd gaihy anageer
curve for enhancing the contrast in such an inage is

S Howver) whefl -thé HispfﬁPQn his$ cOpALBs| Bk sﬁcljlaﬁs #05 L8D or a DLP
the i mage content alls within the highZlum nance

ransf.er
f 9%’1%&?18’%18%1@%%%&%%2% BT e ot i B APRR 8 thlqu-luminance
areas of the inm Shout ~substantially changing the
TGI8 2 ShawR W Fag- b distpsrrognensaie dom the basklightsandf deliver a more
the image. The eye is not sensitive to a relatively
s@Rtlikedswge.nWiendhe display eusdatoes astemsnmise baeklightBaeh as in a CRT
if these areas cumulatively conprise a relatively

sorepthsnhd Badddodissihy,t t'ﬁ@reeiatlb§senéeﬂaﬂ>§ de@re@iiné $hé Meth@h&%in the low-

by the small nunber of dark pixels in the”histogram

t he |
Ao fefin eéé.*%%esmosﬁ?ﬁspﬁm@g Tegifuore (i "at Abssgyef ight and
t he Ium nance is bright areas results in an inage
Wt egated V@ﬁoﬁﬁb@ﬁ#%(’% the baskliglt (@siin zIDLGBouréHslé)dmd may leak

overal |l image brightness;
some light in the process.

[0014] By way of example, Fig. 2¢ is a low-luminance image showing two actors
wearing dark suits and bright shirts. Note that while increasing the luminance of the
relatively small number of bright pixels (such as the white collars which cumulatively
comprise a small fraction of the overall image) may ce;use some loss in detail in those
image areas (i.e. in the texture of the collars), the human eye perceivés the reduced
overall brightness together with the associated white-stretching as enhanced image

contrast.

[0015] In accordance with another embodiment of the present invention, a histogram for
a bright image is shown in Fig. 3a and a transfer curve for enhancing the contrast in such
an image is shown in Fig. 3b. The histogram indicates that most of the image content

falls within the high-luminance range of the histogram. Accordingly, the transfer .
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(b) Increasing the lum nance in bright areas results

in loss of detail in those regions due to 10

clipping, which is not acceptable in bright inages,

since the brighter pixels often represent nost of the

rel evant inmage content; and (c) Increasing-the gain in

t Handtiong By €6t tede@Bascaii! lufifsck g tH2h85RNkre RO bP Ghd Nmage without
the image and results in a noisy and grainy I nmage.

[ I bright .i,ma ] depict a .
s Sedhot ity Bning WA Tpfanth, B o iy ROT L iR agions of tre
gane vi ng pl a%/ers_ wearing uniforns with dark
d &85 s g FYCSIS ARt seRsHIvG fea redetively snalhloshin driaikinathe dark areas of the
of the picture (e.g. the texture of the uniforns) are
nemagssif thest excan tuthuladvely ewaprisesa fetatively lNBactibe of the entire image,
action of the gane and the novenent of the bl ack
pu€ k. infiRbted ' ' ik &18 55 R i |

Wshtha sﬁfallgﬁhﬂeigﬁg ﬁargg(ﬂ%élﬁmﬁ‘% métHé‘é@.  The transfer curve

such as the one shown in Fig. ecre
of darker

| yod elatjvely. small n er
S0 er e hlbpie B I o BRions Y et 06 1 he

p@i}%{)y .uniforms, the audience), thereby drawi ng the

al fegging the pmanapreisdirighbygasdesulisds en pmegeswhich ihless appealing to
scene that are nore relevant for visually foll ow ng

tthe cymduerteriesteastliioveraliimhgebrightass; enhancenent may
result in sone |oss of detail in the dark areas,

Tn@tdasiB ¢hd | R -
Ul hestl AT MRS BAUARRAS sl OB oo rgions de o
t Lque.:lsS .t Q incre t.he L ym nance i.n the . . )

sAERRT WhUP if el HeERRe gl dimshl Jmeees ) 3fken e brigher pixels often
| ow- | um nance range of the inmage w thout

