1 AUTOVATI C CONTRAST ENHANCEMENT Field of the Invention [0001] The present
invention generally relates to i mage processing technol ogies and, nore
particularly, to video and i mage processi ng devi ces and processes for
automatic contrast enhancenent during.,video and/or inage processing.
Background of the Invention [0002] In the context of digital inmge

processing, a clear i I rall nean .t hat features of the inage
can clearly be identi %&&uﬁﬁt‘g&m% TANHANGCEMEN Encenent i s
typically used for inproving interpretation of features of an inage.
However, as opposed to other imaging controls, such as exposure control,
the control of contrast is |es¥iddefthelnwentian its nonlinear transform
function characteristic. [0003] H stogram nodification is often called for
contrast enhancement of an inmage. A histogramof an inmage provides pixel
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i mage, f Le . . fferen sible intensities, and thus,
t he hi st gé?tgﬁeﬁﬁ?%@{ﬁ?ﬂﬁ%ﬁ‘%F%"Zg%‘mr’r‘&?’%gB\}ﬁ"g%in& di stributions anongst the
256 | evel s of grayscale values. Simlarly, for color inmages, the histogram
may be provided by either three_ individual _ histogranms of red, green and

bl ue channels. [0004] DependiBaskapymd ofshe tnyentiont ati on, the output of a
processe bst ogra : I . t I r at a
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sensor  gigueNbd fa¥ oppbR0 S oBRk Ghadin %Hésrspglcﬁrh@fa\ggé&fé% 'cglg}dl,ome Rpodb@i tal

encodi ng and decoding. As a result, dynamcs 0O anes/streans are
di st or t edonirast isHess easgslyalueda itk noglinshr trivesforpi finctien ¢haractaristic.of contrast is

reduced. , the IS a need.to reverse t change nd, restore.its
visual a (iB:agﬁti ven@g%t‘.)grﬁm F@gt[g:]agﬁés cogf?ﬁo?ﬁqﬁetﬁﬁd’%f@a%oe%wg Qb an
adj ust ablifiag NArastberafPbiiiLidbedprovides pixel intensity of brightness for analyzing the

lightness or darkness characteristic of the image. The histogram is a graph showing

population of pixels at each grayscale value within the image. For an 8-bit grayscale
image, for example, there are 256 different possible intensities, and thus, the histogram of
that 8-bit image may show pixel distributions amongst the 256 levels of grayscale values.
Similarly, for color images, the histogram may be provided by either three individual
histograms of red, green and blue channels.

[0004] Depending upon the implementation, the output of a processed histogram
may be a processed image of the histogram, or a data file representing the histogram
statistics.

[0005] Before natural video from broadcast, video CD and DVD sources is
displayed at the consumer end on TV or other display devices, it can undergo several non-
linear processes that include analog to digital and digital to analog conversions, sensor
circuitry, transmission attenuation and amplification, and digital encoding and decoding.
As a result, dynamics of video frames/streams are distorted and the visual quality of the
picture in terms of contrast is reduced. Thus, there is a need to reverse the changes and

restore its visual attractiveness.



di spl ay device, where the adjustable contrast feature allows to manual |y
adj ust the contrast by stretching the dynam c range of the video with
clanping at black level. Wth this nethod are that the contrast adjustnent
is manual so as not be able to adapt t% the nature of the source, and that
the dynam c stretching characteristics©are fixed so as not be suitable for
all pictures. [00071 Hi stogram equalization is a nethod enployed in inmage
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[0009] Further, a known contrast enhancement transform made up of two
independent transform functions, one with levels less or equal to mean level and the other
with levels greater or equal to the mean. In addition, the individual transform functions are
constructed in dependence on the distribution of samples in their respective regions.

[0010] The above two methods perform picture and histogram analysis and adjust
contrast gain automatically according to parameters not limited but including picture
brightness, sample distribution, frame/field peak. However these methods have a
limitation on correcting over-contrasted pictures.

[0011] FIG. 11 shows an existing contrast improvement method by gathering
pictures of sequence into histogram, equalizing histogram class peaks by redistributing
histogram values above pre-determined limit to neighboring class, temporally filtering
processed histogram recursively to preserve edges, and transforming the histogram to

mapping function for altering picture contrast.



of a picture quantized input pixel values, calculating the cunmulative
density function, and interpolating the latter as transformfunction. The
nmet hod further describes the control of the transformfunction such that
the nean | evel of the histogram can be,mapped to itself. [0013] These two
met hods retain the nean brightness of ?he picture by controlling the
transform function_such that the nmean brightness qgéfed onto_itself. The
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el ement Seerthin §fA918leld| G | shows a schematic bl ock diagram of contrast

enhancenment  processi ng. in accordance with one enbodi ment of the present
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the H stparamnis %-ackground, good contrasted features may be compressed. Picture blurring

may occur as a result of reduced gray level difference between dominant region and
neighboring minor regions from the compression of certain gray level ranges.

[0016] Last but not least, temporal consistency can sometimes be a problem in
contrast enhancement with automatic gain control. Slight changes in pictures may have
different contrast enhancement effects and this may cause flicker in moving pictures.
Solutions like recursive temporal filtering in one of the above methods reduce the flicker

but do not respond to scene change in video sequences.
Brief Description of the Drawings
[0017] Preferred embodiments according to the present invention will now be

described with reference to the Figures, in which like reference numerals denote like

elements.




Process of FIG 1; [0020] FIG 3 illustrates an exenplary peak detection in
Peak Analysis of FIG 1; [0021] FIG 4 illustrates the histogram
re-distribution process in Hi stogram Re- Distribution block in accordance
wi th one enbodi nent of the present invention; [0022] FIG 5 illustrates the
rel ati onship between the peak density ffactor and peak density in
accordance with one enbodi nent of the present invention; [0023] FIG 6
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posi tion o} WLt R, 0on di nent..of the .npresent invention; [0024]
FIG 7 i P%o&g{&ﬁ%xé%@%ﬁ%anrc %Ikvétthi o&%fﬁ}lﬁégg%?nwggﬁwtpﬁ%selbtelgﬁengﬁogt ribution factor
and peafoodig]st r i bUFI®IR ilfusaates bl @aRefplaht nGking petior of tief Histogrdh Psent
invention; and [0025] FIG 8 illustrates an exenplary black and white boost

in transPEcesffdGi k' accordance with one enbodi nent of the present
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| nvention [0029] The present invention overcones the abové limtations and
dr awbackdernsity i aeeordasce with ane embodintestbifithe present linvestibignces t he contrast of
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there is provided, a process for enhancing contrast of an inmage havi ng
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accordance with one embodiment of the present invention;

[0027] FIG. 10 shows a schematic block diagram of a contrast enhancement
process applying on a component YUV signal in accordance with one embodiment of the
present invention; and

[0028] FIG. 11 illustrates a known method of equalizing histogram peaks.

Detailed Description of the Invention

[0029] The present invention overcomes the above limitations and drawbacks of
contrast enhancement techniques. It enhances the contrast of pictures, restores visual
attractiveness of video and preserves the naturalness of scenes by providing a peak-
preserving automatic contrast enhancement technique.

[0030] In one embodiment of the present invention, there is provided, a process for
enhancing contrast of an image having pixels in different brightness intensities, the process
comprises generating a histogram in discrete bins, each bin representing a pixel population
of at least one pixel brightness intensity; identifying a peak and a peak region of the

histogram, wherein the peak region is a range of discrete bins around the peak; computing



[0031] It is preferred that the process of contrast enhancenment further
conprises expanding the histogramto provide 2 n discrete bins when the
generated hi stogram has a nunber of discrete bins less than 2', where n is
nunber of bits of the imge. The procegs nay also filter the histogram
with a smoothing filter for avoiding di'scontinuities of pixel population
bet ween successive discrete bins. An _adaptive %ar n may_ be conputed based on
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further conprises a snearing parameter for de-enphasizing the histogram
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bins.

[0033] Alternatively, the smoothing filter may comprise smoothing factors, and
wherein the smoothing filter provides relatively higher smoothing factors at mid level pixel
intensities than that of high and low pixel intensities. It is also preferred that the smoothing
filter further comprises a smearing parameter for de-emphasizing the histogram.

[0034] It is also preferred that, while distributing the pixel populations, the pixel
populations exceeded the average pixel population is distributed along two sides of the
peak. The distribution may occur within the peak region, and overflows when the
distribution of the pixel population reaches boundaries of the peak region are truncated.
[0035] In accordance with an embodiment of the present invention, the contrast
enhancement may be used on a video comprising video frames of images. Accordingly,
the process may further comprises computing a sum of absolute difference (SAD) of the
histogram of a current image based on a previous image; and performing a SAD weighted

recursive temporal filtering to the histogram. It is also preferred that the process comprises



[ 0036] In anot her enbodi nent of the present invention, there is provided an
I mge processor for enhancing contrast of an inmage having pixels conprises
a histogram generator for generating a histogramin discrete bins, each
bin representing a pixel population of at |east one pixel brightness
Intensity; a peak analyzer for identif?ing a peak, a peak region and an
aver age pi xel popul ation of the histogram wherein the peak regionis a
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transfer curve nmay conprise two opposing banded curve separated by a pivot
poi nt t hihe iowee.esponds to the peak. It is also preferred that, the peak
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the contrast enhancement process.

[0038] The image processor may generate the histogram with 2" discrete bins,
where n is number of bits of the image and the histogram may be provided based on an
active window of the image. Preferably, the peak, the peak region, and the peak density
are identified based on the filtered histogram. Also, the transfer curve may comprise two
opposing banded curve separated by a pivot point that corresponds to the peak. It is also
preferred that, the peak region comprising continuous discrete bins having pixel population
higher than a histogram average, wherein the histogram average is an average of a total
pixel population over the number of discrete bins.

