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a PRIPINAL Ren®dn 9r aphics and enbedded video. An
exanpl e of such a device is a PC display nonitor
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cqrul.ﬂ@sgeq@énca predom nantly bright inage. [0005] In
order to apply inmage inprovenent effects to graphics
084eco Aﬁg@@gprpb em with manual control of contrast and color is that it is not

sensitive to the nature of the input data. Manual contrast control applies a

" multiplicative factor to the input luma component. Due to the finite dynamic range of
luma values, increasing the contrast of a dark image in order to be able to see the
shadow details results in loss of information in the bright highlights. The
multiplicative nature of this control also implies that there is no possibility of
increasing the contrast of a predominantly bright image.
[0005] In order to apply image improvement effects to graphics or video images it
is necessary to know the nature of the image content. In order to correctly display

graphics or video material on a flat panel display, various qualities of the material
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is necessary to know the nature of the inage content.

IrkgENggF 940 correctly display graphics or video
materital on a flat panel display, various qualities of

the material 1 GENSP194 have to be neasured.
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The I'nvention can e |np enent ed |n NUIer ous vvays
i ncluding as a nmetSiMHEM4 O THEANYENTION at us,
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luminance levels that occur in significant areas of the image. The invention can be

implemented in numerous ways, including as a method, system, device, apparatus, or
computer readable medium. Several embodiments of the invention are discussed
below.

[0010]  In one embodiment, a method of adaptive contrast control includes the
following operations, receiving video frame formed of a plurality of pixels each
having associated pixel data, generating an integrated luminance histogram for the
received video frame data, generating a transfer function in accordance with the
integrated luminance histogram, and updating the video frame data using the transfer

function.
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[0010] In one enbodi nent, a nethod of adaptive
cqgﬁﬁsﬂgcgontrol i ncludes the 30 follow ng

operati ons, receiving video frame formed of a

plurality of pixels each having associated pixel
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video frame data, conputer code for generating a

t °QA%fer function in accordance with the integrated
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video frame data wusing the transfer function, and
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d@eRérhide orighadratiNCAr feprand lviaadoatestogranigetie received video
receive a video franme fornmed of a pl uralitt\g_éﬁj;.l_l i xels
ediamerala, agraasisn Bngtienisperaier faneeneraiingjastaggien fnetion in
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and advantages of the invention will becone apparent

f doawingshe fol | owi ng detail ed description taken in

conjunction with th

DESCRI PTI ON OF DRAWTES 821 M A
eyeoile MEgi LBRdWS Ghdxahipho@edinch-Bridtit Sthags @ 4 stophen for the
I mage, in accordance with _an enbodi nent of the present

i fegs; orrcordgnassyitirpy embodimens obhe PRARYIIBVARPR.
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i thedfiak@rin af@dMilce Riig. andenstualivaerdt dof tleenmtsent mwemtéorf. or

e?0h0a1%(]:i ngFiEg.h3eslfo%te{ t?z?ntsfeir rc]:uqucc or : gnéigg % contrast in such the image
shown in Fig. 1.
[0017]  Fig. 4 shows a transfer curve for enhancing the contrast in such the image
shown in Fig. 2.

'[0018]  Fig. 5 graphically illustrates an implementation of the invention.
[0019]  Fig. 6 shows a flowchart detailing a process for geﬁerating a transfer
function based upon an integrated luminance histogram in accordance with an
embodiment of the invention.

| DETAILED DESCRIPTION OF SELECTED EMBODIMENTS
[0020] Reference will now l;e made in detail to a particular embodiment of the

invention an example of which is illustrated in the accompanying drawings. While
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25 shown in Fig. 1. [0017] Fig. 4 shows a transfer
CUKYRSPP64 €Nhanci ng the contrast in such the inmage
shown pr?} Fig. 2. [0018] Fig. 5 graphically illustrates
an inplenmentation of the invention. [0019] Fig. 6
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invention as defined 5 by the appended clainms. [0021]
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transfer function is created using the integrated luminance histogram for the frame. In

this way detail within significant objects in the image are enhanced since the average
luminance of objects in an image are weighted more than then the luminance of
individual pixels providing a more realistic transfer function.