Semsesertipsl afhe relavgntimage eontenti anghce in the

medi uml_um' nance range of Ahe inmage. Note that
(réd."pcmadmg et gdinhg e RICHNBEHNS aﬂdpﬁﬁeé’ alel ighdteMl noise in the image
| um nance 5 distributions, as shown in the exanprfe

MB1o8lAHS: lﬁfisyFeinQ%rﬁﬂy ﬂHs%e.A'C: The hi st ogr am of

[0016] By way of example, a bright image may depict a scene of a sporting event on ice
(such as a hockey game) having players wearing uniforms with dark details. In such an
image, details in the dark areas of the picture (e.g. the texture of the uniforms) are not as
relevant to a viewer as is following the action of the game and the movement of the black
puck. For such a bright image, a transfer function such as the one shown in Fig. 3b will
decrease the luminance of the relatively small number of darker pixels (such as the puck,
the dark details of the players’ uniforms, the audience), thereby drawing the attention of
the viewer towards those parts of the scene that are more relevant for visually following
the movements. While such contrast enhancement may result in some loss of detail in the

dark areas, overall the human eye perceives an enhanced image contrast.
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Fig. 4a has a | arger variance and the histogram of

Fig. 4c a smaller variance, even though both indicate
medi um bri ght inmages. The present invention preferably
di stingui shes between such variances as foll ows.
[00181 Fig.- 4b is a transfer curve for enhancing the

COji01 Fs Fooh miimfAtgRhh @iy the tebBnighs iOH MrASe ?ﬁk‘)l‘ﬂi‘nmance in the

|n Fi g, 4a, accordl ng to an errbodl rrent of the present

con e?}'ﬁﬂ i on o (#%]i%%s%ﬁg{rlllgnwc 96\n A%@? qur-@@mpance range of the
nar.r ow rﬁpg ‘ﬁ)nd tg refore |nd| cates. that the dark

arftieg? MgHOthubstaatiglly shapgingdhy hypimanse ia the meadiwe-lugingnee range of
area, the transfer curve remains generally linear

(ithe impges Nost dpe noddiwhduight imaged enepupassnt videvariety of luminance
identity mapping) in the |um nance range occupi ed by

Masfrititioak,Sas showhtihltBe €RGHS @%ﬁ%xﬁﬁ? OEL}W% aGf 8. fl{éefustogram of

| ow- | um nance pi xels and i'ncrea um nance

"S" shaped c rves, on
ot a0 s ML e 3loBhm BB BEePmals FRatce, even though
H%éjewae int overall contrast and dynanic range of
t RN} inglate mg 11911 bighy impges.s The; presei dnventionepreferably distinguishes
enhanci ng the contrast of -an inmage having a
hbefwoerr such aerigivesws follofisg. 4c, according to an
enbodi ment of the present i nvention. 20 Conpared to
the previous case shown in Figs. 4a and 4b, t he

hioe1 SI0FaM4bf isFh drandfer %ﬁﬁ)@sforaerﬁlﬁﬁ of an.image having a

| um nances over a w der um nance nge an theref
gﬁ{n br| t . ]
coﬁ) Ve %/b%‘f)nc &l E?E q‘ai 3?‘6& ng 6?%!“ eé‘l%@g.lmqiﬁe‘?fe rkesenf nvention.

&ggqt’ee@ iléSWIth t he previous case, the transfer curve

€ distogram | of Biis Ascshows argeacensietivn of pivet Bmnifanies éi 8 relatively
and increases. the |um nance of the high-lum nance

paelgangsi ang thérefiin indicakdsthrthe dark and bright pixels collectively occupy a

smaller total area, the transfer curve remains generally linear (i.e. has a slope of about 1
and represents an identity mapping) in the luminance range occupied by most pixels,
while decreasing the luminance of the low-luminance pixels and increasing the luminance
of the high-luminance pixels using “S” shaped curves on each end of the transfer curve.