[0039] Alternatively, the smoothing filter may comprise smoothing factors, and
wherein the smoothing filter provides relatively higher smoothing factors at mid level pixel
intensities than that of high and low pixel intensities. It is also preferred that the smoothing

filter further comprises a smearing parameter for de-emphasizing the histogram.



popul ati ons exceeded the average pixel population is distributed along two
sides of the peak. The distribution may occur within the peak region, and
overflows when the distribution of the pixel population reaches boundaries
of the peak region are truncated. [0041] In accordance with an enbodi nment
of the present invention, the image processor nmay be used for processing a
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W th one GehanaraterdFE AN SHEE aBOERE Bl iRl HoolbfPR JoREE
Process G thoaforésadsensbodiraémpoa sumeciirfor opatiag shelffdcesiadinagaral ysi s 103,

Hi stogram Redi strihution 104, Adaptive Gain nput ati.on 105, Transfer
curve GeH®3kion 1 ?pawantwaﬁgwérmmgﬁy@nq!fa%tpg@m%&adﬂmvy refgronse 19 the he

ot o8 ST ARl el O A ] Lo TS

a gray | ¢pd#] axi s ThidughouthehiPe applitatibry s ivehe) puibdicatains hreonefietemced, the

pre-procaae o(sjurtc]g %)E‘ AR rﬁquglid%gggs artr%qlielqe%y%ncorporated by reference, in their entireties,
into this application in order to more fully describe the state of art to which this invention
pertains.
[0045] It is to be appreciated that video and/image processing comprises more than
one operation or process. Thus, before being outputted, an input video signal is subjected
to a series of processes to enhance the visual qualities of the processed video and/or
images.
[0046] Referring to FIG 1, there is provided a schematic block diagram of contrast
enhancement processing of an input video in accordance with one embodiment of the
present invention. The Contrast Enhancement Process 100 comprises a Histogram Pre-
Process 102, Peak Analysis 103, Histogram Redistribution 104, Adaptive Gain
Computation 105, Transfer Curve Generation 106, and Transfer Curve Post-Process 107.
Briefly, the Histogram Pre-Process 102 filters the histogram temporally to minimize
variation in pre-analyzed histogram, and then smoothes the histogram along a gray level

axis. Then the Peak Analysis 103 detects from the pre-processed histogram a peak region



and extracts a peak density, peak |ocation and peak distribution fromthe
pre-processed histogram Based on the detected region and the extracts,
hi stogram val ues in excess of peak density are re-redistributed in the
step of the Hi stogram Redistribution 1Q4. The Adaptive Gain Conputation
process 105 cal cul ates a contrast gain® n accordance with extracted peak
density, peak position and peak distribution. The Transfer Curve

Gener at | & gxBACEh rpealo dpusitrs Peaknlocation, andiperki digtributien ifions theaprd-nsercpetls a

transfer r f L e t ransft cury be ¢ ted with ite
and bl achfEily e 7 e fued OE el @B Tnerabiuls T aBa BB Rt

t ransf er pedkr densite rpo Fatddistdituten snitle: steppdrind Hisdghinl Reédistributidie 100Nt Thast
enhancenent process 100. [0047] As _also shown in FIG 1, the Input Video

si gnal whEAPHYEcBripeFompuiation pedcses 103 calcblates ph coriTasigaiRdinEyccorianece Withe

Vi deo si |qn es.d: E Sk m I k1.0 1 and
t he Cont rg)gga{taégn gﬂgedr%gﬁ?’ &D%geg(s) {E‘E{gu‘tﬁ? gg%erﬁgs?%ﬂgfogbem i?f%rlgfé‘trepe

t r ansf er Generatorf 06 thea domputes\udmiatbiegieasity Amdtidriseandtduepufts b thansfdr curaasf er
curve fr t he ath maps to the videq input.si fromt ath in
he. Cont Pt b Rabsleraiiiye iy oPngemirdav B bie afd Bhrsheet: JradsEatitour
In the stape0PodtiBoddss 109" ®BA FRterd iR 1ARsII0turv@ tefb8taBYT @Mershre® temporal

predeterm ned nunber of discrete bins is generated based on the input
vi deo. Metabibitisinghe genieasicanhancentest piosessd08m are wel | known in the art, and

any suitghl met hqd utd be l.i cahl e for. an appr,opriate enbodi t of
tha oresB8T nvent AoAoeua n B, RdnBe Tidg? RsRReR it Shi

Cal cul at imd tvidpaths A e BY,aflere MRPDIABEsikRA iR EHE A Phthigdes hithe Hiogdages Of
Contrast Enhanci nngr ocess 100. Because both Hi stogram Cal cul ati on 101 and

Cont r ast CHgplsfing 19band the Godeast Babangewprt Rrocasnd 00 to Beerate guibeeifin fijieend
operati ”&ax?s?&eéméf for W€ gﬁ{ﬁ%ﬁdeﬁﬁénal,t %1%3‘%68 R gﬁér%‘ rafiifer &!’u%{: HPle A
oper ated on a custom ze ar dwar e~ or I gh-Spee processors. N contrast,

t he boxegath Goaps tadie \Eidvainpatsigrial Roacts B A40 in the WG onaast Mashipy 088; $csultthgt | e,
thus it can be in%)l errth eg%fs software on general. contrqgllers, or, system
pr ocessofs?@ qoptrpg Ut eviplt edn thestep i the Histgaram (sheudptiophdL, a

operatio ' r: i ndyi . ] e a8 | Gt
101 05 ApigeRh it oL pRgherriit ol of dhschit Mhs HORRER B2 Wl R ERR,
Process tdeo. [M&H8]s degaerating thohistogrdrh G& B knbivaria the artpaml ame shitablee

detail ed _descriptions of . the operations of fthe trast Enhancenent

Pr ocess. TEEOA DY Rrplisale AR IAG HEPH BTN G i RS AERGR. 101
gener at efpokdje hi st ggn afé’ferﬁﬂ?etg FIG aCt s AW OfichBBoh 't ad d8hirabthus
any external boundaries of the input video,

Mapping 108 are not included in the box of Contrast Enhancing Process 100. Because

both Histogram Calculation 101 and Contrast Mapping 108 are pixel-based operations,
they require higher operating power. In one embodiment, these operations are preferably
operated on a customized hardware or high-speed processors. In contrast, the boxed
Contrast Enhancement Process 100 requires less processing time; thus it can be
implemented as software on general controllers or system processors. It is to be
appreciated that the configuration of the operations is arbitrary, and in the following
descriptions all steps 101-108 are considered a series of operations of the Contrast
Enhancing Process 100.

[0049] Referring now to FIGS 2-8, there are provided more detailed descriptions of
the operations of the Contrast Enhancement Process 100.

[0050] In one embodiment, the Histogram Calculation 101 generates the histogram

based an active window of the input video; thus any external boundaries of the input video,




9 if present, such as black regions when a wi de-screen video is viewng in
a |letterbox-sized display, are excluded. Each pixel in the active w ndow
is scanned and pixel count is performed based on their corresponding
grayscale so as to forma histogram of discrete bins. Each discrete bin
represents a pixel population with t he same pi xel brightness intensity.

For exanple, an 8-bits %rayscale i mage consists of 256 (2 8 ) different
possi bl elf praseahspelt assblaek ragians. Whmcﬁ)wederﬂgmn videe iRiviavons ama defierbozrsizedt of
256 di scr S al I & m 255 sh ght ness,
of whi chdﬁhﬁydl]% Bi ﬁm?éprte%cgnﬁgnl?ﬁe act19f3 V% %% ?Sﬁ?nnc p| ><‘§e1(eEi C%glrl\tdgt he

255t h bi perfepiedsiened oh hbeip optitspbhding (gfraysbalé 8o Piste!ferm aHgweyRm ofdistor
Hi st ogram Cal cul at j on 101 requires higher operating power, in_an
al t er nat P8 ekdbudisstste b TQ%CSEWéf*bPP@H ppﬁlal@h@rhéwm theo saagnpes] &@ghirl?fén 101

produces ]ilﬁ%l}stﬂg.h 'Off%tr %ﬂﬁrﬁﬁiewhﬁ B-Bits %]{'H?s%ﬁleq nsjlﬁé of P E%ﬁ dlff&‘g jeS the

nunber o cou ectrve uce t resources
| oad for imem;iting @r &nes.t Aacmdlrgiy Gl hlsﬂograabmay icomusi b oif ﬁg6 ﬁfsere&a‘ bine gareallyof t he

devi ce car r ntrast enhanc roc 00 accordance wth
the pr esQH’P cf ?0 z?gk?thr?&'l?%gh gﬁg]i‘té Sseﬁ?grﬁsh’é‘ ﬂilen iR TEPTeRERty s 256
bins for pbhRaiorbf §lab1Er%ﬁb?els aanazthQ'ZSSth HYi® Qe R s RY Hb%uﬁﬁl?ﬁ’ otveiltebixels.

i ncreasing the gray |ével dth in each bin. Accordingly, each bin now
r epr esentov@vernrasi ﬂilQoH§t<gg’ray Celgulation ¥t esaplire$ higher apsraiimgopaiwercén vint h a

furth e L evel wi dth
For each AR wiBefRlt LR beotetint FRE 6 ot CelRuloBom 8 Megp Bkl

varying @iseygrarewith ymﬂhberf&rblﬁﬁl@bs hb 9", »{rﬁé@éﬁhs theewilitet 0f basbhet inizgeess
102 provi des pre-processing to_ the hi stogram generated by the H stogram

Cal cul at dhatyequlieffigctivaly sednce Ahe fresogtces Jomfprnwepigge cndt teansmission, tharelyr i s
lied |
O <1 elflyP e RIS, 0 el e LN Bl o st DAY

consi ste achieve e current

hi st ogr aacc(o@danbélmthcthermegent epbbdiviede OTdkingthe cafléer Coxaiples dnstéaidoft ing
previ ous f ogram of t.he previous jnput video franme) to conpute a sum of

absol ut e ar fsﬂfné %@@ (DHArARE, & %?grlaﬁim@&m gay b&£¢“ﬁ@€?@rh¥é8°‘ﬁ§slﬂ%ﬂ1ﬁﬁraé’ (1)
nbBi n [0Q32 th $he bi%PSAGéUrhihﬁfPr eachPhif Hdw }eprés%%ts g Q&E@eveg g f&éié’" st]

is the nurrbe prx S incurre eo frane gray-

def i ned ir[steadrorf dne. alw agooeddrics twyith s fmitie:r raltotmetiveo tmpodiedesnt, iinstgadeofi lmvingvi deo

frame uniform gray level width for each bins, the Histogram Calculation 101 generates a
histogram with varying gray level width for each bins.
[0051] The Histogram Pre-Process 102 provides pre-processing to the histogram
generated by the Histogram Calculator 101 with filters. At first, a SAD weighted temporal
filter is applied to minimize variations in the histogram bins’ value for temporal
consistency. To achieve that, the number of bins, nbBin, of the current histogram (of the
current input video frame) are compared with the previous histogram (of the previous input

video frame) to compute a sum of absolute difference (SAD) histogram, S4DHist, as

provided by formula (1),

nbBin
[0052] SADHist = 2 abs(curHist,. - prevHist,.) (€))
[0053] where curHist; is the number of pixels in current video frame with gray-

level values defined for bin 7, and prevHist; is the number of pixels in previous video frame

with gray-level values defined for bin i.