[0024] In a particular implementation as shown in Fig. 5, a video frame F; is
divided into regions R, of M pixels by N pixels for a total of P pixels (i.e;, P=MxN)
each having a particular luminance value Y;; calculated as G(reen)/2 plus R(ed)/4 plus
B(lue)/8 (being an approximation to the Y portion of the RGB to YUV conversion) as

shown in eq. 1
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then created of all the suns of |um nance at the end
?g{‘sg jame. The histogramis then resealed such
tha e lum nance range is normalized. For exanpl e,
the I um nance range can be from 16 to 235 for a total
of 220 | pa S, 564 &1, YAV, e §gj ue ofeqt In
bins is 5@6 %Se#t( ﬁé’)\t‘:ﬁgtsggra@rﬁ’)hag(g}gen tgjr eat eg )E
appropriate 25 transfer functi on is created using the

i nt.eqgr d._Jlum nance r n
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i mge are wei ghted nmore than then the |unminance of

i neAvgtieEd): pi xel s providing a nore realistic transfer
function. [0024] In a particular inplenentation as

shown in Fig 5 a video frane FSis 30 divided into
regions R els by N pixels for a total of

pi xel s (|K'-’e— /@1 each having a parti cuf“éﬂr E))

| um nance val’{re Yi j cal culated as G(reen)/2 plus

oINS VENSER ik, HE T
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. 1) Once the |um nance value for

eds mrqudedl anﬂrapphﬂ!(btgt mfraRIe biydraged basisaceatdingrio dheepragrss 600
va& 8 fn the | um nance val ues of all the pixels
ﬂféb é’ is then calculated using 5 equation

( 2[b02M N F[%eﬁ sﬁowlvs X flowohifVithilin Elq prédess 600 inl ack&@dade With an

integrated 1 um nance hi stogram t for the video
f resphodimentof thﬁelnverg@ne TAe@soqges 611 hqg@smﬁé%bﬁt@emng a video

%ﬂﬁﬁ }@'lnu . agq} &6;% (Elge nﬂxélrc%.'thsls bt Wi‘drﬂﬁt that the

I'S” provi a frame
bqﬁmﬂ damde b@h\t&g:ecﬁ (i)} Yh)e/ ﬁjmaeamosom aesase, |abédS lik¢ eideo frame is

6 Flg rﬂt(}oms afgﬁ fletallln rocess .
FWth% B‘PB%T ECEPEHY o%i yinancsvajyedor each region is
' rl:\éﬁ:ma'té?fbasé_d"@pd?f PaRERaRA oRE0HRS 13hifBde PHussSRe! be\ﬂh‘tﬂ the

a video frame in the formof pixel data. If, at 6

t hreglpnax oAt @Rt a linginante higtogfapy mner@t@éthatt rectudss pllxmlons Next, at

R T

r qgnma&r WhitdgardtvalibQnd a flat Histb@i’tﬁﬁ villak W oﬁ@(“te)aosh 616, the
region is__cal cul ated based ugon a su t|on

pibisdogr pifierspes aluais shengpultinlied by a@iﬁ factor SF wainch is then
~added back to the flat value. In this way, the histogram is conditioned such that a

strength value of zero (“0”) results in a flat line whereas a strength value of one (1)
results in the original histogram. At 618, the conditioned histogram values are then
limited (thereby limiting the maximum slope at any point in the final transfer
function) such that any histogram values above the limit are added back into the
| histogram by sharing them evenly. At 620, a transfer function is created by
integrating the conditioned histogram by starting the transfer function at a value of 0
and then for each subsequent position, add in the corresponding value from the
‘histogram such that a flat line histogram would give a straight line transfer function
(where output values would equal input values). The transfer function is then applied

