;e3e n <6TnV , METHOD AND SYSTEM FOR CONTRAST ENHANCEMENT OF DI G TAL

VI DEO FI ELD OF TH ON 5 The present invention relates to a nethod
and systemfor\lwmj&mm “\he overall picture contrast of digital video
signal s by usi tically configurable mapping function that is
automatical ly sel e60%8 from a predeterm ned set of mapping functions based
on set criteria. 10 BACKGROUND OF THE | NVENTI ON The need for video contrast
enhancenent nay arise due to the picture contrast distortions caused by

transm ssion | W mmmmmw the limtations of video capturing devices or
medi a, 15 Exanmm o signals requiting contrast enhancenent are
vi deo pictures thatsge too dark, too bright, too lowin contrast or are
over contrast. Mapping functions are nornmally used to map the original
| um nance val UMETRODeAND SYSTFNEOR GONXERAST ENIJANCEMENT OF ddGITAZNe i nto
new respective values. Figures 1 to 4 ?ﬁyﬂd ustrate different exanples of

0 4,

such mapping functions. In Figures 1t he hori zontal axis represents
the original |um nance val ues of those pixels in a picture and the verti cal

axi s represe t ' i xel | um nance val ues using each mappi ng
function bas&i%ggaﬁhﬁﬁﬁ%ﬁ%fi ginal lum nation value. The mapped out put
picture ggenerally inproves the contrast of the picture, and give a better

subj ective quality. 25 In US Patent Nos 5,388,168 and 6, 259, 472, the
mappi ng f unckheoresegiuentiongrelptes th Asmethed apdhsystese der ¢nbaeriny tgl everallepigisiesi t y

Function (" " ol ' P 48 ppi ng
functions a?gﬁtgraesﬁg? g{gg? ﬁg&c%%%éﬂﬁ%%e L}télgzgg?zla%@érgg’{aﬁg %?ﬁ?‘g%ng@t ure
bei ng pr oceshads mitomatidally GEdected frpmenpredetdrminsd setegrapphigsiinggioasbas8d on set
correspondin e earlier field pictures. In US Patent 5,937,090, the
original picture'is first quantised and then the CDF of the quantised
picture histogramis used to generate the

BACKGROUND OF THE INVENTION

The need for video contrast enhancement may arise due to the picture contrast distortions
caused by transmission limitations or the limitations of video capturing devices or media,
15 Examples of video signals requiring contrast enhancement are video pictures that are too

dark, too bright, too low in contrast or are over contrast.

Mapping functions are normally used to map the original luminance values for each
respective pixel in a picture or video frame into new respective values. Figures 1 to 4
20 illustrate different examples of such mapping functions. In Figures 1 to 4, the horizontal
axis represents the original luminance values of those pixels in a picture and the vertical
axis represents the adjusted pixel luminance values using each mapping function based on
each pixel's original lumination value. The mapped output picture generally improves the
contrast of the picture, and give a better subjective quality.
25
In US Patent Nos. 5,388,168 and 6,259,472, the mapping functions generated are based on
the normalised Cumulative Density Function ("CDF") of the picture histogram. In US
Patent 6,148,103, mapping functions are generated by comparing the histogram for the
current picture being processed with the CDF of previously processed histograms
30 corresponding to earlier field pictures. In US Patent 5,937,090, the original picture is first

quantised and then the CDF of the quantised picture histogram is used to generate the



-2 mapping functions. In US Patent 5,546,134, some pre-deternined types of
mappi ng curves are used, and the average brightness level in the video

i nput signal is used to decide the type of curve to be used. In US Patent
5,808, 697, each picture is divided into blocks and the average | um nance

| evel of each bl ock, determ ned over a series of frames or 5 pictures, is
used to sel ect an appropriate mappi ng function for that block, and an
enhancer maps each pixel in that block according to both the sel ected
mappi ng function for that block and the mapping functions sel ected for

adj acent areas, and the mapping results ate conbined by a wei ght ed-average
processor. 10 It is known that mapping functions generated by the CDF of
the picture histogramtend to over-enhance or over-correct the contrast,
resul ting i nmeppng denstipest [piléy Peest Sﬁé@mhgsofrunm‘cidowsnm@ttym@fgmmmg ed
by picture PLEvRPE \F %élarﬁg 'th faqrrerag tl?esE) Fevg 1nt n@d&uﬁn&tlss %51 i§ Nseto dec1
filtering, may invol've CO J F OCesS] ng 0 proces 1~
As for the stikeyntidrunk t@lbedeetderImUﬂeHatémrj%)S@mapplpnglrewdnesiedjmtmglookd y

the average brightness f bl oc each pictyure, .the technique be too
e R o 29 A PSRt NrRua dovel D6 GRoRBHE  lehine b P Bites ot
appropri ase pBRRsNg uEéélrk@tsbl@ﬁ ahQ pp@pﬁﬁ@%apﬁ@%lﬂ%ﬁoﬁ R tthdd bWl eard ARl ephaticer | Nt O
bl ocks and sel ect mapping functions for each bl ock accordlngw:o its

di fference wieRf ¢ask pixebimist Blosk lreqording 4 beth) thg seleetech mapping dinclior derpthaty 20
and flickeriggeCo tﬂe ?I{agﬁ’i @Sttibns, JeRctel TYr ﬁiféc%ﬁﬂ d#as rﬁfﬁ@rﬁa@ﬁglﬁr}@s?ﬂts are .

sel ectabl e or swtchab ppi ng functions n place automatic
mappi ng f unciontieeddwy|asidiglved-ansedgamrasagsot. he exi sting techni ques descri bed
above either require too conplex design changes to such a systemor the 25
mappi ng function selection nethod is too sinplistic and |acks accuracy. A
need t hedéf drté le»oimtthatfrmppmgrfmuduiods gamdrawpipiarthet Gﬁﬁqfnhepihmmhistggmimetemﬂ/mr al

t t t bet t
Phich o so cvBraee PhERRorE ofs HauRiobstRag g Tre st BhE Pisties d Bimsinkana
conpl exity UshddneXihef ifg sReMdIWeS picBle pre-processing, for example performing

quantisation or filtering, may involve complex processing which can be slow to process.

15 As for the selection of predetermined types of mapping curves using only the average
brightness of blocks in each picture, the technique may be too simplistic and lack the
accuracy required for determining the most appropriate mapping function to be used.
Methods that divide a picture into blocks and select mapping functions for each block
according to its difference with the average block luminance level can be highly complex

20 and flickering could also result.

For any existing system that has selectable or switchable mapping functions in place but
lack an automatic mapping functions selection mechanism, the existing techniques
described above either require too complex design changes to such a system or the

25 mapping function selection method is too simplistic and lacks accuracy.

A need therefore exists for a method and apparatus for enhancing the overall picture
contrast of video signals to provide better subjective quality, which also overcomes the
shortcomings associated with over-correction and complexity using existing techniques.

30



-3 SUMMARY OF THE | NVENTI ON An object of the invention is to enhance the
overal | picture contrast of digital video signal so that it gives a better
subj ective quality, w thout introducing artefacts that degrade the 5
picture quality. Another object of the invention is to enhance the picture
contrast without introducing flickering. The present invention provides a
nmet hod for enhancing the contrast of video pictures including the steps of:
10 (i) receiving an input video signal; (ii) extracting a picture fromsaid
i nput video signal; (iii) determning an active w ndow for said picture;
(iv) calculating a histogramfor |um nancé-val ues of pixels in said active
w ndow of said picture; 15 (v) determ ning characteristics of said

hi stogram (vi) selecting one suitable mapping function froma plurality of
mappi ng f uncSUMMABRIS OF THEINYENTIONT ned characteristics of said

hi stogram and (vii) mapping the | um nance val ue of each pixel in said
picture in accordance with said sel ected mappi ng function. 20 Preferably,
after step (¥hobjebeofahemverdticatie dihhfod)thd Overdliepiedird dvintiast \oh eéightelr vid& dignal

picture is part of a snmpoth scene sequence, Preferably, after s egﬁév (a)
the step of % e P Qﬂtswffeﬁcw HISG Stidort Brogieme Hudhoss b irary
functi on whe i@tu&aqtdtlify. CAwtl@erlo%jel@ﬁéﬂth@fnv@ntﬁifmmdﬁc;rﬁlﬁ@é&hc& 9@&@@6@uraﬁrﬁ§&hﬁb| Y,
step (iii) determnes said active wi ndow for said picture by including only

pi xel s from Efpduciectligkesinghat do not formpart of any black bars at the
boundaries of said picture. 30 Preferably, step (v) includes the step of
cal culating the weighted difference between the

The present invention provides a method for enhancing the contrast of video pictures

including the steps of:
10 ) receiving an input video signal;
(i)  extracting a picture from said input video signal;
(iliy  determining an active window for said picture;
(iv)  calculating a histogram for luminance values of pixels in said active
window of said picture;
15 W) determining characteristics of said histogram,;
(vi)  selecting one suitable mapping function from a plurality of mapping
functions based on the determined characteristics of said histogram; and
(vil) mapping the luminance value of each pixel in said picture in accordance
with said selected mapping function.
20
Preferably, after step (), the step of step (v)(a) for determining whether said picture is part

of a smooth scene sequence.