wi th gray-level values defined for bini. 10 [00541 Wth the SADHi st, the
current histogramis ftirther filtered wth a SAD weighted tenporal
recursive filter. As the differences between the histograns increase i.e.
hi gher SADHi st, the weight of the currgpt histogramis increased rel ative
to the previous histogram The SAD % is then normalized with respect
to the active window size and the width of histogrambins, and it is

t uneabl el09§4la gai nWithc thsr SARHist,Tthe ¢urtenéhtstpgmmnerﬁlrth¢n koot avith & $Bvi ded

by the f Hi Hst ur tHlst) X
prevH st We@*e% téé i s{%g‘;é%"eqﬁ{f 'xgt% :thezdlﬂeﬂceﬁv\ﬁ dg{%ﬁlsgﬁrea#es 1\%& ?V-\gst ’nbPi x
, 0 1r. Wehtl S4DHish, the (Wlight[0IABY burfiid tﬁm@g'ranrtblﬁwfeefsecpmmua thé erevivuger of
pi xel s in the defj ned active w ndow of the i nput video, n refers to b|t

rate, bi htmr%u ReIRAD weighy is thas; nerpaligederith tespachto th pelivegwingpwsizeapd

wi dth of 4o gpdnq d UpieS

const ant cont ro ?lﬁﬁg} sensi \a}lltl?)?tl? |afs)lt%o r%aﬁ’hé‘ﬁi"z p‘l’he ngﬁ%@d{l ?@1?%%} of
the fil thtstagmmilsrmovlldydbyotlmrfonnmla(w)t to k, but i nversel y proportional to
filtering Levels. W]Zﬂ nor e Iterl a |red }Hower senS|t|V{ y
(1ower kI9S%ls requfyéttst: aMgNasecUrbidat h’h@’eﬁi ttessed SAD hi<dt ogram
is used for subsequent processing in th% contrast enhancenent process 100

as wel | as conputation of SADHS$bHfs® Qeo frame. [0059] In

accor dan th thgLdees erbodi msnt2” —itinwdh pre hat the st ogr am
isin a f‘ﬁf’?f si ze pi er gtansée That i gpPix say that f g,gi“t, b|t rTQ& it

is required that the nunber of bins, nbBin, is equal to h povver of

n. Accor HORBI y, t hAndjvehese mbiix repecsents the umbser of i dn the deﬁned active

wnor o nbBERCROOr B iBAR idto: Bs(Ekeb i AR MR GORRPEE KB 1985 IBE | e

from t h@v@a%;o\?gﬁyllewsmﬂ{ dMabhiBtogtdns thiin at@d/ tllte $hin factdlr Ski, id Bi ﬁb‘éﬂh@ﬁﬁ@der e j
= i | bi nwdh exanpl e where the 32 bins histogramfor an 8-bit

i mge i scepstaat gendcolling sensitivty fobistegrancehange.afl he senspivity tof @esﬁltqsulﬁélrwﬂyt ogr am
bj d |
L 5 b) oBloobRiRAPANELAR e IR TROEATION. Jhell BArERBIY B Vol ue

defined bdquireddower. schG6idy) (1Sved ) isﬁeqdi&dpmgév@sta Hi st ogram Pre- Process

102, the tenporal filtered and . . L
[0058] The processed SAD histogram is used for subsequent processing in the

contrast enhancement process 100 as well as computation of SADHist for a next video
frame.

[0059] In accordance with the present embodiment, it is preferred that the
histogram is in a full size pixel range. That is to say that for an n-bit image, it is required
that the number of bins, nbBin, is equal to 2 to the power of n. Accordingly, the Histogram
Pre-Process 102 provides conversions/expansions to the histogram when necessary. For
the image where nbBin#2", the full size pixel range histogram bin, hist;, is derived from

the original histogram bin, Hist;, by hfst, = Hist ;| binwdh , where j = i/ binwdh . With the

example where the 32 bins histogram for an 8-bit image is generated in the Histogram
Calculation 101, the 32 bins histogram is subject to expansion to a 256 bins histogram by
dividing each bin value by 8 and repeating the divided or average bin value 8 times along
the defined bin region.

[0060] Still in the process of Histogram Pre-Process 102, the temporal filtered and
possibly expanded histogram is further filtered by a smoothing filter to ensure better

continuity between successive histogram bins. It is known that discontinuities between




possi bly expanded histogramis further filtered by a snoothing filter to
ensure better continuity between successive histogrambins. It is known
that discontinuities between successive histogram bins generate a transfer
curve that results in over-contrasted yjdeos during histogram equalization
process. Further, instead of a conventlbnal histogram equalization process
that flattens the distribution density equally anong the pixel |evel

range, whicessiveshistograimbing gameratgla fransfryssurvehthatresulisginaonePcentrastededdeos02

de- enphagj zes ..t he hi ramdata wt de-.e asiks operator.in th
oot hi ngupi hid Ol SLRHEATRERN G, Pty BTRATSL A SRRl it efm
pr ef er r egqualigitidnnprodess b Asitehs e dastidbution Odensigs e?ﬁll«'yt A@lgy the hj?ligélerevel

snoothing factors in m.d pixel | evels than that of |ow and hig i xel
| evel s siABget Which 1g8dtg in gmmptasal dmagess dlees Histegramst Preireqesy 105 dere zesThe

hi ti . . . ) 0 . = hist, 1
ST 1 e TS gl D ol %
U) S) (5dhe prefein) embgdimenbs( is pre@rityl thatcthé @le-dnfiihady opbratoe prévidds retatipelysent s
0 BB o B4 e S Bl R ™ *
directly piPesitdsRAgmab& He0Rk Tuiftler! @¥Ghsted.! Tnd s‘nﬁ}orﬂgﬂ%’ %‘ftgf anrrobﬂted bPr o

decreaseS the snmoothing factor with the distance gray | eve
for an nfdsimulasidlye(6and g and ¢ are the gain and offset constants

respecti describing, functjon f(i) hi gher g provides higher

di ffer enﬁagﬁi on of * '_o{”r’ﬁi-nét(}f’étc?&?Stfb%f(&éi{%ai ffgﬁent grayscal e | evel s and
hi gher ¢ adjusts gffise;pf (he, LURGt homnkin H0 gise | ower snoot hing
strength. [0063] FI & lgh*b\jrvts( gtr‘ aptﬁs”‘go?ﬂ%gg angs))ZOB, illustrating the

H st ogram Pre- Proc&ps dQabs@hE'graph &)1 represents the hi stogram being

filtered by the weight tenporal filter. The graphs 202 and 203 show two
snmoot henk862]i ne cumhers, hishirepreseatscthe pumberelf pisel af v levelgraluee, gndiplis o011 vi a

t he smoothing fid ter.. The,graph 2 1s formed,aw.thouts £ he de-. enphasi.s
oper at or gk i g PR LR AR oL Girdrhens 3HBE B A e R B R Ge
hand, t Bedlyapdpa@idnalstof picotieingMidvels: e thea Emdkias itlsat Aleereaded tha Blobthihg

smearing_parangters are S=8, g=1/128 and,c=1/2. [0064] Referring now to
FIG 3, fastorgyisipthexdistange frpm, mipl gray develu? wi fon andmit émage apd gpad s@refhest i cs

mar ked t : LSLJ . 3 AL bt ai ..t he
Peak Ana @é?@'&ﬁfﬁéﬁﬁﬁ?@%ﬁ%%{sﬁaéﬁ&eﬁédﬁs&ghﬂgaﬁé@@@b@, z‘ﬁ‘ S%a 'S p%Jsg ?ﬂg %‘ha?oz, a
hi st ogr ahighawvdiffegtidéh ofistpestkingefgétonb@O4en diffeealt graydtdle BOblsaumd Highue ak
density g&}gé’cs offset of the function f{i) to give lower smoothing strength.

[0063] FIG. 2 shows graphs 201, 202 and 203, illustrating the Histogram Pre-

Process 102. The graph 201 represents the histogram being filtered by the weight temporal
filter. The graphs 202 and 203 show two smoothened line curves, which were obtained by
smoothing the graph 201 via the smoothing filter. The graph 202 is formed without the de-
emphasis operator, and the smearing parameters are S=8, g=0 and c=1. On the other hand,
the graph 203 is formed with the de-emphasis operator and the smearing parameters are
S=8, g=1/128 and c=1/2.

[0064] Referring now to FIG. 3, the graph 203 of FIG. 2 is shown with some of its
characteristics marked thereon. The characteristics of the graph 203 are obtained in the
Peak Analysis 103, which include, a peak value 301, a peak position 302, a histogram
average 303, a peak region 304, a peak width 305 and a peak density 306.