at 622,




regions At 612, a lum nance histogramis generated
ﬁmg@qb‘udes all regions. Next, at 614 a histogram
erence val ue i s generated by taking a difference
betmeen a 20 particular histogramvalue and a fl at
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functl at any |st ogram val ues above t
|'i later).ar e added back into the histogram by sharl ng

th lLy. 620, t, f f t
| iOBgBh | Ehedimeinar fhemet b degUaR R AReRE G TERE herein,
t I S eSnpldiintddiR @sitad cleBlrbific Bfrcifltry,326n bR Putt Phar@Rae, firmware,

subsequent position, add in the correspondlng val ue

10 f reofwabe 0B ¢rrsbinaticonof them. tmm@wqr@hodumﬁﬁs af thedpyeappn can be
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f Wietag®device fob execafiph bgd prcagrmﬁ&able@rﬁbts?m métBO@AEps of the
It should be noted that in the gﬁgcrlbed enbodi nent ,

t HeVeTtionshs Pe PETeRMsPY 4 BrOgsHEaRle BPESS;OR FReRYING fpropram of
t f
; :‘iglgtrdcftlgﬁﬂ eﬁe?foﬁﬁe i pgi‘ﬂt'é é(fjﬂlt%rl%eg& 1b1€i1 B#r %ﬁérﬁﬂﬂé‘o@ﬁlpﬂt data and

ct1on can be
15 apgﬁnmﬂng outphte Embodinfentrof e mhelttima can ba nmpl@menwd @tvarageously

ted. Oth f sufficient
P AIOPRT BoES FPSSHEERRIS b AN PEFGRGP o DD E R RATY Batem

aHﬁblbﬁi‘iﬁg%ﬂleﬁﬁmn@@:Eé%&lﬁ:ﬂ&ﬁlﬁiﬁécdéiorfcbﬂiﬂs@ to 2udisedateahdt o
frame fromwh it was generated (such as one or

t vmstchgmfromamy) tra{ng@lggjatq:_qflgdgstﬂ@ﬁggs tgf a flpfa storage system, at

I t

KRB hopt A G4 PR BB B BRI RE Pldbram can be
20 i nmpd)aimit&hnhﬂnghml p:focedmﬁroe preﬂ:Qom:ftd:dqamgranumngmanguage, or

caonbi nat i ons of .t a odlnent of the

i A9 W@dﬁa?!’ém?h%ﬁg‘é‘%ﬁ‘? deinpc a3 é‘b?fﬁ’u‘iaé?’sﬂﬁ‘? {?ﬂs%%e cen be a

prcgq.}at,%dt)gﬁﬁé }e\(edqggggggd in a rrachl ne-readabl e

storage device for execution by a programuabl e

p r{ﬂﬁ%&]s or Suidable processdrssnepde, by waye! ekamplst bath gerasalipad special

ROt R RO FRIa S hRaR SRl AP pg g o
25 | TR h irid-dily BRAT0RY koPArdnBetaceat tetidly. Gergealyy atomputer will

output Enbodlnents of the invention can he
i g ludaonect mere anpsa glemes|dgvices for storing data ﬁles such devices include

magnetic disks, such as internal hard disks and removable disks; magneto-optical
- disks; and optical disks. Storage devices suitable for tangibly embodying computer
_ program instructions and data include all forms of non-volatile memory, including by
30  way of example semiconductor memory devices, such as EPROM, EEPROM, and
flash memory devices; magnetic disks such as internal hard disks and removable
 disks ; 'magneto-optical disks; and CD-ROM disks. Any of the foregoing can be

supplemented by, or incorporated in, ASICs (application-specific integrated circuits). '




in one or nore conputer prograns that are executable
quEngggLannable system including at |east one
progranmmabl e processor coupled to receive data and
instructions from and to transmt data and

| ObROLT | ANSurkKer o@uﬁﬁ!%ﬁeﬁttaﬁélﬁﬁﬂ' Ry EleklonHave be@sdesoritied.
i nput ‘device, and at |east one output device. Each