Preferably, after step (v)(a) the step of step (v)(b) preventing the selection of a new

25 mapping function where said picture is part of a smooth scene sequence.

Preferably, step (iii) determines said active window for said picture by including only
pixels from said picture that do not form part of any black bars at the boundaries of said
picture.

30
Preferably, step (v) includes the step of calculating the weighted difference between the



-4 value of each said bin of said histogramand the correspondi ng value in
the sane said bin of an earlier histogramrelating to an earlier processed
picture. Preferably, step (v) includes the step of determ ning, for said
hi st ogram contai ning a 5 maxi mum nunber of M bins, where Mis an integer,
where each said bin in said histogramare sequentially nunbered, n,
according to the pattern n, n+l, n+2 and so on, where n is greater than or
equal to zero, the sum of Q consecutive bins by taking the sumof Q
consecutive ternms, starting fromthe termn = 0 for all ternms of n except
for the ternms of n greater than the term4Mn). 10 Preferably, step (vi)
i ncludes the step of determ ning fromsaid histogram whether said picture
is lowin contrast, and if said picture is determned to be lowin
contrast, detsiedfitatlysalheinhesaial Ktegrabtand tiehcomepindipg fvdlvetin ¢z same Saiidtbadb| e
for correcting said contrast, and where said gc'ac.ture is not lowin
contrast, dePlAfRTichBSRREMElatiag feanRarier PROCPSed BICHr contrast. Preferably,
if said G ey Stretch mapping function is suitable for correcting said
contrast, then a Grey Stretch mapping function is selected and associ ated
par anet ers foefesahly sape(v) Soeladeshtheessyi o determaningniosrsaiddbisogrmeentaiping a
applied teg sai : L / i 2N Ld.G ey
STt ch mapr T eror 6 bR RRLRA il Mg, Rlere3ith ISR AT sdd Bl
St r et ch mappirageduantedlly orunibsreduintagbdrding de thegrattent #, mg- /s ai-8 and s pmswhere n is
Preferably, if said Wite Stretc i functi.on . ui.t.abl e for
correcting s%fle%}erc%lra] rozriseﬁl,lalﬁ ﬂezﬁroaqwn?"?g 0%82 é"g %Sr%&ﬁﬁ/ﬁptl’lﬁsggqf lﬁénk?? glr? T %IQect ed
and associ at @fsqeatianeins, Stafting ffomi the\N¥rhi 2 =2bfobhll @drtl off eREapg {dt dikcikimtsofar e
determ ned and applied to id Wite Stretch mapping function, and wherein
if said Wi t%e%‘frtgﬁnc eW&ﬁﬂm “function is not suitable, a Black Stretch
mappi ng fijgnction is selected and associ ated paraneters for said Bl ack
Stretch mapping function are determ ned and applied to said Black Stretch
mappi ng f uncRreGrrbly3atepr®P dpeudoy the step of detmimainimg feam isaid dussoeramnivheiber sajd
Bl ack and l: St.r - 1hg, Jqu EON: | el i:at ppi ng
par amters%léﬁge%seﬁnnﬁpﬁhnegg g&rq%ﬂaapr%l ngcﬁufgldsﬂgﬁsj@B geté@%ea?lg ge; &gw%?t‘g’% ?gjl’etch
mappi ng f unodetaymining ovhather @i Grayf Steeichd nBippiok Andionhist sitdhle efor lsorregbipiz ragid
function is no uj t.ahbl Bl ack. ch | functi i I and
associ at ed pcét)Fl é{?rsé’taélgs ge’rsagda]i’natﬁ%l 15(?&{ @%Vrlgtcgﬁp%ﬁggﬁeﬁgﬁﬁ &n‘@fncitﬂc??l S%?sg{%%rg%
determ néfl andr amphsted to said Black Stretch mapping function. 5 BRI EF
DESCRI PTI ON OF THE DRAW NGS Preferred enbodi nents of the present invention
are herein described, by way of exanple only, with reference to the
acconpanyi ngpréfeibly) §Ssaidedyestretchl@agpifg fubclich RRuRMIr&oftbctivgFajddoRgastur ve
for the Gey-Stretch ("GS ") .mapping function; FIG, 2 is an exanple of a
mappi ng cur VBT dOIeh et mronipg B'PEW‘P“( 18 sejegte ?ﬁ%@“ﬁt%@iri’%ﬁ?rsé?@a“g(}reé’ an
fexarr{)! e of a3FeRRP aPpifk MURctioR! art MRtk 231" HIphibd (o WD) GRBPBRIr&Gh kRapping
uncti on;

20 function, and wherein if said Grey Stretch mapping function is not suitable, determining

whether a White Stretch mapping function is suitable for correcting said contrast.

Preferably, if said White Stretch mapping function is suitable for correcting said contrast,
then a White Stretch mapping function is selected and associated parameters for said White
25 Stretch mapping function are determined and applied to said White Stretch mapping
function, and wherein if said White Stretch mapping function is not suitable, a Black
Stretch mapping function is selected and associated parameters for said Black Stretch

mapping function are determined and applied to said Black Stretch mapping function.

30 Preferably, if said histogram is over contrast, a Black and White Stretch mapping function

is selected and associated mapping parameters are determined and applied to said Black



FIG 4 is an exanple of a mapping curve for the Black & Wite Stretch
("B&WS") mapping function; FIG 5 is a block di agram showi ng the main
conponents and process flow of the Contrast Enhancer; 20 FIG 6 is a
di agram showi ng an exanple of a 16-band | ow conpl exity output histogram
data; FIG 7 is a flow diagram showi ng the al gorithmused for processing a
pi cture histogramand for selecting a suitable mappi ng curve based on the
picture histogram FIG 8 is a diagramshow ng an exanple of the histogram
output of a |lowcontrast 25 picture that requires a Gey-Stretch mappi ng
curve for contrast enhancenent; FIG 9 is’a di agram showi ng an exanpl e of
the histogram output of a | owcontrast dark picture that requires a
Wi te-Stretch mapping curve for contrast enhancenent; FIG 10 is a diagram
showi ng an exwinghise Biretethmapring getzom and whareipff said Bleek andoWhiteaiStretel wepnieg t hat
requires a k & Wii.te-Stre mappi ) . cont 30 .e : nt;
and <o Fi G is W RLiE h Bl RROR b, ARKROR SRl e THRRRRETE
a picture thpdramet8k doksad BédckStetohvimagrng Hhmctise aret detdarmred \oad tappliciotot saaist .
DETAI LED DESCRI P%(I %O: THE. PREFERRED EMBODI MENTS 5 Figure 5 is a bl ock
di agram of abRFhPTHEY MEAPHAARIAY devi ce showing the main conponents
thereof ag indicated as Contrast Enhancer 59. Preferably, the Contrast
Enhancer 59 has a HistogramData Circuit 51 Black Bars Detector Mdul e 56,
Scene Chang@M%%F@gTIQNMBE%DWNGES Deci si on Mobdul e 58 and a
Picture Mapping 10 Circuit 55. The H stogram Data Circuit 51 receives a
digital input video signal 50 and generates a hi stogram corresponding to
each pi ct ur ePreferred gmbo&nenta®f gt Hressnt inventivhgice bdreinrdesaribed.dooway ghedamp®. The
gener ated hi r.am re v {.ng: [ .of lum nance of the
pi xels in eac?:[{l?p’g‘f@trﬁgege’l.%cel'%ggég%Cﬁélgg%ngg{%érg‘?lggsﬁgvrfﬁ%ﬁez%i be of higher conplexity
for greatier accurkdQy| i an eexaplplof a eppEse ntdvadort the GreliStregh aYGE'§vedppivigt put
of the 15 current picture using a 256-band histogram or alternatively be
of | ower corﬁi ¥ty