[0065] First, the Peak Analysis 103 identifies the peak value 301 of the graph 203.
The peak value 301 is a maximum/highest point of the graph 203. Accordingly, the




[0065] First, the Peak Analysis 103 identifies the peak value 301 of the
graph 203. The peak value 301 is a maxi mum hi ghest point of the graph 203.
Accordingly, the 12 grayscale value of the peak value 301 is identified as
t he peak position 302, peak pos. The {)eak position 302 is provided by the
formula (7), [0066] peak - pos j G hi st2 max 2' -1 (7) 11 histi 1 0 [0067]
where j represents a position nunber in terns of grayscale value of a

hi st ogr agrayseaje valed ¢f the peaksaihtes3®lhe ideintified)asitine Ipeak mositnlBd®2apeqiopast iTirj ,
maxlhisti 12'-1.1 . 0 functiagn for seegking the maxi num (hi ghest) val ue
amongst Rf Q?Sft@nrs’ﬁogtm@my‘%‘egh?’gﬁffofrgﬁlnaéz nts the histogrambin's value at
position i and n represent t nunber of Dbits 0f the image. [0068] The
Peak Anal098fls 103 (ﬂ%ﬁguf’%gfiég%tsfﬁﬁﬁgmséve« age 303, hist - aV91(%5f t he
hi stogram The hi stogram average 303 is an average pi xel population that is
i ndependi967]1t o t he whemk/ veireren304. positivh decntey ihotermus af (Byscae-val® bf st i
active w ndow area [0069] hist-avg=i--O02 n 2 n - (8) [0070] where active
- Wi ndowhistogzambim isshrepresents theuhistegrapt bis’ scedlse fiopesttion  hinax{/itig, adisiave

wi ndow of the image. [0Q071] Then, the histogram average 303 intersects with
the grapfmetien for sgeking thermanimgmydighest) vplue jamonesd /és to_list,s, » Aistigentesestsi n and
n) and the area of .interest according to the present enbodinent is a
boundar yﬂt?éwtﬂ%famwn tS\MBf“Fﬁf BOsIEQN 4 3 sepegsent thq mupaker of Bithefke image e 301,

herei n dgjoksied as i i ag; '
identifi gdebéals t he gggfg%%n %S’gi(%g%g%glwu-[&\?\tnh gtqﬁSlf O%ﬁcﬁglra?gérﬁgﬁﬁgg\o%sé t?he
fornmul a (@) hisjappata] Jhakhisogtam avenage 30B (Olan §@BaEs] pidekpepulatiamdhat tenot e

Caspocti ueyean7ife skt ane T B RERERpRAS: © el ned as an aver age

pi xel population within the peak region 304 provided by the fornula (10),

M I hist, Y hist, .
[0069] hist _avg ==t —or a"”ve-w’;fow—ar ¢a (8)
[0070] where active_window_area means the total number of pixels found within
the active window of the image.
[0071] Then, the histogram average 303 intersects with the graph 203 in at least

two points (projected on x-axis as points m and n) and the area of interest according to the
present embodiment is a boundary defined by two intersections that includes the peak
value 301, herein defined as the peak region 304. The peak region 304 has a width
identified as the peak width 305, peak_width, which is provided by the formula (9),

[0072] peak width=m-n+1 9
[0073] where m and »n denote an upper bound and a lower bound grayscale value of
the peak region 304 respectively.

[0074] Next, the peak density 306 is defined as an average pixel population within
the peak region 304 provided by the formula (10),

i hist,

0075 eak _density = —=2—— 10
[oos] pear y peak _width (10)
[0076] where Ehist,. represents the total number of pixels within the region

i=n

bounded by the upper bound m and the lower bound #, i.e. the peak region.




[0075] peak densit y (10) peak_wdth M [0076] where |hist, represents the
total nunber of pixels within the region 1=n bounded by the upper bound m
and the lower bound n, i.e. the peak region 13 [00771 The Peak Anal ysis
103 then identifies a peak distributioq%(not shown), peak distribution,
defined by the sum of histogran1value1i a section of grayscale |evel
relative to a wdth of the section, which is provided by the fornulas (I

1)-(14), 0078 st, [OayBpalpaialysisi $03F ithant idsntifies a'peak distribytidno(mot lshpwn),

2e5a o et 93RSl P o P 134)

POS secufativé4o a widihlof BeSsestasH, Siidh0ie dvidddesyahs aetps(BPL@8dgNnt s a position
of the histogrambins fromthe hisfogram bin next to the peak to the | ast
((2'-1)th) histogram bins at the rpghst;, of the peak, seclow represents a

posi tion t he hi r am bi frem,t he {j ) bins to the K.
[ 0084] d?@i‘“t he re%%?’g'e%%}a%klggﬁr @e@_b&iaihhjégﬁéw’t pPeak Anal ysi s ?@g t he
Contrast Enhancenent Process 100 proceeds to the Hi stogram Redistribution

104. 1t [0879¥bser veWherehat when enhanci ng an i mage contrast by applying

hi st ogr a ualization tro the entjr I stogram region, risk of nt ed
distorti E)]H&gm sts. ngwt_rigf,?ﬁﬁ%'*nfg g'f]nat ter histogram shape ovgl%\?he
entire hj gram the ngjse e enhanced in un-uniformy colo ar eas
of the |t?§éﬁ Thus,secllon_i@fgflggx'g‘g with this enbodi nent of the pr@gnt
invention, it is preferabl nt_hgé kﬁoshisﬁé ogram nodi fication for contrast
enhancenposgz]i s perf;@r_rmdﬂzj.i.r{za ef I've arrea of the histogram ()
accordance with one enbodi nentpeahi googr e, ,nodi fication is perfornmed within

the peak region 304. [0085] As illustrated in FIG 4, the H stogram

Redi stribution 104 is performed on . ) ) )
[0083] where sec,,, represents a position of the histogram bins from the histogram

bin next to the peak to the last ((2"™-1)™) histogram bins at the right of the peak, seci
represents a position of the histogram bins from the first (0) bins to the peak.

[0084] Once the required data are obtained in the Peak Analysis 103, the Contrast
Enhancement Process 100 proceeds to the Histogram Redistribution 104. It is observed
that when enhancing an image contrast by applying histogram equalization to the entire
histogram region, risk of unwanted distortion exists. Further, having a flatter histogram
shape over the entire histogram, the noise may be enhanced in un-uniformly colored areas
of the image. Thus, in accordance with this embodiment of the present invention, it is
preferable that the histogram modification for contrast enhancement is performed in a
selective area of the histogram. In accordance with one embodiment, histogram
modification is performed within the peak region 304.

[0085] As illustrated in FIG. 4, the Histogram Redistribution 104 is performed on
the histogram which was filtered by the smoothing filter during the Histogram Pre-Process
102. Based on the peak region 304 defined in the Peak Analysis 103, the Histogram
Redistribution 104 distributes pixels of the histogram bins within the peak region 304
symmetrically away from the peak position 301. To pre-empt over-stretching of pixel
values around the histogram bin which corresponds to the peak position 302, the Histogram
Redistribution 104 limits the distributions to only the pixels which fall above the peak
density 306 and within the peak region 304.




t he hi stogram which was filtered by the snoothing filter during the

Hi st ogram Pre-Process 102. Based on the peak region 304 defined in the
Peak Anal ysis 103, the Histogram Redistribution 104 distributes pixels of
the histogrambins within the peak region 304 symetrically away fromthe
peak position 301. To pre-enpt over-stY®tching of pixel values around the
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in which the clipped off bins are moved.

[0087] Still in FIG. 4, starting from the histogram bin 410, the pixel value exceeds
the peak density 306 is clipped and divided into half. Half of the clipped value is added to
the histogram bin 420. As the histogram bin 420 exceeds the peak density 306 as well, the
excess potion of the bin 420 is clipped off and adds to the histogram bin 425 together with
the add-on from bin 410. The clipping and moving processes are repeated to the histogram
bins 429 until the distribution on the left reaches the left boundary, n, of the peak region
304. In this way, pixel values within the peak region 304 in excess of the peak density 306
recursively overflows in the left direction until it is truncated. Likewise, the other half of
the clipped value of the histogram bin 410 is added to the histogram bin 430. As the
histogram bin 430 exceeds the peak density 306 as well, the excess potion of the bin 430 is
clipped off and adds to the histogram bin 435 together with the add-on from bin 410. The



excess potion of the bin 420 is clipped off and adds to the histogram bin
425 together with the add-on frombin 410. The cli pping and novi ng
processes are repeated to the histogram bins 429 until the distribution on
the left reaches the |left boundary, n,,of the peak region 304. In this
way, pixel values within the peak regi 304 in excess of the peak density
306 recursively overflows in the left direction until it is truncated.
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t he char frmmld @6) ¢ of the peak density factor which is

adaptive gain = user gainx peak densi actor
[0090] P ~£ -§ p - ty"f . (15)
xpeak _ pos _ factor x peak _dist _ factor

[0091] where user gain is a user defined gain.

[0092] FIG. § illustrates the characteristic of the peak density factor which is
provided by the formula (16). The X-axis represents a division of peak density by
histogram average, and the Y-axis represents an amplified peak density factor by a factor
of 16. The constants ks and ks are both set at 2, for example.

kg x ((peak _ density/ hist _avg )— l) peak _density | hist _avg <1.5

[0093] ok density factor = 1 1.5 < peak_density/ hist_avg <2
kyx hist _avg/ peak _ density peak _density/ hist _avg > 2
(16)
[0094] where ks and ks are constants which may be defined by user.
[0095] As shown in FIG. 5, the peak density factor begins with graph section 503,

which provides a linear raise graph that intersects with the X-axis at 1. Following that, a
graph section 502 provides a unity peak density factor for a range of peak density between

1.5 and 2 times the histogram average. When the peak density grows more than two times




provided by the forrmula (16). The X-axis represents a division of peak
density by histogram average, and the Y-axis represents an anplified peak
density factor by a factor of 16. The constants k5 and k6 are both set at
2, for exanple. k, x ((peak _ density hist _ avg)- 1) peak densit avg <
1.5 [0093] peak densit factor = ylhis6_ y 1 1.5 t-. peak densit avg :r. 2
ylhist_ k, x hist _ avg / peak densit densit avg > 2 y peak_ ylhist_ (16)
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the other end. It is understood that human visual perception is a non-linear function of
image brightness and the human eye is more sensitive to middle range of brightness. Thus,
the present embodiment imitates the visual sensitivity by providing higher gains to peak
intensities along the center of the pixel range (mid-tone), relatively lower gain for peaks
towards the darker range such that sensitive details in relatively brighter regions are not
over-stretched and very low gains for peaks towards the brighter ends so that more
sensitive details in relatively darker regions are not stretched excessively.