c chiwrtbclem ttg’ﬁlalrhemderb@osi that mwm@ﬁcamnawéﬁmWé’wthout
P S E HonP T W 5ha Ao AE AL (BT GEOATRBGARIYAAS crBbdiments

angua ge 'l esli re n any
Ca@@mmhﬁhbaﬁ@dagﬁa@tanohﬁlgaﬂamnpl l ed or interpreted
| anguage. [0029] Suitabl e processors include, by way
of exanple, both general and special purpose
m croprocessors. Generally, a processor will receive
instructions and data 25 froma read-only nenory
and/ or a random access nenory. Generally, a computer
will include one or nore nass storage devices for
storing data files; such devices include magnetic
di sks, such as internal hard disks and renovabl e
di sks; nmagneto-optical disks; and optical disks.
St orage devices suitable for tangi bly enbodyi ng
conmputer programinstructions and data include all
fornms of non-volatile nmenory, including by 30 way of
exanpl e sem conduct or nmenory devi ces, such as EPROM
EEPROM and flash nmenory devices; nmagnetic di sks such
as internal hard disks and renovabl e disks;
magnet o- opti cal di sks; and CD- ROM di sks. Any of the
foregoi ng can be supplenented by, or incorporated in,
ASI Cs (application-specific integrated circuits). 6
GENSP194 [0030] A nunber of inplenentations of the
i nvention have been described. Nevertheless, it wll
be understood that various nodifications may be nade
wi thout - departing fromthe spirit and scope of the
invention. Accordingly, other enbodinents are within
the scope of the following clains. 5 | 7 GENSP 194
What is clainmed is: 1. A nethod of adaptive contrast
control, conprising: receiving video frame forned of a
plurality of pixels each having associ ated pixe
dat a;
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5 generating an integrated | um nance histogramfor the
reggiNgpqoyi deo frane data; generating a transfer
function in accordance with the integrated | um nance
hi stogram and updating the video frame data using the
t r anat Rreldimedis:on. 10 2. A nethod as recited in claim

1, wherein tgeneratl ng the integrated | ym nance
hi 5t ogr AfpetBerhpt adaptive eotragtiGopEok ﬁ@npli’%% frame into a

nunber &Fe&fﬁ% Wi FAG0 AN Bga ngtéc is%acﬂ Hzﬁnmoclated

number gener ati ng a val ue for
eapihelafata,he pi er s for each regl on 15 summi ng the

| um nance val ues.for t lxel 1N eac
i1 d nEEHOR e S g iSRSl kSl it ome
t hgypunber of pixels in each region to generate a
regi on | uninance val ue; and generati ng the int e?rat ed
| uni nangeeetatisg edreasfer;Sination incaceergprne Withhihedntearateddpmingnce
fohlSt % Vi g0 frane. 20 3. A nethod as recited in

urther conprising: providing a pixel
I(um nanqﬁaﬂﬂ%ﬂﬁn?{a@o frane mtwuﬁﬁgﬂi%tl@n’sfmcﬁmﬂmng th ovY;j _ ,
0.257 * R 1 (0.504 * G) 8 * Bll). where .
RIB, G4 mahqd asgpeitaddn clagpdy W hem%mt@gftég integrgtgdjuminance
Ph:é‘to%&ﬂ"%&lﬂ H Qs recited in claim1, further

sin

conpr 25 scaling the integrat ed | um nance
h| st og r@httn@ thé\video fiathedstoraomingted of regidnsienvhi having appseximately

r| Si n%ngll sd&g?%gsgg the updated video franme on a

as recited in claimb5b, wherein

t he dl %hammg a hehideh&vallWeofdt b4th dftipipixels et each edgisie s
an LCD screen, an OLED screen, a DLP screen, .a CRT and

a pl asrEEONg deumiranceyalyes Br theRigelain w&aww
execut Z’Iﬁblﬁlr%{thé‘ Fﬁiﬁﬂi@ﬂ' §i§hinRAQGRRRYor L% r@%gﬂi);r‘ﬂ?e number of pixels
s ro e for