FIG. 2 is an example of a mapping curve for the Black-Stretch ("BS") mapping

function;
FIG. 3 is an example of a mapping curve for the White-Stretch ("WS") mapping
15 function;
FIG. 4 is an example of a mapping curve for the Black & White Stretch ("B&WS")
mapping function;
FIG. 5 is a block diagram showing the main components and process flow of the
Contrast Enhancer;
20 FIG. 6 is a diagram showing an example of a 16-band low-complexity output
histogram data;
FIG. 7 is a flow diagram showing the algorithm used for processing a picture
histogram and for selecting a suitable mapping curve based on the picture histogram;
FIG. 8 is a diagram showing an example of the histogram output of a low-contrast
25 picture that requires a Grey-Stretch mapping curve for contrast enhancement;
FIG. 9 is a diagram showing an example of the histogram output of a low-contrast
dark picture that requires a White-Stretch mapping curve for contrast enhancement;
FIG. 10 is a diagram showing an example of the histogram output of an over-
contrast picture that requires a Black & White-Stretch mapping curve for contrast

30 enhancement; and



al l owi ng faster processing, for exanple using a 16-band hi stogram sim | ar
to the one shown in Figure 6. As shown in Figure 6, each band 60 (or bin)
in the histogram has equal thickness and 20 spreads across the full range
of brightness (or the respective input gray |level for each pixel) as
represented by the horizontal axis 61 (or the brightness axis). The height
of each band represents the proportion of pixels in a picture having

| um nance intensities within the different predefined ranges for each
respective band. The region 62 to the left of the generated histogram
represents the darkest portions or pixelséof a picture while the region 25
63 to the right of the generated histogramrepresents the brightest
portions of a picture. After generating a histogram the H stogram Data
Circuit 51 passesFIiChél siasdiegyamashdiving embrrewle of thhkisobrapi ewgpuiehe piconsthat a
Deci si on Mod The ex l.ary, description f the enbodi nents of the

i nvention i ng{a lf'gggtﬁ}é%l ?gag\t |eour§ec¥i'6’ ”é‘?gc’dﬁ@}et K4 ras'(tP‘he H stogram Data Circuit
51 generates a 16-band hi stogram (or a histogramw th 16 bins), where the

s’ shoun'i n PEAMILED DERCREPr B tHE nibethp EMPIRMERIES (he ot

i nput video signals 50 and processes the signal to detect any horizontal or
vertical black bars which may occur at the boundaries of each picture, for
exanpl e, theiBpEck Bat dleckudegrapy of re contyagh erhanpRNgh Fleaior ethowingh dhepmark

Bars Det ect Qfonpfinéntd RGist dshtdRalelVR PHAHRWENRIREMBY] OBrerQibiy haReCRings! S Of

each picture representing the actual inage to the exclusion of those pixels
r epr esent i ngEntaace| S@chasraHestagoam dateeGircwit 6 heBlark tBarseDetteter dbtduleeS6aiSecmw

i nformation d ta-the H stogra G redit. 5d, Lo serye the raw
data for gen(graélg??l%%ﬁt ri%s?t %g\g%ﬂ%%%cﬁ%%%é Ut g/ﬂ)d’flﬁes]se% %g’iic I g@apﬁ’ll%el S
correspon@i NQirduit 3heThd Histoghan Daen@irtwds 51 Becaived b eligal inpat eidbd sigagrsnarddo be
generated to refl| ect, .the true Iunhnance ?F.those ixels in tge phcture
conpri si ng 48R AlSPEAReSOrRPoding 49, cpch piffure,pr UG Xigactas) e the figitpl, o
pi cture doesinp@t vidéd @fphall B8 hiTRS Qehcfed Alistodrathi RPRsARY kR WBYidY dédi&s of

Hi stogram Data Circuit 51 and al so do not_affect the type of mappl ng
function selle@ingacegf theepivgls dn rgclrgirtie-onl egsnsiatd Welaeiem srytks ehhighete t he
pi cture. The, VanehH G adria0fac ot skabIMRINL GRS Hl b ges- al
Filteri n(]:; chgck 52_?%5%%%%?3@%%% g_iag{bBl og% %3 gnl.{gngB &Qt?\?/é@vg%gg\g&ﬂé?{gr

Deci si onlB| cwkres4piciee juviagvi BaoRrandyhistogean, oor lisrnagizelti i of Jeweri eorapledty

passed, Lo Dol MIETRMRLEL L LR B 06K, 55 A A sbenr APl Kol oo

Det ect or 57 shbwoin Bigedeves t he digital input video signal 50 and processes

As shown in Figure 6, each band 60 (or bin) in the histogram has equal thickness and
20 spreads across the full range of brightness (or the respective input gray level for each pixel)
as represented by the horizontal axis 61 (or the brightness axis). The height of each band
represents the proportion of pixels in a picture having luminance intensities within the
different predefined ranges for each respective band. The region 62 to the left of the
generated histogram represents the darkest portions or pixels of a picture while the region
25 63 to the right of the generated histogram represents the brightest portions of a picture.
After generating a histogram, the Histogram Data Circuit 51 passes the histogram bin

values to the Mapping Functions Decision Module 58.

The exemplary descriptions of the embodiments of the invention in this specification
30 assume that the Histogram Data Circuit 51 generates a 16-band histogram (or a histogram

with 16 bins), where the first bin is labelled as bin 0 and the last bin is labelled as bin 15.



the signal to trigger a flag (the "Scene Change Flag") to be set, thus to
i ndi cate whether a scene change is occurring in the current picture being
processed The status of the Scene Change Flag is used by the Curve &

Par anet ers Decision Block 54 in the Mapping Function Decision Mddule 58 to
deci de whet her a new type of mapping function should be 25 selected for
enhanci ng the picture being processed. Cenerally, the Tenporal Filtering
Bl ock 52 filters the histogramdata (or the bin values from one histogramn
provi ded by the H stogram Data Crcuit 51 to reduce fluctuations in the

hi stogram data that will lead to flickering. The fluctuations of the

hi stogramrefers to 30 the fluctuations in the tinme domain (or otherw se
known as tenporal fluctuations), for exanple, the histogramdata of the

current field picture can be quite different fromthe _g_ previous field
pictures evegg EIE&HQE FRGrey, QBc,all?'llacFCﬁHr{ BRlecf sb *&Fs%ereéén?‘ésqw'dggﬁt%tt fput QQ&?
simlar. Note that i’S not | 'uct uat1 on of hi st ogr a that

causes fli ckagralsg}0 fuk probessdsabe sngh@lrtgelctectnarwti@rlgemtdccnrl ‘eenticat blaelp pamgvhich

functions in_response.,tao the fas or fluct atl

i st ogr ams 1B PROF ¢ fecholpdteS TS BRGT, 5 capibe 1R BPBChert BsOE bt e
sone stath StlbﬂﬁrlbokmngEﬁé&t i The Black Bas (D’etd@fb(ﬂ 56 @k irdvgy thb attw) whas\edntbﬁndtlhﬁ
field picture @ ggtaro essed, which is thgn used by the asg rlth n t he
Curve & Par et ROk TRReSEing s @eriglnimage g S Bt ngo%ur ve
to use on thaxdli Rpeks@itiag Wl{eeolé’dkdaa?g Atatred Gethe e Theacdtiak %&io@«f mfolﬂlﬂatlon
different paraneters for the sel ected mappi ng curve. The Curve & Paraneters
Deci si on Bl déKassgd ja dhe sitegsamedsn fdrediiriletosErecey 81§ eygdatnder gonemting & he
associ at ed S i