[0097] To cater the above need, it is provided that the peak position factor having
characteristics as shown in FIG. 6. As shown, the graph section 602 provides saturation for
peak position between quarter and mid brightness level (64 < peak pos < 128), and both
graph section 601 and graph section 603 provide a linear downward incline of the peak
position factor towards the brighter end and the darker end respectively. The peak position
factor is provided by formula (17),

(2" - peak _ pos) /2" peak _ pos>128

[0098] peak _ position _ factor = 1 64 < peak _ pos <128 17)

(peak _ pos)/2"" +0.5 peak _ pos < 64
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transfer .curye is above y=x curve for |ower section (left of peak) and
transfer f (18% bel ow y=x for upper section (right of peak), and vise
versa when the peak posjtion factor is applied in inverse contrast node.
Accor di ngloyejone wayy af V| iNgjsng- OTP wRegken the peak position fapgor is
applied 1n contrast no i iqversficonyrast node is to calculate the
difference, dev, of the areas under the transfer curve and the y=x curve.

dev is pEO%W)Zq ed | nwhferoe[ Iglh%t j(r%gi)rs to the transfer curve value at any point i within [p,q];
7=p

i-p
q-p

g
x 2 hist, refers to an identity transfer curve value, whereby the identified transfer
i=r

g
curve is an y=x function; and 2 hist ; refers to the total area under the transfer curve.

i=r
[00103] As a result, in contrast mode,
0, peak _ pos dev <0
[00104] (pgl=] |Opeat-pos] ; an
[peak _pos+1,2" -1] dev>0
[00105] when in inverse contrast mode,
{0, peak _ pos] dev =0
[00106] [p.gl= pos
[peak _pos+1,2" -1] dev=<0

[00107] During pixel distributions, the pixels are randomly distributed on an image.
However, such random distribution may result in unsightly contrasted patches on the

image, especially when the pixels are distributed in the image as texture details. Thus, the



deV = q i-p q [00101] hist, x | histj (18) g-p J=P [00102] where, histj
refers to the transfer curve value at any point i within [p,q]; J=Pi-p g
X | histj refers to an identity transfer curve val ue, whereby the

identified transfer g-p j=p q curve is an y=x ftinction; and | histj
refers to the total area under the traltsfer curve. =P [00103] As a
result, in contrast node, [00104] [p,q] =- [ [O, peak - pos] dev < 0 ; and
1[ peak _Pesksdistribution factor]is peqridedoto propardsixcessiva sprealinganymgobehistegramode, f
[0, peak

~ 0. [001 .[[Peak - pos +.1 .2' - 11 dgv < O
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shows unity saturation of peak distribution factor, preferably, when histogram average is

equal or smaller than peak distribution. Graph section 702 shows that peak distribution
factor decreases linearly as peak distribution decreases relative to histogram average.
Graph section 703 shows zero saturation of peak distribution factor, preferably, when the
histogram is at least 3 times larger than the peak distribution. At zero saturation, no
contrast enhancement is performed, for example, for images that do not require any
contrast enhancement.

[00110] When the adaptive gain is generated, the Transfer Curve Generation 106
generates transfer curves as shown in FIG. 8. The X-axis represents the grayscale of an
input image and the Y-axis represents the grayscale of an output image, generally known
as tone map. The tone map is commonly used in graphic editing tools for adjusting
brightness and contrast. For this document, the explanation for brightness adjustment is
disregarded.

[00111] Referring to FIG. 8, for a pre-process image where there is no change in the
grayscale, the input image is equal to the output image, as represented by the graph Y=X
801. To adjusted the contrast of the input image, the Y=X graph 801 needs to be
transformed into an “S” curve or an inverse “S” curve. To achieve that, a pivot point 810
is defined along Y=X graph 801. The upper portion and lower portion of the Y=X graph
801, also known as cumulative density functions, are bended in two opposing directions
about the pivot point 810, while the two ends of the Y=X graph 801 remains at Y=X.

Effectively, the mid-tone range of the output image is changed which altered the contrast




shows unity saturation of peak distribution factor, preferably, when

hi st ogram average is equal or smaller than peak distribution. Gaph
section 702 shows that peak distribution factor decreases linearly as peak
di stribution decreases relative to histpogram average. G aph section 703
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810, Xxp, TS position an ve

provi dedpivgt pdist S10rtorden 42097 cubleX) EdbhTouifRilftie Likadity fufétdn)is tRn(mdBhali® + (2
n _|_XP) C§X) - X P). X>X P 1 - . C(XP) [00114] curTC = x + adaptive _
gain x (b thejsestipmivydh qpdethe peak prsitionds magped qryie itsekh (Ehe AP (apsfer giiye:| evel

val ue of . pirk8l theliRcdlSd linearly by the adaptive gain computed earlier.
[00117] Humans generally perceive total black in very dark areas and total white in
very bright areas as visually more pleasing. In an alternative embodiment, black and white
boost are added to the transfer curve 803 to form the transfer curve 802 such that dark
areas are brought closer to black and bright areas are brought closer to white. The
operation of the black boost 805 to the transfer curve 803 is such that the transfer curve in
the lower section, fixed to the pivot point 810, is stretched vertically and clipped at the
black level, resulting in a plateau at the lowest end of the pixel range. Similarly, the
operation of the white boost is such that the transfer curve in the upper section, fixed to the
peak position, is stretched vertically and clipped at the white level, resulting in a plateau at

the highest end of the pixel range. The transfer curve 802, y”, is provided by the formula

(22)-(24),
[00118] curTC = x + adaptive _ gain x (y"-x) 21
[ <)
05 (x, + bbst) - bbst xsx,
[00119] Y= ? (22)

X, + (xz,,_1 -x,+ wbst)d%);(céjf)—p—) »
P




t he peak pos and c(x) and c(xp) are the cunul ative function of x. [00116]
Still in FIG 8, the transfer curve 803 is a transfer curve with two

i ndependent curul ative density functions in the | ower and upper sections

pi voted about the pivot point 810 to rman "S" curve. Each cunul ative
density function is then nornalized the section width and the peak
position is mapped onto itself. The output transfer curve, curTCis then
scal ed | &5€yly byb%ge @Maptﬁyeughln conputed earlier. [00117] H
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the trangosz)Cur VewRBR, fSandUs ard fidt défﬂfedtcbﬁéﬁft?for%wcl(%n& RlvhltE Iggogtower

secti on, frxed to the pivot pornt 810, is stretched vertically and cli pped
at the msacthrelevewp seceyidthiingcoumt af ﬂk@rayacalatevelrfeom@h@makem&"df) t he pi xel
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stretcheche gkically and clipped at the white level, resulting in a pI at eau
at the hest end of the pixel range. The transfer curve 802, y".
provi ded[°8$23c]he f obthiheaabqve Aprmuplay, the gorenghs efithecblack beostd dpsri whgtg. n x

g g’( 2 - X) bé bs‘l: V\%é( lagiaﬁg)%o &%%}ch 0 %tlo%er%p%g% & 18g 1‘%{1@ user a ﬁl%té%\}e_ XS gcf
width 2 fa?:&)rs klkzhld[lQ,O ];’—Qril.}:xadqﬂé parama&r caisBE set\ob @512 ahd 4)=2048. Typlkakdy ]k, Wher e,

kband k,, .are user defjned tants for. black and white boost
respect i Pdfgger B'b‘fcﬂ“afi Such aEIE erf%“a"fc‘@%ﬁﬂb%’ﬁt ifs hess Q‘?@y@é“aﬂfé’m@\}@l"“ﬂsom t he

eak to I
O ayscal G2 g, e BaREaR ot Sy bRARRE THE W Wi PRI hee HhiekeBRy
f or mul asjn thdrassfieeogé gendratidueartdl the butpapransfdrasityve iamtippdd within the defined

pixel range.

[00124] The Transfer Curve Post-Process 108 processes the transfer curve with a
weighted temporal filter that provides temporal stabiiity in the contrast enhancement of
video. The current transfer curve is compared with the previous transfer curve to compute
SADTC for a defined pixel range, where the SADTC is provided in formula (25),

27-1
[00125] SADTC = Eabs(curTC ;= prevIC;) (25)

=0
[00126] where curTC; is the output value of the current transfer curve with input i;
and prevTC; is the output value of the previous transfer curve with input i.

[00127] With the SADTC, the current transfer curve is subsequently filtered with a
SAD weighted temporal recursive filter. As the differences between the transfer curves
increase i.e. higher SADTC, the weight of the previous transfer curve is increased relative
to the current transfer curve such that the transient change in transfer curve is smooth and
impulse changes like flicker are avoided.

[00128] A transfer curve weight, wgtTC, is directly proportional to the SADTC and
is adjustable by a gain factor, &, for a fixed transfer curve range. k> may be decreased for
increased filter sensitivity to change and example value is k;=1/16. In addition, the

possibility of scene change is considered in filter weights to reduce sharply the weight or




boost, wbst, are adapted to the width of the | ower and upper section with
user adjustable factors kband k,. An exanple paraneter can be set as
kb=512 and kw=2048. Typically, kw is larger or equal to kb such that the
effect of white boost is |ess than the% of bl ack boost as darker saturated
areas are nore visually pleasing. The 1ack and white boosts are integrated
in the transfer curve generation and the output transfer curve is cI i pped
wi t hin t Fanqysfthe defluegps ef thegprgeious trausfer cmwmamspere change omyat. - Pead€ess
108 proc o t
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conmput e _SADTC for def i ned pi xel ran e, Wwhere the SADIC i s prOV| de

formul a FESFss Y2 cpnpbggisoeps on for %ﬂsgf( ehange, Th efﬁeewe)ghzmscale

[00126] Yiﬁﬁ‘ét%eﬁﬂfn'\df'w?gti}ﬂ? RYARIE V\Aﬁreyere%—éésea QUL o8 THedh3l f4ns e th
input i; and previG is t he out put val ué of the previ ous trans er cur ve

wi t h i npiited WCF 1522 |clippechdiffeeen€ADT Gransfiee coverweight, marBE, candcssene weight,
subsequentl filtered ed tenporal recursive filter. As

t he diffggé%ggé ap REoysle l?ﬂﬁq?Vgﬂgﬁﬁg'%gbves i ncrease i.e. higher SADTC,
the wei gfgo1sy the Wg@TCWAET@m@t@E »%;T@esj s increased relative (3¢ the
current transfer curve such that"'the transient change in transfer curve is
snoot h anﬂ1munpulse%@m@ngesﬁyyke/kLJEker are avoi ded. [00128] A (1gnsfer
curve weight, wgtTC, is directly proportlonal to the SADTC and is

adj ust ab[oe1dy a gaiwgrf@etwgrTCk2wghSoened) £ wxellC knansfer curve ranggg8)k2may be
decreased for increased filter sensitivity tgo change and exanple value is
k2=1116. [00M32ddi t | ow I, hewgtﬁé's;spitWTC,t-y(lefwg&"é’ ecwilihge i s consi d€2®d in
filter weights to reduce sharply the weight or 21 renove the influence of
t he prev/09833lt ransWéﬁrecthlﬁ\lE”eV&meférstethe mﬁg@w@cuglﬁ beSoreribe chingegel can
be chara i d o] ct ogram T aI cuI at ed
e ghe 1 8SeTF ABE e ALt ihd b SR i PBL Hierondh e SRR, aff oy T T
t he Hlstagmathre- Process 102 can be used as |nd|cat|on for scene change.
The scene weight is a scaled and offset version of wgtHi st'. Exanple

val ues af91¥3=256 HKhacqoadange gvithrga alterngfive embodunent, fuper fqmposql %ehiltt is a
h
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wgt Scene, as provid in t or mu
exemplary embodiment is the limitation of the change in final adaptive gains for each

section to be within £1/64 of the maximum gain of the contrast enhancement system such
that the adaptive gains do not create sudden change in the enhanced video as a result of the
analysis of its content.