The result is an increase in the overall contrast and dynamic range of the image.

[0019] Fig. 4d is a transfer curve for enhancing the contrast of an image having a
histogram as shown in Fig. 4c, according to an embodiment of the present invention.
Compared to the previous case shown in Figs. 4a and 4b, the histogram of Fig. 4c shows
a spread of pixel luminances over a wider luminance range and therefore indicates that
the dark and bright pixels collectively occupy a larger total area. Therefore, in contrast

with the previous case, the transfer curve decreases the luminance of the low-luminance
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"S" curves at the ends of the transfer curve, and

conprises a nore even slope transition in the range

between the two "S" curves. The result again is an

increase in the overall =~ contrast and dynam c range of

the image. 5 [0020] Fig. 5is a flowhart illustrating

a piztRaoddfcrassed tie/Rinin&RE VTThe High16mARALL BidelsChsin R imm

i mage, in accordance with an errbc%li nent ofﬁjtﬁtﬁeS psrme%e}ﬁhﬂy st er

| et -0 .o Frior, Lnance histogrami s L

constTUCt e Eﬁff (@H? %fthg ﬁ%ﬂgﬁ?@%ﬁ@ 90‘%Pn§eﬁ & RTE £3eh Slape transition in
102 that nost of the pixels have | ow

i ndi cate
| ﬁ%ﬁ?&&é‘?eﬂa@% S “TuFYes. s The desulihagain isen dagesse in the overall
103 the |um nance of high-1lum nance pixels in the

i egadand dyesiooings obiteantagal |y alter the mid 10 and
| ow- | um nance pixels in the i mage, such as the

transfer curve shown in Fig. 2b. Else, if the

hifeo20yrEi 5 ndi AewsifardPdstRHe OhehbE 8?%@%@%\6&% the contrast of

| um nance, a transfer curve’is use ecreas
105 LU | ow L. um nance _pi xels in the image ]

2 i, i SECBRAEE: Pl G Ao iR P el gt ginvaigpn. First a luminance
n}]%-l un nance pixels in the image, such as the

t FESTPEFAR ISqanStERcterh L for apiigput §pager| 1§ the hiftogrhm indicates 102 that most

hi st ogram i ndi cates 106 that nost of the 15 pixels
hef, theapireldi have| loewe luntibanceraneanesr dartd ANG8eAr whibhVRicichses 103 the
used whi ch i ncreases 107 the | um nance of

hiugindnideo NRiRE Suili - RSES, i : _
| ow | um naIri:i‘(;gfei lrlJi xﬂealﬁgéplgﬁ%qféoes n§% Elgcb%s 6111%? F‘%%F’%&SF}( gl}er the mid-
t.he 1L Ui he,m.d-|l um nance pixels in the =

8 S LBEARE: Bicpl 1 oet ol Be Srbsir vuve g Fie. 2b. Bl
I.g tgg-?ti nput, i mage does not fall into of the three
chfhsduistegamgndicalgs 104 meist ofthe piismve highnlantranck hetransfer curve js

the Ium nance levels of the 20 input inmage pixels are

wiged yhcbrde&ei@_@.l@ﬁ@ﬁéhﬁni%ﬁze&ﬁ\l@ml%ﬁﬁﬁée AERGh tRE irhih% and does
present invention is the greatly inproved i nage

not substantially alter the high- and mid-luminance pixels in the image, such as the
transfer curve shown in Fig. 3b. Else, if the histogram indicates 106 that most of the
pixels have a medium level of luminance, a transfer curve is used which increases 107 the

luminance of high-luminance pixels, decreases the luminance of low-luminance pixels

and does not substantially alter the Iuminance of the mid-luminance pixels in the image,

| such as the transfer curve shown in Fig. 4b. If the input image does not fall into of the

three categories of low-, high- or medium-luminance, then the luminance levels of the

input image pixels are not altered 108.