Pt ot ur o Nappy Rar o B D] The ckeIRich o pAleh (RRRIGATI G 1 hack buus Tifes
gener at el@ spmwoicfdcoahieyhitegramhtabe genengil tmgeﬂmt e tareduampphiest thhwtplxcdmm ng

to the fiel ure deriv t he |ta ut vid nal 50 t

toente o newRREE SIS FhATpAE A st dl. PRBME A B RS leth s 0
15 I'n the Teiponslaffettlthekistograb @([‘d(ll&fﬁllatlas lte:cﬂﬁlnhecsttmea{md@hm waeszelrmedsrfat:ﬂm t he
Hi stogram Data Crcujt 51 is te ora iltered t ven rapi d
fluctuati onsatlt?r dogryot atfegh the taRfPt, pﬁmgefwt/ﬁ“ﬂaéel%?dr tﬁsﬁfﬁpnug ynstion TEGIsE: eq

mappi ng cur Wlod 581 dmBimce eisdpittuten The Mépﬁfnlg FainctAs BA&Bioh Weoduld I88hcligesused
so t hat |t can qui ckly adapt to sudden changes_of the hlstograntand 20 al so

to permt? orﬁewp@raélﬁﬂtftﬂngn%loehéag&stqgaart I*?élab’étsa%lﬁ%ﬁ foft3 hygerd Papgpester
sel ect ed ”artpéctt@oncultu@si OR ctTRPAPInBG {HHGEiOR ForfeQth FERRY is %ﬂa@g%d tbdti fhe

hi stogram Thus only large variations in histograms w l In an
enphasi s o n Kerworal Fritening IHleakoGr anch Histogiam AnalysenBlog¢lop3 iimthe ivlanpjngf Fusicidons

pi cture, (% ﬁﬂﬁﬁmeggstograntvarlatlons\MII result in an enphasis on
t he flltere ograns of the previously processed field pictures. The
adaptive filter is 25 inplenented by adjusting the weighting of both t he

previous,filtered histo t he hi rres 0N

b ovi ousl i it Gt iEE PARRGESL AR el v GELATSEV LR RER s Ded fosses

pi cture) andhéti;igxtabgcr aiggeod fles ahnticoge: CbanthI(EIa(gU)rthti@tseﬁ tteks do deattr\ehm@r di ng
to the differenc bet ween . thed%mo hi st ogr a %gr ed i ntatlon
of the adaptsf¥hé ﬁjh‘t PRGBS BT RIEGT IH%;P’EOG“LS °st4 °af ¢ Scene

di ffer ences @aRgdEla@eis AstP®Y BY OvYe & PRAmes D@élt@wmgcmsmﬁlqn@mt?pm -9
Fori=CQtol . %f += ABS(curr histobin(i) - histobin(i)

VEI GHT NI AX #nﬁmwt;@esn@ 1 MadulgS$ o decidp whethghg-nsvetype sémawms ftswtqrs%hpws bE
where i 35 BRcDA Ror RHIHAGH hilk ﬂl&@remeﬁl%%%c@&émnber ed fromO to 15 (assuned
to be 16 for the above exanple) I's an absol ute functlon curr

hi stobin(i) is the input bin value corresponding to the i " bi n of the

pi cture histogram fQr Tten'x oﬁﬁlﬂlf%mx é@ék%2pﬁﬁér%’:'t}{% hlﬂb%\%ﬁbc? hg?r tﬂtg binSvAIdLE

filtered output 'nval u corresp ng to t enporally
filtered hi dtongoanhisbgtameg pravsdedriyctea Hispogram QassEdedfii £1 o pidwadeuffvetuations in
num-i xel S~ne(‘ﬂe mst%grlarsn cliart]a? thgtu &Hﬁ’éad to flickering. The fluctuations of the histogram refers to

30 the fluctuations in the time domain (or otherwise known as temporal fluctuations), for

example, the histogram data of the current field picture can be quite different from the



of pixels per active field w ndow passed into the H stogram Data C rcuit

51; diff is the absolute value of the difference between the value in each
bin in the current picture histogramand the value of the correspondi ng bin
of the filtered histogrambin output; 15 weight is the estimted wei ghting
or enphasis to be given to the histogramdata of the current or incom ng
field picture; and WEI GHT MAX defines the maxi num val ue of weight for a
range of estinmated wei ght values. A higher value of diff will lead to a

hi gher wei ght value (i.e. nore enphasis on the histogram of the incom ng
field picture). 20 Note that the term (nufcixels_per win * 2) defines the
maxi mum range of diff, and the roundi ng-up of weight is done by adding

num pi xel s~er win in the equation. To mnimse rapid fluctuations in the

hi st ogram i previpuprfiside picbires evensthougthheyavanall opntiasl GHThdsé |figid tpb:tui@s ambm he
val ue of wei L inte bet wee nd 50.

Vil GHT ~1~ Ax%m‘lé‘ﬁgNgte|t§a?¥t P IR %%ﬂ%‘cm?“"b’r 3\}?%@% OB %a‘apﬁ‘a ‘ti‘r“%esﬁf %‘%‘6% abr%‘lt 25
data will betlteafkﬁmhang‘es)nt the séle&ttoﬂrdfrmgapprngcfemlond fn felpnyaioue Gist Wi T(of LI AX

is set too hi,gh, this.resujfs in h [ at ency o wness i n_ada o)

t he changes bﬂc thagions)alty ¢ Eil L‘ts‘i‘?gr&‘qu ﬂtgq‘tﬁl‘gtptﬁ”@y I-@We&i‘g?‘ogrf‘@ @P@Y%Eﬁ‘é’k #
VEEI GHT MAX | gorfftitest @nes BBidticall Mm@ Past @esvieded MFB&T bdove) 8a8& DnOthe tdd
napplng functjons and thus causes flickering, which defeats the purpose of

filtering. TtuERPeipg progessed whichos they @Fﬁbm&hwlewh@emstb% Corverk Fagametsyal ues

20 to 100 30 [ f le mﬁpﬂa al ue
for WVEI GHT MAX Dhﬂ&hﬁ?k%%é%&?e &agﬁgﬁﬂtv§ | ue F% a w&%E&% W t |%B%u%€§ | GHT

MAX i ncl usi valso to dqerntil@tﬁengluts [F3 theodlffanpmmaeamﬁesefslt thnmebded\maghmg\pah@e and
I st he f TSt TE I'VQ tPar me CI‘St Bg%n%l g'[o%E%atpasses es%ﬁ}c?ond (g C gn?ecgzmg e{ T

this f||ter|ng process i'S prov
wei ght vdbuewith tixeadsocianed iperarrfeq:msetadgs‘ ol nherBuftgre Mbﬁ)lﬂ@.lﬂnﬁbﬂt &s. rﬁfeePlrcmeb to 5
in Listing ZN&orres ond es in

i =Q_ ol
W stob n(s) “MEDERE RARRG, £ mep s st ShHEARng vt detigd 1o Seferpe iy SRRy -
wei ght) | \\EAGbibtdi¥aging cievé b 8bphied Bt H@%@g R MReAMAM Yechfre Bb@6H fooin the

recei ves the values corresponding to each of the bins in the input

hi st ogr am f r §gitalHeputeiqsersignalpq teereae ameycianped fiekpiciurpipleaprdresithe gutput
represents lxaidigopwsher of pixels in each respective bin. The H stogram
Anal ysi s Bl ock 53 perfornms certain statistical calculations on the current
hi st ogr adbi n val ues to determnine the

In the Temporal Filtering Block 52, the histogram data received from the Histogram Data
Circuit 51 is temporally filtered to prevent any rapid fluctuations of the range and gain
settings corresponding to the selected mapping curve, which may result in flickering. An
adaptive filter is used so that it can quickly adapt to sudden changes of the histogram and
20 also to permit only small or no changes to the parameter settings for the selected mapping
curve (or mapping function) for minor changes in the histogram. Thus only large
variations in histograms will result in an emphasis on the current histogram of the current
(or incoming) field picture, whereas small histogram variations will result in an emphasis
on the filtered histograms of the previously processed field pictures. The adaptive filter is
25 implemented by adjusting the weighting of both the previous filtered histogram (being the
histogram corresponding to a previous field picture processed immediately before the
current field picture) and histogram corresponding to the current field picture according to
the differences between the two histograms. A preferred implementation of the adaptive
weighting computation according to the histogram differences can be described by way of