[00135] In accordance with an alternative embodiment, the transfer curve may
preferably be implemented in the form of a look-up table. For memory-saving
implementations of transfer curve that has range or resolution less than the pixel range, the
pixel mapping function may preferably extract the neighboring table entries and perform a
linear interpolation to compute the output pixel value.

[00136] In the above description, the term video, video frame, and video image are
used. It is understood to those skilled persons that embodiments of the present invention
may be applied to different images sources, including broadcasted videos, video CDs,
DVDs, or still images, to improve the contrast quality with user-defined contrast strength
before displaying or encoding.

[00137] Referring now to FIG. 9, there is provided a schematic block diagram of a

TV display processor 900 having the contrast enhancement process 100 embedded therein.




[00129] wgt TC = SADTC / k2,0 5 wgt TC:s 1 (26) [001301 wgt Scene = wgt Hi st |
k3- k4 (27) [001311 wgt TC = wgt TC - wgt Scene, 0: 5 wgt TC: 51 (28) [00132]
curTC, = wgtTC x prevTC, + (1 - wgtTO x curTC, (29) [00133] where the
prevTIC refers to the transfer curve right before the change of scene and
curTC refers to the transfer curve ri after the change of scene, and
k2-k4are constants. [00134] In accordance with an alternative enbodi nent,

further Therddrdisplay amcmss)yml(hamdqsgmmg isadapisd tacerctvipcmalapsigngls he.
control v, gl r
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i mage are used. i s understood to those skilled persons that enbodi nents
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bl ock di agr amof a TV display processor 900 havi ng t he contr ast
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Progressive Conversion 906. The progressive signals are then scaled, cropped and zoomed

to an appropriate size and format via the Image Size Control 907. The processed video
signals are enhanced for better subjective effects with an Image Enhancement Circuit 912
prior to output.

[00139] In FIG. 9, the Image Enhancement Circuit 912 includes Contrast
Enhancement 908, Transient Improvement 909 and Contrast, Saturation and Brightness
Adjustment 910. Briefly, the Contrast Enhancement 908 performs the contrast
enhancement processing 100 of FIG. 1, for increasing the video contrast. The Transient
Improvement 909 improves the video edge details. The Contrast, Saturation & Brightness
Adjustment 910 adjusts a dynamic range and saturation of the video according to user
preferences. Subsequently, the enhanced video signals are converted to an appropriate
color format, using Color Space Conversion 911 for outputting. The color format is
dependent on the type of output device used for displaying, for example, RGB signal
format is used for cathode ray tube (CRT) display.

[00140] According to an embodiment of the present invention, the contrast

enhancement process 100 may be applied in any formats of videos or still images. FIG. 10



YW (Lum nance- Chrom nance) signals (one | um nance and two chrom nance
conponents) in the Conposite Decoder 902. These conponents nay be processed
by Anal og Noi se Reduction 903 to renobve undesired Gaussi an and i npul se

noi se, which are introduced during trgansm ssion and conversi on processes.
Tenporal and spatial noise filters be used for Anal og Noi se Reduction
903. Likgﬁ%se for digital input signals, often in the formof conpressed

bit strebiisttatet acseheratie Rigeks diagram fdcenmiiast; snhancemisnh o dbg componsng
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si gnal s Bnkaneementcl®81 perfoimes cantrast dnhancemest bedsed on shepnerations phrthgecontrast

Enhancenent. Cir cui 12 naPr0r Lo output.. [0Q139]. In F 9. the |l e
Ennancengen gl pfoedi100b e Spibe fpnd b il bt BssOmpbiti Ih

| Npr ovengighal® e procesSedby & Chrorriiabiécabtafation CoBipedutios 3902 Asldeisdndeite o710.
Briefly, the Contrast, Enhancenent 908 perforns the contrast enhancenent

processi H§ dwvogonin bngnance signaly Xor ks Y ng 1Q BivevGompsnsaiast ehreminange signal§si ent
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signals are converied.t n appropriate color formaf, usin | or ace
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applied |n N s _of videos .or still i s.. .Fl 10 2 ILlLlustrates a
et el b lciEl e, #or ERemni e Histeralaroupor R v a s eim
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occurs in the Contrast Enhancenent 908 of the |Inmage Contrast Enhancenent

912 of Feanse@utivyiggaystales. nlaicelse nodrastood thabfin aprordanep ovithra fuytber slteynative i s

processe . \ nance .Cont rast, Enhancenent 1001 to ovide an enhanced

out put S?Iélﬁ%’&l%ﬁﬂ lr}be %Fﬁew mo't;] éeﬁ%}é b&b Apay; include varying RuBRbRVof Gof¥eetive
grayscales, preferably, less bin width for mid-tone bins and gradually wider bin width for

brighter and darker tone bins. As mentioned, the histogram of the 8-bits luminance signal
will be expanded to full size pixel range (i.e. one grayscale per bin) during the Histogram
Pre-processing 102, as preferred by the Contrast Enhancement Process 100.

[00142] In accordance with an embodiment of the present invention, it should
preferably, but not limited, be applied on a relatively noise-free video or a video that has
subjected to noise reduction to prevent undesirable effects of noise ampliﬁcation.‘ Contrast
Enhancement Process 100 may be applied in conjunction with detail and color
enhancement techniques to provide a full image enhancement solution.

[00143] The industrial fields of application include video-related consumer products
like television, display sets, video CD player, DVD players and set-top-boxes and software
products with image processing, video editing functions.

[00144] While this detailed description has set forth some embodiments of the

present invention, the appended claims are sufficiently supported to cover and will cover




Enhancenent 1001 perforns contrast enhancenent based on the operations of
the contrast enhancenent process 100. The chrom nance signals Crin and
Cbin of the conponent YUV signals are processed by a Chrom nance

Sat urati on Conpensation 1002 in depen ce of the change in |um nance
signals Yin and Yout to give conpensat chrom nance signals Crout and
CbQut.. A known nethod of Chrom nance Saturation Conpensation may be found

in US paPtst embedimentsiod thopesyny @irvention whirhadiffersfrpm) the described embodiments

conj unct | 1 . i J rat
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ment i oneloeexanipde, the tontmsperthacaneat plugessthay ldeatifyor plardlisy ohpeakslifivar tee
nunber of. bins less {h .th ull pixel level range. For exanple, the
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al t er nat avene ofrthofiictosmr bytpre-s¢tiing tiedtstr gin @akh bin may i ncl ude varying
nunber of consecutive grayscales, preferably, less bin wdth for m d-tone
bins and gradually wider bin wdth for brighter and darker tone bins. As
mentioned, the histogramof the 8-bits |um nance signal wll be expanded
to full size pixel range (i.e. one grayscale per bin) during the H stogram
Pre-processing 102, as preferred by the Contrast Enhancenent Process 100.
[00142] In accordance with an enbodi nent of the present invention, it
should preferably, but not limted, be applied on a relatively noise-free
video or a video that has subjected to noise reduction to prevent

undesi rabl e effects of noise anplification. Contrast Enhancenent Process
100 may be applied in conjunction with detail and col or enhancenent
techniques to provide a full imge enhancenent solution. [00143] The
industrial fields of application include video-related consuner products

| i ke tel evision, display sets, video CD player, DVD players and
set-top-boxes and software products with inmage processing, video editing
functions. [001"] Wiile this detailed description has set forth sone

enbodi ments of the present invention, the appended clains are sufficiently
supported to cover and will cover 24 other enbodinments of the present

i nvention which differ fromthe described enbodi nents according to various
nodi fi cations and i nprovenents apparent to those skilled in the art. For
exanpl e, the contrast enhancenent process may identify a plurality of peaks
fromthe histogramfor re-distributing the histogram In addition, the
contrast enhancenent process




may provide a fully automated adaptive gain conputation either by excluding
the user gain as one of the factor, or by pre-setting the user gain as 1.
25 CLAIMS What is claimed is: | . A process for enhancing contrast of an
i mage having pixels in different brig ess intensities, the process
conprising: generating a histogramin Ui screte bins, each bin representing
a pi xel population of at |east one pixel brightness intensity; identifying
a peak and a peak region of the his wherein the peak region is a
range of discrete bins around the peak; conputing an average pi xel

popul ati on within the peak region; distributing the pixel popul ations of

t he di scMhaeisilaimediis:hi n t he peak region that exceeds the average pixel
popul ation; and generating a transfer curve for mapping onto the inage. 2.
The process according to claim11l, wherein the histogramhas 2' discrete
bins, where R pdcdts FoEnh@hciRy tontlist bhsh iMBQPhavihg pikds B SEREht %ﬁgﬁﬁl@lﬂsng to
claiml1, further conprising expanding the histogramto provide n

di scr et elbensiegbe prasessgondrisii@d hi st ogram has a nunmber of discrete bins

| ess than 2 J ef. Lts Of t.he | e, 4. .7 I S
according to g?%g?%n% ﬂ?lhrr%g er C%?f%%tiels%llﬁnsg e?cihl '%uér??pﬁ%n& & BPEo ?Iglr%&\gﬂ (?S‘uf a
snoot hi ngt Ikast bae pixer brightneds figerditg,cont i nui ti es of pixel popul ation between
successive djscrete bins. 5 The process according to claimd4, wherein the
snoot hi ng fi | t4spt é?ﬁa@?%@isandswf@kﬁ%gnpﬁaedw?grawdmﬁ@mhﬁ PERETeZIANIB i ng

filter ph&gggﬁgﬁ&?ﬁgﬁh%?%ﬁ?gﬁggﬁﬂgsnDothing factors at md | evel pixe

intensitie | ow pi xel intensities. 6. The process
accordi ng to computinfg anvadverage pixehpomaimnhvitdn the feek rdgiot; her conpri ses a

[ f de: hasi zi t hi st og| .,26 7. Th
Ceor di g o BRATHIBE UhBRE| RORTRIQIRE P SRl s iR thePeak REOAR.

density gtRedBRbidrhgIpiRaRPuRAot;MRdl i1 tered histogram 8. The process
according to claim1, wherein the pixel populations exceeded the

generating a transfer curve for mapping onto the image.