[0021] One advantageous aspect of the present invention is the greatly improved image
contrast. While the average brightness of the output image may be slightly lower, output

images appear clearer to the eye. Focusing on bright pixels in mostly dark Images when
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contrast. Wiile the average brightness of the output

i mge nmay be slightly |ower, output inmages appear
clearer to the eye. Focusing on bright pixels in
nostly dark images when 11 increasing |um nance all ows
for over-conpensation of the bright pixels. Wile this
meiycredseagiluminance rablotvs fosevepcotipérihtion 601 ibMlt hikel. While this may
relatively small inmage area represented by the snal

NUEAREH ddmdl 109bf &’ét@ﬁ?lc%nﬁﬁéaeto aer%télhii/?lbr%nﬁﬂ ll'ﬂqgg greWréﬂ}esented by the

i nproved contrast. In nDs appl 1 caftons

uch as a vjdeo strean),
¢ R Eaioby of ERAL Pekelsaf Faif i GEacEelish ampEes eobdst. In most
and therefore can_ be traded of f. for inproved inmage
c 3PRlfcatiens, andricspecially in mivinemsages (suthes b videaosteam), the loss of such
| evel s of darker pixels in a nostly bright inage may

| detdil tio nat aotidehblea®stheleyé @hditheref6RNEINNES tﬁa@ed B fefBhproved i image
area represented by the dark pixels, but the
SERFa8S ul.ts .
i mgéﬁc Sipmaly ast’é%%a%?%A%hgtlttﬁlnﬁn%@%rrlaatsmse%@rs%aen bty brig

ggrese{%t i, nvent IH?E? |sft e.small cost of noise

SAPoleRe dey aasalk loss of defall, andingd: éq thessmalk axe3 regsptentiod by the

of usj nl% t he above described transfer functions. Wile
t4oEk pixelsnbu s suppyession of suchriaslopieels oésaitts aniphprb&iihiage contrast,
and contouring artifacts, such side-effects are kept
small due to the fact that t he techni que does not
40022 asndthéd ydvahtageosepdcl OF ARNGRs ik 1ﬁthsﬂt13ﬁ’§§ the smaH cost of noise
significantly represented pixel groups, 1I.

|aﬁdfb&ﬁ8&@n§£m§e§:rt§‘ﬁﬁt %8k uhréd '593%%%03! t}snggtﬁ‘g aﬁqve cﬂ:scnq)ed transfer

| um nance of bright |xesrn

ther advant ageous aspect of the
pr esgﬁ“ {Aﬁt}éﬁ‘? berhpugues may sryltria saee; ngise gmplification and contouring
non- uni f orm brlf&t ness changes during fade-ins and
ptidpeisy sieh sievaflists arerlkeptrsmalindie to the fact that the technique does not

-

substantially alter the luminance of the most significantly represented pixel groups, i.e.
the luminance of dark pixels in mostly dark images and the luminance of bright pixels in

mostly bright images.

[0023] Another advantageous aspect of the present invention is a strong reduction in

non-uniform brightness changes during fade-ins and fade-outs in video streams. This
also is due to the fact that the technique does not substantially alter the luminance levels
of dark pixels in mostly dark images and the luminance levels of bright pixels in mostly

bright images.

[0024] For smooth contrast enhancement in a sequence of images (such as in a video
stream), the transfer functions can be applied adaptively based on the image content of

the most recent frames. One implemeritation of this technique comprises accumulating
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also is due to the fact that the techni que does not
substantially alter the lum nance | evels of dark

pi xels in nostly dark i mages and the | um nance |evels
of bright pixels in nostly 20 bright inmages. [0024]
For snmooth contrast enhancenent in a sequence of

| FROGStoL i o ffhe mhbsfretbatagt of MR hnd E&ﬁpﬁtfr@ﬁﬁ&? laverage. Based on
functions can be applled adaptively based on the inmage