nprising: conputer
r éneaah mglowtdgendratameglom lmninaxicearahieuami ity of pixels
each hg%gtiergg qutleg; ?e% 1B )1(nea|nce % gram %rl\llg thegreglon luminance
values for the video frame.
3. ' A method as recited in claim 1, further comprising:
| providing a pixel luminance value Y;; fora pixel P according to Y;; =
(0.257 * R;)) + (0.504 * G;) + (0.098 * B;;) where R;;, Gy, By, are RGB color
components for a pixel Pij.
4. A method as recited in claim 1, further comprising:
scaling the integrated luminance histogram.
5. A method as recited in claim 1, further comprising displaying the updated
~“video frame on a display.
6. A method as recited in claim 5, wherein the display is selected from the group
that includes an LCD screen, an OLED screen, a DLP screen, a CRT and a plasma
panel.
7. Computer program product executable by a computer processor for adaptive
contrast control, co:ﬁprising:

computer code for receiving video frame formed of a plurality of pixels each

having associated pixel data;
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conmput er code for generating an integrated | um nance
hi gipNm@eyf or the received video franme data; conputer
code for generating a transfer function in accordance
with the integrated |um nance histogram 5 conputer

code focompaket cdty fohgenétatiag ah ido@adad lémisah&ohiktogram for the
transfer function; and conputer readable nedium for
st WW@ d ¥Kieo ﬁﬁﬁ"tﬁfia@fﬁ code. 8. Conputer program product

as reci E&gp+t@r S 10F & e%ﬁéﬁ'tﬁn&@f‘ﬁﬁl@ﬁél{‘ﬂléc dance with the

i ntegrated ['um nance i sto ram conprises conmput er
codﬁegrmdbphimamterfgstbgtmml deo frame into a nunber of

D1 el 5; “GONG: SHedHBRRBr Dl Tai< 1R PF ARB NGB a dtion
fopngach of the pixels for each region; conputer code

for summ ng the | um nance val ues for the pi xels in
each 1 @mﬂgbbwadahhrw@d@m loodlering thegiommtergodtre sunmmed

| ugi n aneg Sro%ﬁm ﬁﬁyﬁc{ £ILORATY clasrpl% Wﬁgﬂgﬁ{ nge(?lferatmg the

plxelsm erate a regd
vahm@rat&hmmlﬁmuﬁﬂbgmmdeorﬁmsegtener ating the

integrated |u ance |ngthere )
U S E BRI Rode A e G ep BAE i3 %&H{Smg&ns each
pr%m;ﬁ)’iﬁgﬂﬁiel the s%b‘h&n‘:ﬁb? 1§‘é1§n 7, f ur t her

conprisi ut er pr ovi d| ng a pi xel
| um n anc;enmaewdv,f@r generatinga i(tmlnnmyce vabedodearh of thevpijelsfor each
(0.257 * R j) + (0.504 * Gj) + (0.098 * B,j) where
RIFE'%811, B11, are RGB col or conponents for a pixel

Py. 10. Jﬁweﬁd@ﬂe Wm&@ﬁhgm%ﬁﬁnaaae v4lGéd R tHebigdlain@ach
7, further conprising comput er code for scaling

t WeZioRt egr at ed | umi nance histogram 11. Conputer

progra 4, ]&'21 r‘taﬁleer

conpr i 3 ng‘ﬁlcIi &?gﬁgz?écﬁﬁhﬁng%é or di slrﬂngyﬁdgé for e Ch r%glon by
vi the aumbemnef pixelsiméash region then@aterutegionjumgraace p:«:rlod E

as recited in claim 11, wherein the

sel ect PIRYTHPAB If SR Hhe; lwwatféimﬁ’aﬂéﬁ@e%usmg the

anrefoRRimMaR& Waldesbthe SiRBHrame30 a CRT and a plasna
panel . 13. An apparatus for providing adaptive

cdht r asEorapirter pOgrasoproietian secitad i eleion 7 afether cmng@ma 0
recei ve o?np\ﬁlteqe(‘:Sdé %0%%?0\]‘1(? 55%%1}&!1 lL%nl%lm!TIorea‘La'lJeyY if fop 5 éﬁ!e?Pu

according to Y;; = (0.257 * R;;) + (0.504 * G;) + (0.098 * B;;) where R;;, Gy, Bij,

are RGB color components for a pixel Pj/.