2. The process according to claim 1, wherein the histogram has 2" discrete bins, where

n is number of bits of the image.

3. The process according to claim 1, further comprising expanding the histogram to
provide 2" discrete bins when the generated histogram has a number of discrete bins less

than 2", where n is number of bits of the image.

4. The process according to claim 1, further comprising filtering the histogram with a
smoothing filter for avoiding discontinuities of pixel population between successive

discrete bins.

5. The process according to claim 4, wherein the smoothing filter comprises
smoothing factors, and wherein the smoothing filter provides relatively higher smoothing

factors at mid level pixel intensities than that of high and low pixel intensities.

6. The process according to claim S5, wherein the smoothing filter further comprises a

smearing parameter for de-emphasizing the histogram.




average pi xel population is distributed along two sides of the peak. 9. The
process according to claim8, wherein the distribution occurs within the
peak region, and overflows when the distribution of the pixel popul ation
reaches boundaries of the peak regioq% re truncated. 10. The process
according to claim1, further conprisifg conputing an adaptive gain based
on the peak, the peak region and the average pixel population. 11. The
process according to claim 10, wherein the adaptive gain is conputed based

on a peak dersl i i . ( . j
1 hi ot Py - L e R BomRlA! i BRAREHN ot e RO REIAIENRY the peak,
1. 5:r pedénsilgns ideptifiiddasalan the fikterdd, histogramit avg / peak _ density peak
densit avg > 2 ylhist_ where kb and k6 are constants, peak density
represents the average pixel popul ation; histayg represents an average of a

total pigel pypylRbdead a0RlingNE MDA vitfereifliRE N ﬂ%bﬁl%tioﬂszexc-gafedpfh@cess
according to claim 10, whereln the adaptive gain is conputed based on a

peak pospvdrage fisdpopulptievisdlsdribyted along kwo gidecofithakeakos) 1128 peak_ pos > 128
peak _ position _ factor 1 64 ~-. peak_ pos :r. 128 (peak _ pos) / 128 +
0.5 peak_ pos < 64 wherein peak pos represents an intensity |evel of the

peak. 139. TheThe pERes @esint fd0clhigh 8! WhéeitOthe \WeiMitidnt JtBuRdaiiih & Sakn i S
conput ed based on a peak distribution factor is provided by fornula 27
peak - dragion, angjoxerflowsyhepdhk distritation jof gheopixelipopulption meashesabeyndatigs-ofi st

hi st - avofRaRk Mot Builated. 2V Y

10.  The process according to claim 1, further comprising computing an adaptive gain

based on the peak, the peak region and the average pixel population.

11.  The process according to claim 10, wherein the adaptive gain is computed based on
a peak density factor provided by formula

kg% ((peak _density/ hist _avg )— 1) peak _density [ hist _avg <1.5
peak _density _ factor = 1 1.5 < peak _density/ hist _avg <2
ky x hist _avg/ peak _density peak _density/ hist _avg > 2

, where ks and kg are constants,
peak_density represents the average pixel population;

hist_avg represents an average of a total pixel population over the number of

discrete bins.

12.  The process according to claim 10, wherein the adaptive gain is computed based on
a peak position factor provided by formula

(256 — peak _pos)/128 peak _pos >128
peak _ position _ factor = 1 64 < peak _pos <128
(peak _pos)/128+0.5 peak _pos < 64

, wherein peak_pos represents an intensity level of the peak.

13.  The process according to claim 10, wherein the adaptive gain is computed based on

a peak distribution factor is provided by formula




O peak - dist :r. 3 x hist _ avg where hist - avg represents an average of
a total pixel population over the nunber of discrete bins, peak-dist
represents a sum of pixel populations within a section relative to a width
of the section. 14. The process accordjshg to claim1l, wherein the transfer
curve conprising two opposing banded curve separated by a pivot point that
corresponds to the peak. 15. The process according to claim 14, wherein the
transfer curve is proyided by Yornulas curTC 2o _dishahish i¥®e  gain x

(y' -x) CEpgh AisK: et =Y.5- 0. 3phist (_avg / Xedk _fd{sk ) hist Cang ppedk >dixt < Jehist_dvgC~P) p
where, curTC and x represent the input and outppsk dpk Xekrl iaght ness
intensity respectively, xp is a peak position of the peak and c(x) and
c(xp) ar e whese bishubatepresentfst amaverage of axtotat pixtéfpopelitias oXer GeXunbestof peak
pas C(Xp),. hist, where, histj is the pixel population at pixel intensity

level i.dB&eHIS. brocess according to claim 15, wherein the transfer curve
i's provided byeaf GiimthASedtiih Mot | ¥Bors0aH RIS 4 bbst )
"ot 5, Perk QRS Moo iR BBbiion o Yo g i
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14.  The process according to claim 1, wherein the transfer curve comprising two

opposing banded curve separated by a pivot point that corresponds to the peak.

15.  The process according to claim 14, wherein the transfer curve is provided by

formulas

curTC = x + adaptive _gainx (y'-x)

cfx)
;mx xsx,

p
' p
xp+(2” —xp—l)c%g%é%) x>x,
14

where, curTC and x represent the input and output pixel brightness intensity

y

respectively, x, is a peak position of the peak and c(x) and c(x,) are the cumulative
function of x, x,, defined as
c(x) =" hist,

peak__ pos

o(x,) = Zhisti

[

where, hist; is the pixel population at pixel intensity level i.

16.  The process according to claim 15, wherein the transfer curve is provided by
formulas

curTC = x + adaptive _gain x (y"-x)



wbst - upp - sec- width 2 k,, where, curTC and x represent the input and
out put pixel brightness intensity respectively, xp is a peak position of

t he peak and c(x) and c(xp) are the cumulative function of x, xp defined
as X C(X) histj peak pas C(Xp) hist, igstj is the pixel population at

pi xel intensity level i. kband k, are constants upp .. nc wdth is a count
of brightness intensity fromthe peak to (2'- 1)J" brightness intensity,

| ower - sec - width i$ a céunt( of hriyg Ss | sities fromthe "
brightness intensity [to tle ﬁéaQ?BTQ_Q%ﬁﬁ progéggpaccording to claiml,
wherein the histogyamis prolided basa&aon %3 actiye wi ndow of the inmage.
18. The process accor kng(%évg{qlu%&lc éFéf ppgxpeak regi on conpri sing
continuous discrete Ipihs i'fg prx Ilpggygation Ai gher than a hi st ogram
average, wherein the ‘histogram average i$°an average of a total pixe
popul ation over the nunper of Jisgprete bins. 19. The process according to
claim1, wherein thbstprocéss—s—applied on a video conprising video franes
of images. 29 20. The procé@s according to claim19, further conprising:
conputing a sum of absolute diff j£nce (SAD) of the histogramof a current
i mmge based on a pagmiﬁﬁ%:fﬁaﬁﬂﬁ_and perforning a SAD wei ght recursive
tenporal filtering to the histogram 21. The process according to claim
19, further conprising. conmputing a S@? of transfer curve; . and performng a
SAD wei ght ed r &X§F&| &7 é Ador AePresent &h Hipuband utRut 1Sl brightiese Intossity o

| mage processpiy @k HNRARG Rk pOGHSRSH thpefld ahdTBEF AP ¥ )%l iReluinulative

conpri si ng:

function of x, x, defined as

c(x) =) hist,

=

peak _ pos
c(x,) = hist,

=

hist; is the pixel population at pixel intensity level i.

ky and k,, are constants

upp_sec_width is a count of brightness intensity from the peak to (2"-1)® brightness
intensity,

lower_sec_width is a count of brightness intensities from the 0" brightness intensity

to the peak.

17.  The process according to claim 1, wherein the histogram is provided based on an

active window of the image.

18.  The process according to claim 1, wherein the peak region comprising continuous |
discrete bins having pixel population higher than a histogram average, wherein the
histogram average is an average of a total pixel population over the number of discrete

bins.

19.  The process according to claim 1, wherein the process is applied on a video

comprising video frames of images.



a histogram generator for generating a histogramin discrete bins, each bin
representing a pixel population of at |east one pixel brightness intensity;
a peak analyzer for identifying a peak, a peak region and an average pi xel
popul ati on of the histogram wherein té*ge peak region is a range of discrete
bi ns around the peak, and the average pixel population is an average of
the pixel popylation within the peak _region; a pixel distributor for
distri bu{ZP'ng #h%PiﬂC%Sé@C%SWEé?FBHg%&WE@WF&ge bins within the peak
region that ewxﬁﬁﬁﬁlgtmm%?a@saﬁu@aﬁf&engereslA9§ bPthe HGerdm! d ht fnfo¥e
generator for generating a transfer curve fof mapping onto the 1 mage. 23.
The i magbased ovegweviousdomeetiand to cl ai m 22, wherein the histogramhas 2 n

di screte bins, .where is._nunber of bits of .the i . 24. The inmage

pr ocessor accB?rg‘?rmjng%gé;D;WFﬁgg%eCWﬁ’é’F ?Iﬂp‘frﬁleﬁl}ﬁné‘%gﬁgﬁ’ﬂ?tggr%anded to
provide 2 n discrete bins when the generated histogram has a nunber of
discrete bins less n than 2 , where n is nunber of bits of the inmage. 25.
The i magélpr odbepivcess@eemdingdo clairg(19i ferther comprisingr a snoothing filter for
filtering th j r f I dj jpscontinuities of pixel population
bet ween succeg%‘?b/%}n%igds%&gtog%aﬁ%&%s&g‘gag‘gG. The i mage processor according to
claim25, whepeiforniiliea SKDOWBigh@dirédursive Raipofdl filtéring 0P tHehtangfef agver s, and
wherein the snoothing filter provides relatively higher snoothing factors
at md |level pixel intensities than that of high and | ow pixel intensities.
27. The byage Apr; GERL Shing I : Kel: “h%& ng filter
further Q%%npélﬁéglggéaﬁlgﬁgsgrl négpar gﬁrrjgtcglrﬁ%sgb g%e“%%%#%ﬁ%%%@ e ﬁglsn%bgr am
28. The i magea pistopeas genaatonfati gendrating ai rhistagramh én ediscretee bpsakeaaln abinz er
identifies the peak, the peak.region, and th eak density based on the
filtered ey, IX8lgpopi OPﬁﬁﬂfggﬁ BleRK rbrﬁg SHIHESEHG cl ai m 22, wherein
the pixel di spridiutladbstini hihGsying NE pRiX el JRAPULALH O g% GRered ik

aver age pi xel.pl?)pul ataj}%\rel al ong t.%nési dgs 6_f @pﬁe pe%k. ~30. The |%ma%1e

pr ocessopordmdiithe histogram,mvirgsinuwhepeakregite ipd raake of discietsubios ardined thebut es

_ e iotogta peskrtegine i waige of discictsLior i
poputat 1 B AR eReedhiert fphERoR i £REhaR oL 1R Mo Hrh G phbiBuiASk

boundari ggigf; the peak region are truncated.

a pixel distributor for distributing the pixel populations of the discrete bins within
the peak region that exceeds the average pixel population; and
a transfer curve generator for generating a transfer curve for mapping onto the

image.