Jecen fra ement atio
ot Rl airafe, BRRlerdfy S bonab B g KB UGRE bt Tor contrast
hi st ograns of the npst recent set of franes and
cEMpnesmgt: hBihen dinplerratingyely 26 mveragmg eehnigyang buffer of 5 to 15
average histogram an appropriate transfer function is
c fremenhdsdreen dmindas worleweAncenent . When i npl ementi ng
such an averagi ng technique, a buffer of 5 to 15

frames has been found to work well. 5 [00251 The
| po2s TRE iRdshiBR s dReE rd'e&?i@cﬂ Nn ttﬂ@ cSﬁ’(]'é Lest dﬁf)la ng an image on a
dlsplaylng anlmage on a digital display devic gl

R P AR LRt 7 pepresial G ERae E?@mq%”so?% be used to
region in the di spl ay. By way of exanple, adaptive
dapit ﬁlaﬁs@da@ﬁﬁaﬁ@@rﬁéhﬁnlfaeeemnm raegiay 1o e display. hBy oyayeof example,

and | ower black bands that run horizontally across

tadeptiliespontyst eBianvayenf foRd aidviy may arglhés thadppér and lower black bands
contrast 10 enhancenent may be restrict ed to a

S L0 Yl YUY 306D Sy i cons
SRR 5 B EA S aBhaS Se T WRLATHS e o

not intended to limt the |nvent|on to precise form
#ardow plegiphysical region of the display.

[0026] Foregoing described embodiments of the invention are provided as illustrations
and descriptions. They are not intended to limit the invention to precise form described.
Other variations and embodiments are possible in light of above teachings, and it is thus
intended that the scope of invention not be limited by this Detailed Description, but rather

by Claims following.
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O her variations and enbodi nents are possible in Iight
of above teachings, and it is thus 15 intended that
the scope of invention not be llimted by this Detail ed
Description, but rather by dains followng. 13 WV
CLAIM 1. A nethod for adaptive-contrast enhancenent
of _an_inmage, conprising: determ ning whether the

[ WP%H ses nostly | ow | um nance pixels; and

i ncreasing | um nance | evels for high-Ium nance pixels
i . Amecthoddpe addptive threirasberibangenand 0Pin Begeaiprising:

| ow- | um nance pixels. 2. A nmethod as recited in claim

1, furshemisigRiieid he3aReE e&ﬂngﬂsea ééﬁ?xﬁ‘@u@-‘iﬁnﬂaﬁéeﬂﬂk&&? and

for the image to indicate whether the fnage conprises

nostly. | ow.l um nance .pi xels. . 3. Anethpd as .recited

o ot simwgegaing TiRsee dBiels R nighndindte? RiyeRia B e ign the
a digital or analog signal. 4. A nmethod as recited in
cimaggcemprisgsipestly dowdviniianes pikels! ayi ng t he i mage on a
display. 15 5. A nethod as recited in claim4,

wherein the display is selected fromthe group

consi sting of an LCD screen, an OLED screen, a DLP

SCAE&Bthod aSRLiRMth Qailt] AHRNED riasllgrgi ﬁg%fgﬁﬁgg Ilfnﬁflamﬁ él:iétogram

adaptive contrast enharicenent o onpr 1 Sl

term ni ng .whether the. inage conprises tl ) )
e FB%%‘%A%@G%F %’@F@’,ﬁf theomBge SruERSEs Mgty v -Thamignce pixels.
| evel s for | owlum nance pixels in the i mage when the
i mage conprises nostly high-1um nance pixel s.

3. A method as recited in claim 1, further comprising receiving the image via a digital or

analog signal.
4. A method as recited in claim 1, further comprising displaying the image on a display.

5. A method as recited in claim 4, wherein the display is selected from the group

consisting of an LCD screen, an OLED screen, a DLP screen, 2 CRT and a plasma panel.