30 the following pseudo-code:



approxi mate shape and distribution of the histogram The first step of the
calcul ations in the Hi stogram Anal ysis Bl ock 53 invol ves cal cul ati ng 20 the
sum of the values in consecutive histogram bins. The summati on process
starts fromcal culating the sumof two consecutive bins, denoted as Hi st
sun2(i), and preferably stops after the conpletion of calculating the sum
of seven consecutive bins, denoted as Hi st sunv(i). Mre than seven bins
may be sunmed if desired, but this would be nore appropriate for higher
conpl exity histograns. 25 For exanple, assum ng that the input histogram
has 16 bins which are consecutively | abetfed frombin 0 to bin 15, the
process of cal culating the sumof two consecutive bins involves adding the
value froma first bin (e.g. bin 0) to the value of a second bin (e.g. bin
1) being the nekaricotgebutive bin i mediately adjacent to the
aforenentioned fir bi 0, Preferabl t process begins fromthe | owest
bi n nunber (i.e. 5ﬁ%+0fﬂgﬁ%”F§w§%5%§té%m#ggséach consecutive bin (i.e. for
bins 1, 2, 3...}and so on) until the sum has been cal cul ated for t he

second last bin (i.e. bi T um of 't cons tjve bins neans. that
overy add ti on I SHa SPASHT LG Rt et N | Ut erel B, My
bins (e.gs between bins 0 and 1; 1 andpgting1and 3, and so on). The process

for calculating the sumof two consecutive bins preferably starts frombin
0 and then proceeds in a sequential pattern 5 starting frombins 1, 2 and 3

and so on unjhdre § 618 YR AdheP GPfhe GRIEARLEAPELE bR REEPAG IR BE p6§f% €.

bin 14), which corresponds to the l'ast possible bin that the sumo
consecut i ve thé aboveaabple); af BN iatas @bsaBiteifungtipy cufrohistoaintilisathe ngput b walue of

t hree conseg%hi he

ve hin e, val-ue f fi i . . bi.n ,0). i.s ~added
o he vnr CatbefinfinRSe b MRS JERMHddded ForthdedcfinOicid Biehll Aodifio P
bin and $ecdsdhdiihercd otipenbiadeibe dopregpontiing do bhen'{ Eingfromvitie Rmpofllyi filseeddy

t he sum of three consecutive bins nean at _every addjtion nust be between
e Coms e THp e e M Sreenty Prbcsaiaold Rep i s PFls ek dum i tae Pobiig

i medi at el y @djiagepér dcllvaticldermbow passed iktheheOHRGIgrdth Matd Cirklle 5 5F is@le- FoOr
exanpl e, a sumof three consecutive bins my be nmade between 15 bins 0, 1

and 2. Anot HoFolERaritceot et difersnta bevameenial in cathahip i3, thagument Rictitser e
to be 16 bi Qﬁstbé}aﬁl%d%§tvgg£%th@@&?espbrmir]&elt)iﬂ%ﬁ B0IeRd ﬁi;§t9§9&1§! Bin QuiRit;bi

15, the Erocess for calculating the sumof three consecutive bins
pref erably streightgs theosstipiated oveighding s renpphatie édbe Biyem te gigukistogram dasa phthe

starting fromMhins 1. 2.an S EH@%? Vihe | at ed
for the thir Ilelats§r E?lccr)ll%tn%. @e.lgtﬁﬁ&f?,??@%l C Tlcor reg%gﬁgﬁ?ﬁ@rﬁ?g&% &
possi bl e bi rwéight tfbrat rahgreofsastimeted teighe valoass ec bigharevahierd d¢fiwilblead &l <highdred.

In general terns, where the input hj.stogram h a maxi nu r of M bins,
where N s APRRVRNER< mhiF st pn 1S HeRh F Be BelRiie el PSR ber ed
according to the pattern n, n+l, n+2 and so on, where n is a positive

i nt eger arting fromzero, the sumof Q consecutive 25 bins is cal cyl ated
by taki n§5 £ IotS dhot B (B5TT BHEL BRI VRS L m?z,) @5&%%5@% RS OE i ewic ﬂlem ,
for all ter muRfindue%ERligh 0k done Byeam?g)gmh Zﬂ&g@@gf_ﬂibaﬂ thbeqtifom (ol ~-

n). Likew se for the consecutive suns .o bins ma

respect i vel ymighpiss | rapid aflgstentionndn (e duistegram, tiéﬁ%ré)r?Fﬁ‘@g]gaEOZéetaQ‘ef Mﬁlﬁﬁ\% : 30
Hi st sumB(i )wefdT We10%80 8D dhd Thdvii® dBweighr tole any integer between 0 and 50. A
higher value of WEIGHT MAX means a larger number of previous field picture histogram
25 data will be taken into the filtering process. If the value of WEIGHT MAX is set too high,
this results in high latency or slowness in adapting to the changes in contrast in the field
picture. However, if the value of WEIGHT MAX is set too small, this leads to very drastic
changes of the mapping functions and thus causes flickering, which defeats the purpose of
filtering. Typically, the value of WEIGHT MAX may be set within the values 20 to 100
30 inclusive. The range of values for weighr depends on the value for WEIGHT MAX. The

computed weight value will always be within 0 to WEIGHT MAX inclusive.



Hist sum-l (i) , for terms of i=0 to 12;H st sum(i) , for terms of i=0 to
11; Hi st sumB(i) , for terms of i= 0 to 10; andHist sun?(i) , for terms of
i=0to 9; 5 Thus for the case of Hi st sunv(i), the algorithmcal cul ates

t he sum of seven consecutive histogrambins, starting fromthe first bin
(i.e. bin 0) for each consecutive bin (i.e, bins 1, 2, 3 and so on) and not
stopping until after the sumstarting fromthe first bin to the tenth bin
(i.e. bin 9). Phrased another way, H st suni/(i) represents the sum of the
bin values for 10 bins 0 to 6; 1 to 7; 2to 8 3to9; 4to 10; 5to 11; 6
to 12; 7 to 13; 8 to 14; and 9 to 1 S TH& -second step of the calculatlons
perforned by the Hlstogran1AnaIyS|s Bl ock 53 invol ves identifying whet her
the input histogramis heavily concentrated around particular bins, or

whet her there are any narromdy and heavily concentrated histogran1bins

This is 15 : Kh %Hﬁt fyailleS r ny
Nin this s?@%ﬁn a¥|lg con Ion %gﬂ aﬁl éndf{grﬂ“llél? ngrrbg tge ?gglfsl

N =7) if angroofss.t e sucm;i (bomaifll) sart ofitid(filjerieg pereds iapoeidedimListien2 fwhied

threshold (i.e. sunv.thres.,in this hi st ogram i.

oavi 1y 20 BRI S be wersdt e preE AR Ry el efvsﬁmswsffgga??ﬁo(.)
(e.g. Hi st sumidingP)con¥gRad o tBe Said wiriables Rridatgrim ned threshold (i.e. sunv
thres), the histogramis said to be heavily concentrated at bins 4 to 10.

The maxi num val ue of the sunms for Hi st suniv(i) (denoted as nmax7 sum that
exceeded the thrgpsha) g jss determined and the corresponding position, i,
(denoted as nmax7- n05|t|o#j is al so determ ned using the pseudo-code

bt ot dod 55 1 L idehea- frunrz msiabinds O st SckioOpinty * (HESHEHLK: yooighiun?
thres) { 30 If(H st sunv(i) QE? vawm) { max7 sum = Hist sunv(i) -13
ncxz7~osition =i r 5 Llstlng he maxi num val ue (generically expressed as
max~' ~l $@&m whi ch exceeds the threshold (generically expressed as sarnmN
thres) and al so the respective i pOSitLOEPa d the, generically expressed,
maxN_position, for each set of suns fo sa~nN\(i) are preferably 10
determ ned for values of N where 2 < N <_ 7 using the pseudo-code provided

in Listing 3. The example in_Listing 3 assumes that N=. 7. The threshold
val ue, generTf@éﬁlwg@wg&%&%ﬂBlagk St FAQeivRy B8 Values creespanding te gaehaf theshiphia

cont rast - sengé o\ ﬁmogﬁﬁ%nﬂh%@tempbm m@m\{gaiawek f. EhchTH%lt mrgmgreﬁeie%&hol d
val ue 15 correspondi ng t hi ghest val ue of integer preferab

cal cul at &3 ithe a@nbﬁrwém@lwwﬁclafamcnmblm T‘bﬁé'h?fegfﬁ@rA@ﬂiysgﬁ W@P]S Sb@Frf%msl ve
field w ndoves, egusticdiO aflé?l?an%Hé“oﬁft 'éunte kb?é dif? V%ldes tifeadd RO fhet NE

hi stogram contrast-sensitivit o X nu pirel's per active w ndow
Equati on 1 approximate shape and dlstrxbutlon of the hlstogram