10.  Computer program product as recited in claim 7, further comprising:
computer code for scaling the integrated luminance histogram.

11.  Computer program product as recited in claim 7, further comprising:
computer code for displaying the updated video frame on a display.

12, Computer program product as recited in claim 11, wherein the display is
selected from the group that includes an LCD screen, an OLED screen, a DLP screen,
a CRT and a plasma panel.

13. - An apparatus for providing adaptive contrast control, comprising:
an interface arranged to receive a video frame formed of a plurality of plxels

each having associated pixel data;
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each having associ ated pi xel data; 9 GENSP 194 a

higkR9ppdy generator for generating an integrated

| um nance histogramfor the received video frane

data; a transfer function generator for generating a

t r ansf efhiftdpeibi geheidiorfor Sérdatiag anMttfrateduiniaagy kiktegram for the
| um nance histogranm and 5 a neans for updating the
vitgesavedrudso faamedeatai ng the transfer function. 14. An

ApPAT Al ii% Afer kERYDA Sehdlat Rl Porharinf P&l RerdARHoAih Bbordance

the integra um-hance ograrm conprises: neans
f owitlstheiintegratpdtlmainancehistogeame andt 0 a nunber of regions

each havin roxi mptely the s numher, of .pi.xel.s:

0" meardnrds (SR ng R oo AR OB B R RS
t he, pi %@l gppaPlueAceilcth @bim 13EARerelPdentbl: ek thitgrated
| um nance 'val ues for the pixels in each regron; neans

f dnmitiantelhisiggrans comprises: | umi nance val ue for each
regi on nt?é/ang If‘o:)er slgﬁﬂ%%rthg Izid&'; )r(rglln% ihtd a%}%@)eﬁgg%e%n% ?:ach having

generate”a regron Puni nance val ue;
g?j)pfomlhﬁglytthesdinﬁﬁﬁgm@dreﬁpix:ﬂﬁ; napce hihst og[jam ;,Isi ng

the region _15 | um nance val ues for t i dea frane. .
15. An TP foresucraing @ lé_ail‘ierYaE%eé{’mafg,"%ﬂﬁRfﬁ%‘F for éach region;
conpri : Afhni : RP&YER region:

val ue ?(htj%g? (f)(;r}%a pllxg @egyﬁ&g%a%ggg?lﬁ%ﬂogﬁle#% (0. 2%9;%19‘&

R j) +nfdn$et diviing)the-syromed BiminBice)valuedpeearh 1¢giG) by the

Bll, ,are. R col o conponents for.a.,pixel Pij. 20,16.
ATPIBEERLATDS GLedeh ar Bt frogtels fAceion IR gy vhlueshd
conpr i shdads forRAGEtiAPMheRtBbad Hikfhahfd Bistogt@lusing the region
| um nance histogram _ 17. An apparatus as recited in

c haminance valygstipiethe vulepdiamiang: means for displaying the

D e e SO
f rom t meean® forgroviding aatixdl hohindes: aiud YD foc p gere] Panaccording to
%D;&)r%e?n * Rg-) 9(5)582 ["é(ig’-l- &0% ﬁ,-r})dwﬁere%-{g%;ﬁ ; J?g,reel RGB color
components for a pixel PZj. ‘
16.  An apparatus as recited in claim 13, further comprising:
means for scaling the integrated luminance histogram.
17.  An apparatus as recited in claim 13, further comprising:
means for displaying the updated video frame on a display.
18.  An apparatus as recited in claim 17, wherein the display is selected from the

group that includes an LCD screen, an OLED screen, a DLP screen, a CRT and a

plasma panel.
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