23.  The image processor according to claim 22, wherein the histogram has 2" discrete

bins, where n is number of bits of the image.

24.  The image processor according to claim 22, wherein the histogram is expanded to
provide 2" discrete bins when the generated histogram has a number of discrete bins less

than 2", where n is number of bits of the image.

25.  The image processor according to claim 22, further a smoothing filter for filtering
the histogram for avoiding discontinuities of pixel population between successive discrete

bins.




31. The image processor according to claim?22, further conprising an
adaptive gain calculator for conputing an adaptive gain based on the peak
t he peak region and the average pixel population. 32. The inmage processor
according to claim3 1, wherein the adgptive gain is conputed based on a
peak density factor provided by formula k, x ((peak density / hist _ avg)-

1 eak nsif.avg < 1.5 vyl hist denS|t Jact or . peak densit
yl) hipst aéé % Pé%aSF W%?SS‘&\PQC‘HQHHS tﬂéﬂ%mt%d@’ﬁﬁlietn %@msvotiomg @flte;s@ampym st
wher e k5sﬁ86’thﬁ1% fAbRr< AR LWtk t}&eﬁ%&ﬁﬂglﬂ% pRRAGS %Qllfaﬁvag Bidee SR8Gin i~ e
popul ati on; hist-aV9 represents an aver a tota popul at1 0n over
t he nurbé&actass at nlidsleve tpixdbintensitR3 thaﬁhhathfﬂlm prddowgixel 1mmsﬂred| ng to claim3
1, wherein the adaptive gain is conputed based on a peak position factor
provided by formula 31 (256 -peak_ pos) 1128 peak_ pos > 128 peak

posi tion2z, fagheimhgd picteftBbiccobdfig o Lhdm i@%&ﬁ%ﬂé gtggdfamé MERkurtRQS < 64
wher ei n peak-pos represents an intensity |'evel of the peak. 34. The i mage
pr ocessoFOHPIRS @ismygating paraingies for devgmnhabiging ke bigegranve gain is conputed
based on a peak distribution factor is provided by formula | peak - dist a
hi st _ avg peak_ dist_ jactor= 1.5-0.5xhi st_a-vglpeak-di st

hi st - a- v@g&peakhdiimhsSsfucedsor acvogding t® Rlim- Zﬂlvﬂierelﬁ_) the Pedki nalyzerid@ntifi&r €
hi st-aV9 represents _an averag{e of a taotal pixel {)ul ation over the nunber

of di scHhetisakthe pegkaggion; and h‘*eb"ra@sd@ﬁﬁlg’ léﬂs%ﬁﬁlﬁfe fitexesd higlegyamat i ons within a

section relative to a width of the section.

29.  The image processor according to claim 22, wherein the pixel distributor distributes

the pixel populations exceeded the average pixel population along two sides of the peak.

30.  The image processor according to claim 29, wherein the pixel distributor distributes
the pixel populations within the peak region, and overflows the pixel populations when the

distribution of the pixel population reaches boundaries of the peak region are truncated.

31.  The image processor according to claim 22, further comprising an adaptive gain
calculator for computing an adaptive gain based on the peak, the peak region and the

average pixel population.

32.  The image processor according to claim 31, wherein the adaptive gain is computed
based on a peak density factor provided by formula

ks x ((peak _density/ hist _avg )— 1) peak _density/ hist _avg <1.5
peak _density _ factor = 1 1.5 < peak _density/ hist _avg <2
kg x hist _avg/ peak _density peak _density/ hist _avg >2

, where ks and ks are constants,
peak_density represents the average pixel population;

hist_avg represents an average of a total pixel population over the number of

discrete bins.

33.  The image processor according to claim 31, wherein the adaptive gain is computed

based on a peak position factor provided by formula



35. The image processor according to claim?22, wherein the transfer curve

conpri si ng

two opposi ng banded curve separated by a pivot point that

corresponds to the peak. 36. The inage processor according to claim 35,

wherein the transfer curve is provide
gain x (y-x) C(X) XP X:5 XP C(X P)

by formulas curTC = x + adaptive _
S C(XP) Y~jxp +(2- - xp- 1)1

- C(XP) ~ X>XP wher e,
bri ghtness intensity
c(x) and re¢kxppsidane fedve
hi st, peak pos hist,

curTC and x represent the input and output pixel
r f§Pbcerafelrygs)/ Y | week pwar1Fosi ti on of the peak and
unul ative ftin6ts pmkopossl2&p defined as X C(X)

(Fi)_phenes+ 65 st pdab_ by api xel

popul ati on at pi xel

intensity |evel i.

32 37. The inmage processor according to claim 36,

wher ei n t Wheteirgpesk efos cepreentsanfineusityeldvel oy tHeqreakil as cur TC x + adaptive -

gain x (y " -x) ¢ (x) (xp + bbst) - bbst XS XP C(XP) Y W- C(XP) - Xp +
(X255 - "X~ p + wbst) C1 - C(XP) , X>XP bbst low - sec- width 2 kb wbst

upp - segg W ¢h8ig WielcBordig 18 ClAAS 1X wheRIE R HdapiiR daMPit ?ﬂﬂ dgut put
pi xel bright nessliar‘ﬁelépﬁgicetsy recs%regttél vely, xb“}l’hs a pe;hga osi%alﬂgn c(()) t he peak

and c(x) based oo @pshk distributien €actarlisiprovided by formula

1

peak _dist = hist _avg

peak _dist _ factor = 1.5-0.5x hist _avg/ peak dist hist _avg < peak _dist <3xhist _avg

0

peak _dist =3xhist _avg

, where hist avg represents an average of a total pixel population over the number of
discrete bins,
peak dist represents a sum of pixel populations within a section relative to a width

of the section.

35.

two opposing banded curve separated by a pivot point that corresponds to the peak.

The image processor according to claim 22, wherein the transfer curve comprising

36.

by formulas

The image processor according to claim 35, wherein the transfer curve is provided

curTC = x + adaptive _gainx (y'-x)

c(<x>)x,,
. cix,
x +{(2"-x, - Mx—”) xX>x
)

where, curTC and x represent the input and output pixel brightness intensity
respectively, x, is a peak position of the peak and ¢(x) and c¢(x,) are the cumulative

function of x, x, defined as

X
c(x)=") hist,

=

peak  pos
c(x,) = Zhist,

where, hist; is the pixel population at pixel intensity level i.




function of x, xp defined as X C(X) hist, peak pos C(Xp) hist, histj is
the pixel population at pixel intensity level L kband kw are constants, n
upp___~ec width is a count of brightness intensity fromthe peak to (2
_1)" hbrightness intensity, lower - s - wdth is a count of brightness
intensities fromthe O hbrightness intensity to the peak. 38. The inage
processor according to claim 22, wherein the histogramis provided based
on an active w ndow of the imge. 39. The inage processor according to

cl ai m 22 37whergk R %ﬁ%@p@@%oﬁ é%%ﬂ'ihg%r@élhﬂé‘the?éiﬂ%hé“&&?&é?er%ﬁ%ﬁ?hf‘mi?c'}l]éas
havi ng pi xel popula on higher than a histdgram average, wherei

hi st ogr abydomrdafe i s an average of a total pixel population over the nunber
of dlscrg%gr b5n§mﬁ%%ve llegm_ ge processor according to claim 22,
wherein the 1 nage proces e for processing a video conprising vi deo
frames of images. 41. (The k proc ssor according to claim40, further
conprising: nmeans for |co é: —dﬂmabsoluxexglfference (SAD) of the
hi stogram of a curgent i ased on a previous inmge; and a SAD wei ght
recursive tenporalyfl ter for per for ng _%.§ D wei ght recursive tenporal
filtering to the hist ggaﬁnEAQX-Fhés coekdi,ng to claim40, further
conprising neans for {conputing a SAl bt t¥dnsfer curve; and a SAD wei ght
recursive tenporal filter for performng a SAD weighted recursive tenpora
filtering on the t%agsf@WLdﬁﬂyEuﬁM% A display conprising: a receiver for
receiving input inage fromijgage sources;

312
whst < PP =S€C_ width

, where, curTC and x represent the input and output pixel brightness intensity
respectively, x;, is a peak position of the peak and c¢(x) and c(x,) are the cumulative

function of x, x, defined as

X
c(x) ="y hist,

=

peak _ pos
c(x,) = hist,

=

hist; is the pixel population at pixel intensity level i.

ky and k,, are constants,

upp_sec_width is a count of brightness intensity from the peak to (2"-1)™ brightness
intensity,

lower_sec_width is a count of brightness intensities from the 0™ brightness intensity
to the peak.

38.  The image processor according to claim 22, wherein the histogram is provided

based on an active window of the image.

39.  The image processor according to claim 22, wherein the peak region comprising
continuous discrete bins having pixel population higher than a histogram average, wherein
the histogram average is an average of a total pixel population over the number of discrete

bins.




an i mage processor according to any one of the clains 22-42.
outputting the processed inage.

a screen for

33

40.  The image processor according to claim 22, wherein the image processor is use for

processing a video comprising video frames of images.

41.  The image processor according to claim 40, further comprising:

means for computing a sum of absolute difference (SAD) of the histogram of a
current image based on a previous image; and

a SAD weight recursive temporal filter for performing a SAD weight recursive

temporal filtering to the histogram.

42.  The process according to claim 40, further comprising
means for computing a SAD of transfer curve; and
a SAD weight recursive temporal filter for performing a SAD weighted recursive

temporal filtering on the transfer curve.

43. A display comprising:
a receiver for receiving input image from image sources;
an image processor according to any one of the claims 22-42.

a screen for outputting the processed image.