The first step of the calculations in the Histogram Analysis Block 53 involves calculating
20 the sum of the values in consecutive histogram bins. The summation process starts from
calculating the sum of two consecutive bins, denoted as Hist _sum2(i), and preferably stops
after the completion of calculating the sum of seven consecutive bins, denoted as
Hist_sum7(i). More than seven bins may be summed if desired, but this would be more
appropriate for higher complexity histograms.
25
For example, assuming that the input histogram has 16 bins which are consecutively
labelled from bin 0 to bin 15, the process of calculating the sum of two consecutive bins
involves adding the value from a first bin (e.g. bin 0) to the value of a second bin (e.g. bin
1) being the next consecutive bin immediately adjacent to the aforementioned first bin.
30 Preferably, the process begins from the lowest bin number (i.e. bin 0) and is repeated for

each consecutive bin (i.e. for bins 1, 2, 3... and so on) until the sum has been calculated for



20 Based on the threshold value for the highest value of N the threshold
val ues corresponding to smaller values of N can be deternined by pegging to
the contrast-sensitivity of a threshold val ue corresponding to the highest
value of N. Thus in the exanple where the values of N fall within the range
2 < N<_ 7, it is preferable that the corresponding 25 thresholds for
each value of N are set according to Listing 4. Preferably, the threshold
val ues corresponding to values of N smaller than the |argest value of N
becomes progressively smaller as the val of N decreases. Preferably
further, there is a consistent difference between adjacent threshold

val ues. 30 sunf thres = contrast sensitivity sunb thres =
contrast-sensitivit thres = contrast-sensitivity - 6%
sum-t ¢ hr os. B B et R -1 1) IO G, MBI FRISeC D ARSIl TR ¢y

- 12% sun®- t hfRRion Me e Aetwees &b tdoddebitive land Yentnekiiatdly B%aé‘snfrbﬁ‘lst(@gr Betotap of
the cal cul ations perforned by the H stogram Anal ysis Bl ock 53 invol ves
estimating ties Qved dgé Wi i2yRtand S apd sq H% f The) pyogsise fair@leylefing thenwmpphtWonput s

from the corgaspoidl Bgs %&éf&gﬁlg s'fﬂrétf%ﬁ R WUng AhdnSprbadeas 1H§%Qq&e'ﬁtl£1hﬁat@hf ve &
Par anet ers Deci sion 10 Preferably, the average b g.tness est

avg bri ghf negating ﬁromémnsmaﬂedd agncihg) othientip Serdo- l@@)h@enp:ratwla@b@lcfor e bgoond lagt 5:
Fori =Qtol ~ b1§g@ Rnnn) W hqa{ &(rxleépo V\ﬂero etljf?] ast]p%gt}lb%%gn tﬁXtQhéjgd |31; o %ns W 16

[ (num-i xel s refers o each

tenporally thiﬁmeﬁcﬂUMEMﬂ brns of current picture 20 hrstogranr(assunlng
that a 16-band histogramis used and that i = 0 to 15 corresponds to each
of the bins in the 16-band histogram. Certain paraneters cal cul ated by the

Hi st ogr am Argiinyisils 8 Qfduladidg MeSsuRPsTIBde Edhsbi@ivErinY 8he value from a first bin (e.g.
10 bin 0) is added to the value of a second bin (e.g. bin 1) and the total between the first bin
and second bin is then added to a third bin (e.g. bin 2). Similarly, the sum of three
consecutive bins means that every addition must be between three consecutive bins, each

of the bins in the set of three bins being immediately adjacent to at least one of the other

bins in the same set. For example, a sum of three consecutive bins may be made between

15 bins 0, 1 and 2. Another example is the sum between bins 1, 2 and 3. Assuming there to
be 16 bins in the histogram, each bin being labelled from bin 0 to bin 15, the process for
calculating the sum of three consecutive bins preferably starts from bin 0 and then
proceeds in a sequential pattern starting from bins 1, 2 and 3 and so on until the sum has
been calculated for the third last bin (i.e. bin 13), which corresponds to the last possible bin

20 that the sum of three consecutive bins can be calculated.

In general terms, where the input histogram has a maximum number of M bins, where M is
an integer, and each of the bins are sequentially numbered according to the pattern n, n+1,
n+2 and so on, where » is a positive integer starting from zero, the sum of Q consecutive
25 bins is calculated by taking the sum of O consecutive terms, starting from the term (n = 0),

for all terms of n except for the terms of » greater than the term (M — »).

Likewise for the consecutive sums of 3, 4, 5, 6, and 7 bins may be respectively calculated
from the range of i terms indicated as follows:
30
Hist sum3(i), forterms ofi=0to 13;



& Paraneters De0|5|on Bl ock 54 for deC|d|ng whet her the histogram bel ongs
to one of the 25 "histogram di storted" pictures which can be corrected or
enhanced using one of the four predeterm ned types of napping curves. The
Curve & Parameters Decisions Block 54 al so determ nes the strength or the
st eepness of each of the chosen type of mapping curve. Figure 7 is a

di agram showi ng the al gorithm used for processing a picture histogram and
30 for selecting a suitable mapping curve based on the picture histogram
The algorithmreflects the processing perEorned by the Mappi ng Functions
Deci sion Process 58. Step 70 -15 in Flgure 7 corresponds to the
processi ng perfornmed by the Tenporal Fllterlng Bl ock 52 and step 71
corresponds to th roc erfQ t he Hi stogram Anal ysis Bl ock 53.
As shown in step'§TPS¥ﬂ H%%iﬁ%ﬂﬁ%&ﬂi@} ys Bl ock 53 cal cul ates and passes
to the Curve & PaH@fr@{,,ﬁj@ I@@Ictbmm,&mmm a set of suns for N consecutive
bi n values, H st sum'~' (i) the largest total in each of the consecutive
sums correspondl ndist_§4B8(Hn f%fF'I&‘é*QfF‘I\QtOHQdesum and the band where the
HBX|nun1sun1occur§7,gg%hho§6g$ﬁﬁgoy&_@&@p 72, the Curve & Paraneters
Deci si on Bl ock 54 decides whether to allow a change in the type of mapping
curve bei Ag used to enhance the current picture, and also 10 determi nes any
changes to t ngs ~f Qr i r | | ven a
ne- ot op chare 13 RS ofAb 5070, Bl sFETTERBUAG, B ot RUH Bdhuy
change in thlastsgnaeabms;fstaﬁnigaimemepﬁmthme& Wine®) tbh&ch&eMCmtsze\lﬁryesbmwland
snooth. An e £n there is noot h annln L.tio

dark 1o bri ghe T e Gafel e srae ol TG ol Tafing ot up BN oy b

t he threshol isin (. Bﬁpb)whﬂasdmadnumai Wy, Qﬁgus“unamirdpteserﬁs 1hetsiud & kHebiflvigudsFort he
snmooth transition in th i ff erence]é enoted as diff), in

the hi st d8r aPigs Q)té’t@xééﬁh%g’ %l}rtf’gn‘i toalerSngél,ﬁdggZ,f]’ ©11d: Biet4iead P ehot ed as

curr histobin() and prey histobin() respectively) is first calculated 20
according to the pseudo-code shown in Listing 6 and normal i sed (denoted as

Norm Di ff) whensatond stepgef e @laubntisss perforosilviey thenHistogram r Anabysisd Blogk t Fe

range of val ﬁ{%ﬁvé dentlfylng whether the input histogram is heavily concentrated around particular

bins, or whether there are any narrowly and heavily concentrated histogram bins. This is
15 done by checking all the sets of Hist_sumN(i), where preferably N in this step satisfies the

condition 2< N <7.