6. A method for adaptive contrast enhancement of an image, comprising:
determining whether the image comprises mostly high-luminance pixels; and

decreasing luminance levels for low-luminance pixels in the image when the

image comprises mostly high-luminance pixels.

7. A method as recited in claim 6, further comprising generating é luminance histogram

for the image to indicate whether the image comprises mostly high-luminance pixels.

14

&




10

15

- 20

7. A nethod as recited in claim6, further conprising
generating a | um nance histogram for the inage to

i ndi cate whether the inage conprises nostly

hi gh-1um nance pixels. 14 8. A nethod as recited in
elaim6, further conprising receiving-the imge via a
digital or analog signal. 5 9. A nethod as recited in
claim6, further conprising displaying the i mage on a

digs [ o

¢ BoR g d h rolh FEh TGS FBRk Lot oL T RES W o digital or

an CD .screen, an OLED screen, a DLP screen, a CRT and
9&Si&3anel . 10 11. An apparatus for adaptive

cont rast enhancenent, conprising: a controller for:

(a) receiving an imge; (b) selecting a transfer curve

according to a |l um nance hi stogram of the imge; and

16, A eetisihianedied il cRents! ﬁﬁ‘&eﬁéoﬁﬁ}@slﬁg‘ﬁﬁﬂaﬁﬁg ﬁfecihﬁ@e bf a display.

the transfer curve, the transfer curve for
i ncreasing |um nance levels for high-Ium nance pi xel s
W t hout subst anti ally changi ng | um nance | evels for

i unt adlow- hance, pi xel s_in the jmage when
tmfﬁg Awa@e é%Fﬁ?FF‘i:E% T@l@l Roxkergin|tgdispiny Haelegteg gt he ggoup
decreasing | um nance levels for |ow | um nance pixels
wionkisting of an LCD screen, an OLED screen, a DLP screen, a CRT and a plasma panel.

11. An apparatus for adaptive contrast enhancement, comprising:
a controller for:
(a) receiving an image;
(b) selecting a transfer curve according to a luminance histogram of the
image; and
(¢) enhancing a contrast of the image according to the transfer curve, the
transfer curve for
a. increﬁsing luminance levels for high-luminance pixels without
substantially changing luminance levels for medium- and low-
_ luminance pixels in the image when the image comprises
mostly low-luminance pixels;
b. decreasing luminance levels for low-luminance pixels without
~ substantially changing luminance levels for medium- and high-
luminance pixels in the image when the image comprises

mostly high-luminance pixels; and

15




substanti ally changi ng | um nance | evels for nedium

and high- |um nance pixels in the i mage when the i nmge
conprises nostly high-lum nance pixels; and 15 5 c.

i ncreasing | um nance | evels for high-Ium nance pixels

and -decreasing | um nance |l evels for |ow lum nance

pixel's in the in@agendpedsipuimpiast féﬁ}ak%ﬂlﬁ%ﬁ-ﬁlﬁﬁﬁhﬁ& ixels and
| um nance levels for nediumlum nance pi X %

I mage conprises nostyl

An apparatus as r emtd g‘"&“n% fgﬁﬁﬁcﬁeve{;ﬁ@ }gg’nﬁlpﬂ??@f” pixels in the
further for: (d) generating the |um nance histogram

of the image. 10 13M2gP Wishai sehpienyally ehanging lnmingngg lavels for
12, further conprising a display for displaying the

i mage. 14. An appar atedBmnadumigendegrixdlnwhéribeihdge comprises mostly
wherein the display is selected fromthe group

5 consisting of an - Cheaff Riningike G, Scr een. a DLP
screen, a CRT and a plasma panel. 1

12. An apparatus as recited in claim 11, the controller further for;

(d) generating the luminance histogram of the image.

10 13. An apparatus as recited in claim 12, further comprising a display for displaying the

image.

14. An apparatus as recited in claim 13, wherein the display is selected from the group

- consisting of an LCD screen, an OLED screen, a DLP screen, a CRT and a plasma panel.
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