For example (assuming N = 7) if any of the sums for Hist sum7(i) exceeds a certain
predefined threshold (i.e. sum?7 thres in this example), the histogram is said to be heavily
20 concentrated. For example, if any of the sums for Hist sum7(i) (e.g. Hist _sum7(4))
exceeds a certain pre-determined threshold (i.e. sum?7_thres), the histogram is said to be
heavily concentrated at bins 4 to 10. The maximum value of the sums for Hist sum7(i)
(denoted as max7 sum) that exceeded the threshold is determined and the corresponding
position, #, (denoted as max7 position) is also determined using the pseudo-code provided

25 in Listing 3:

max7_sum =0
Fori=0to9{
If (Hist_sum7(i) > sum7_thres) {
30 If (Hist_sum7(i) > max7_sum) {

max7_sum = Hist_sum7(i)



VEI GHT MAJ~: Fori =Qtol S { 25 diff += ABS(curr histobin(i) - prey
histobin(i)) NormD ff = (diff * WEl GHT MAX + num-~i xel s~er win) | (2 *
nunti xel s~er win) Listing 6 30 where num pi xel s-per win represents the
nunber of pixels in each window. Note that in Listing 6 the difference,
diff, represents the actual difference between the current and -16
previous non-filtered field picture histogram rather than the difference
bet ween the current and previous filtered field picture histogramas was
conputed for the weighting in the pi ctur_eh;?_i stogram by the Tenpor al
Filtering Block 52 (see Listing 1). 5 To ni mse any noticeabl e change in
a slow scene transition due to inperfections or insufficiency of the

mappi ng curves, a change of the rar}ge (or gain) or of the type of mapping
curve used is not allowed durind"® sfRBI% stene transition. A snooth scene
transition is normally indigated by a NormDi ff value this is |ess than

VEEI GHT MA. XI 4 and where there is no associ ated scene-change detected by the
Scene Change Detector 57, 10 as indicated by the status of the Scene Change
Fl ag. The conputeq value of NormDi ff in Listing 6 has a range fromO to
VEEI GHT | LI AX. A higher value of NormD ff (i.e. close to the val ue of

VEI GHT ~>5 indicates a |arge differencd.isting®en the current picture and
previous pictures (i.e, the scene transition is not snooth). Simlarly, a

| ow value of NormDiff (i.e. much |lower than the value of WEIGHT iLIAf)
indicates only small 15 differences between the current picture and

previ ousl y pflheessadurpivatugr(genefically. exphasesicasneatV ams) tvhich eixseedsbtat thyeshold
Therefore, the threshold value is.preferably set at YVEI GAT MAXI 4. en the
Scene Change BSRERGAS Sxpresieh g 1WA IR R s clp Termeeiyhe | cRPHIGR: 214

pi cture, theghagingaly@rprgsd-hagy ipssifed, fodactBeobbsams\fad Her eimNEREprefdity € no
scene change has been detected, the Scene Change Fl g%Fi set. the Bool ean

val ue of ! AE@E“(““%E% velhes ot vberso? 5 Y 3¢ df5ingang psey SrRIOVIARS Reristing 3al | ow

a change in tiectanifte RFLiINERA ReLrkddhive Meyng used is expressed as the
pseudo-code provided in Listing 7: If (No-scene-change &c (Norm D ff <

VEEI GHT ~uAXl 4)) THEN-> No switch of type of curve, no change in paraneter

settings are lﬂ%ﬁ .St ] LSy her i i.cture
hi st ogram i sTﬁ%)vb i n%(l:%?{? 1:u g’ské@gce}iggee&?%geﬁ g% S%N%%b%a?‘%@?e%hg%s\? (%Snt ?ast
picture w || covaxat-sensiavinowsshapdd withsthegraine dBaded The thighsstadseshplidi oaipe t he

al gori thmfi st 08GhGeS dhBLRRL vAlCohRE QN AP rabi) Yalchafd "t £ &3 qandd S © 8
Equation 1. The number of pixels per active field window is equal to the sum of all the

values in all the bins of the histogram.

contrast-sensitivity = 90% x number of pixels per active window Equation 1

20

Based on the threshold value for the highest value of N, the threshold values corresponding

to smaller values of N can be determined by pegging to the contrast-sensitivity of a

threshold value corresponding to the highest value of N. Thus in the example where the

values of N fall within the range 2< N <7, it is preferable that the corresponding
25 thresholds for each value of N are set according to Listing 4. Preferably, the threshold

values corresponding to values of N smaller than the largest value of N becomes

progressively smaller as the value of N decreases. Preferably further, there is a consistent

difference between adjacent threshold values.

30 sum7_thres = contrast-sensitivity

sum6_thres = contrast-sensitivity — 3%



30 shows a typical narrow shaped hi stogram -17 In the current exanple
descri bed above which uses a 16-band histogram the histogramis said to be
in lowcontrast if any one of the nine sunms cal culated for H st sun(i)
exceeds the contrast-sensitivity threshold value. In general terns, a

hi stogramis in lowcontrast if any of the suns cal cul ated for Hi st

sum V(i), for the largest value of N, exceeds the 5 correspondi ng
contrast-sensitivity threshold value. If an input picture is lowin
contrast, the picture nmay be enhanced by lziS_i ng one of either the Gey
Stretch ("GS"), Black Stretch ("BS") or \Ahite Stretch ("W5") enhancenent
curves. The deci sion depends on where the narrow shaped hi stogramis found
on the 10 horizontal gxis (or bri 2ht,n_ess Axis) of the histogram (item61 in
Figure 6). The po¥{iBfesor COWSTHIEH M s val ue for H st sumN(i) that
exceeds the contrasiy- geast Landdsisehiifigghody val ue, or the val ue

max| V_position for the greatest value of N, is used to decide which
enhancenent curvedM3stie Heonigeiasensivir &%p 74, if the narrowly
concentrated hi stoghamdss- Logakednativiiners% ddl e region of the horizontal
axis (i.e. it is not7near the extreme’dark and extrene bright area of the
hi stogranp, the GS curve is chosen to ¥jstigd the histogramin an attenpt to
i nprove the contrast |level of the picture. In the current exanple, the GS
curve is chosen if the nmax7-position (range fromO to 9) is between the

val ues 2 t o The thivtl wtep vé theFdaguladod whiomsedoby2tle Hipogram AvadtstsdgBlack xmnplves of a
sequence for which the GS curve wll b en at step. 75.. If the GS curve
ot bl o PHMA o pTREES MRSt 96 A o h e CRIPat 18 dRtT da
associ at ed DRARIPLEIME pidiretHioden GHidEisi 1 teCaleq Wh HeeCurk® &5 PaBméRrs Dlcision
reference to Figure 1, one of the paranmeter settings (defined as the range
setting) !fs BlReK 3o dppfeedlyp the; ayarage SHshtpess o he brilehry, Beghwated piingthe he
GS mappi ng %Eyﬁ_coﬁe?;&%gqngggﬁsw Il stretch the histogramw der apart to
i ncrease the contrast. Therefore the range setting depends on the
"narrowness" or concentration of the histogram In the current exanple,
this can be decided py {_,o&l;i ng at the values of the H st sun2(i), Hi st
sunB8(i) and Hi st sum4(a| asured by the Hi stogram Anal ysis Bl ock 53. Note
t hat one or nore Sefn théisribidi) Sime/)f or 30 Hi st sun7(i) has exceeded the
contrast-iensi tivity threshold |l evel. An exanple of a very | ow contrast

pi cture & avi ng} a narrowy concentrated histogran) such as that shown in

est_avg brightness = Sum * 16 / (num_pixels per win)

Listing 5

where histobin(i) refers to each of the temporally filtered output bins of current picture
20 histogram (assuming that a 16-band histogram is used and that i = 0 to 15 corresponds to

each of the bins in the 16-band histogram).

Certain parameters calculated by the Histogram Analysis Block 53 are passed to the Curve
& Parameters Decision Block 54 for deciding whether the histogram belongs to one of the
25 “histogram distorted” pictures which can be corrected or enhanced using one of the four
predetermined types of mapping curves. The Curve & Parameters Decisions Block 54 also

determines the strength or the steepness of each of the chosen type of mapping curve.

Figure 7 is a diagram showing the algorithm used for processing a picture histogram and
30 for selecting a suitable mapping curve based on the picture histogram. The algorithm

reflects the processing performed by the Mapping Functions Decision Process 58. Step 70



-18 Figure 8, is when max2 sum> 0 (i.e. any one of the H st sun?(i)
exceeds sunR thres). A steeper m ddl e-segnent slope of the curve can then
be used. The cross-over point 13 of the m ddl e-segnment slope is preferred
to occur at the average |um nance value of the picture on the horizontal
axis 14. The average picture brightness can be estimated 5 (est avg
brightness) by the algorithmin the Hi stogram Anal ysis Bl ock 53. Another GS
curve paraneter setting to be decided is the Ieft-segnent 10 and
right-segment 12 slopes of the GS curve. ;This setting is defined as the
gain setting, and depends on the hlstogran1levels at both ends of the
brightness axis (e.g. |ten161 in Figure 6). For 10 exanple, the three
extrene |eft (f ound b 0) nd the three extrene right_bins
(Found by H S ETRg PRRSpoRtniaBe aREdeing mepicd thant nbeeed i hedt Sk

| ef t - segnment afd ARET 11brREENES @hhe PROBIAL peifeRd be tREHRAR Y AlnYlysiEBlock SBOW
val ue of Hi st sunB(0), which indicates a small quantity of dark pixels in

the pi ctur e, Agshevgsingfepet» rf@lestgér@wabssv%%l@ck«é%; Felcates and pasges 40 eddpvareans
that the |efg- ﬁ?ﬂﬁ@%&% D%&QiBg Bi&k'si 2T & SRS T&Q\V‘&oﬂsecu&% ﬁ‘ﬁ%{%@ iy szfi}u\l?{ggh

val ue of Hist sunB(0 yield a steeper left-segnent 0 :

for a | owSvathgdagestHotd isgad( mf%)the msmtlmdumatcesre@ogwagItomaalmt\fiatuy ot N,
bri ght pixel i pe woul d be
set . Conver SiZz {:1\? erQ rrta tﬁé Bje{nﬁ ’wh%f'e tEFSi%?ﬂ‘n%ﬁg%u %«J’éhrsuﬁgw%z dog st eeper

ri ght-segnent slope 12 20 If according to step 74 a GS curve IS not

appropriate for t rent |cture t he xt 1S 0 us
coTve for ot T ot & Paranels Rerifrgock # i st § Awsidalee’
hi st ogram i sinl geafyge o\fexhyp;ﬁdgowv& ooeﬁﬂgeugbari@ afiteacd ithe cu@rpittR, exd raue
left), the WS curve is chosen to inprove the visibility of dark area

detai | s. 1n determines any shapgesdy theprameter oetfingsdotearls maBRing F¥ve-ne condition in
Listing 8 is satisfied: if { (mar7~osition < 2) and ((H st sun2(0) *2) >
hum pi xel s-per win) } Listing 8 30 where num pi xel s_per win represents the
nunber of pi&etesliynewacghonststaposhangeort gy g’réthvaamesum cppld resuft-ip 9 notiegeblsan be

ot he | ar gcp R B AR o HRRERT bR AN ISR yery o0 o EREREPS) 1O

wher e example is when there is a smooth panning or transition from dark to bright in a same

se

15 scene. A change of curve, range or gain due to the threshold method will naturally occur

and it is noticeable due to the smooth transition in the same scene.

The difference (denoted as diff), in the histograms between the current and previous field
picture (denoted as curr_histobin() and prev_histobin() respectively) is first calculated
20 according to the pseudo-code shown in Listing 6 and normalised (denoted as Norm_Diff)
within a range of 0 to 50 inclusive (which correspond to the range of values for

WEIGHT MAX):

Fori=0to15{
25 diff += ABS(curr_histobin(i) — prev_histobin(i))
}
Norm_Diff = (diff * WEIGHT MAX + num_pixels_per_win) / (2 * num_pixels_per win)
Listing 6

30 where num_pixels_per win represents the number of pixels in each window. Note that in

Listing 6 the difference, diff, represents the actual difference between the current and



an input histogramhas B bins, the |largest value of IV is an integer val ue
one less than half the value of B. For exanple, for 16 bins the nmaxi num
value of IV may be 7. S The next criteria checked is whether the sum of the
first 2 bins is nore than 50% of the histogram This neans that nost of the
pi xel s are heavily concentrated very closely to the dark area, and an
exanpl e of such a histogramis shown in Figure 9. If the W5 curve is
suitable for correcting the histogram the W5 curve is selected and 10
associ ated paraneters for the W5 curve |§ calculated in step 77. Wth
reference to Figure 3, the inflection pdi At 31 of the WS curve occurs
preferably at the average brightness 33. The gain setting of the W5 curve

deci des how high the inflection point 31 of the curve should be. The
esti mat ed audPyee nonfyieradddicdd picturhlastagrame gtherfivaa she di{ferenes hghveradiag current

cal cul ated hyqt &1513@%19&5@%1%”&1:%1% ﬁlSt@FI% é@a&@%&ﬁe&'?&%é% ﬂ%{ﬁh &n }L}e
gai n settings. exanpl e, typi cal when a curve Is C e

val ue of estpietury histogyhrn i slse T@n@eai&lwrlhg&lmkﬁé ($eoistifgly, a very | ow val ue
of est avg brightness results in a higher gain setting. A not too |ow val ue
of est avg brightness results in a |lower gain setting. Mninmal gain is

achi eved 3 orTeanmigiisevalyusotiotabés thangg ib ki bw nesie . trahsition aluplte 1mber£ecuertsyod ow

val ue of est. avg.brightness is a value | ess n_ 30, and very h val ue
of 50 est - avehigiy HIBE FooaheduiBo I GHERS cha o8t Gosier vl sl ng

to step 73, rﬁ&}@lr@ &dr\d Bsedas ndPhlldvR dudingNhésih , scs’hedﬁﬁbﬁbﬁm A %mﬁ&ﬂescéxﬁ
determ ne whether the picture is over-contrast in st | n t he

al gorit hm dédtasgitign amorn@blw|14d)waé6érhyeﬁ€vpav£la1ﬁ”hva§ted§wdml%ﬁ§ ﬂth@eWEé(i TeWafnd
right areas ’anWh%H: hOiCRS BSodiltad S&H@c&%gé ﬁa&%bcs‘y {hs SRS cffa% { BRRttor F‘z gur ee

10 is an exanple of an over-contrast ogram In the curre t exanpl €
val ue of 1H st idigatdd(1y)th¢ stotus e§ therdenegClange Fnlegl dbe omgitdedes ofréeay_ Bftiint he

I f Hist t he.hi
e T S RRLO PR IR A R AVRE L OO B IB B e,
preferabl e tthe udee i BIE/GHA-AMY) ardttatds atlarge dffc)nct betveke theherdecpistuenandn

2t Teast ToRHRPoBRaGF ooty Beulnge it S s SHeuy 45 dhel dea”

for a 16- bamvbrii BP G @MudH lowWedr th@X &Pk &ue to'ﬂeWBI@HDQUMXT) aScatd Gapdemallor
bins), then it -20 woul d be preferable to use H st sunB(0) and Hi st

sunB( 24) 1> belifigenche beteepin thej quereBLMEIUIREPTaYiOYshi PIOSGIEST PRRECSH{l gt scene
| um nance e%ﬁahg{gr?ls%otmt PHEEYe, e thidehobd RIS is bRGGAD SECH WG BLMpd ues

for both the h bright ness and | ow bri ght ness areas”exceed a_ predefi ned
t hreshol d, d¥hémibe Segne BimBzsBetsitor Vi dejectsanehangreingbens in the wirfehicliakdh Q’ét%t ween

5 the two arg, §%§,J: @gnéeﬁﬂgl% fshe tﬁ;'efbfoﬁlreﬁ{‘%ﬁué@ﬂ’ d, W@Felr{g)es@ﬁeavy 5 tahen

t hres (WhICh I ndicates t areas are possibly equal
t he B&WS curbgen detectddotherfcens @taneet Elag istset the Q@Qigmwahtemﬁél: AESEheTlpehelagicar ea

f th h diff
Chres arsd ad “68 3B Be Rud9s indldn HE SR G Sy SR8
respecti vel ys expreggsadens 1k mbhadoscods pewadep ireLisfing17:st ogr am t hat

If (No-scene-change && (Norm_Diff < WEIGHT MAX/4))
THEN -> No switch of type of curve, no change in parameter settings are allowed

25 Listing 7

A decision on whether the field picture histogram is low in contrast is made in step 73.
Generally, a low-contrast picture will have a narrow-shaped histogram. Based on this
assumption, the algorithm first decides whether the histogram is low in contrast. Figure 8

30 shows a typical narrow-shaped histogram.



iL.s over contrast. If the Black and Wiite Stretch ("B&A\5") curve is suitable
for correcting the histogram the B&W5 curve is selected and associ at ed
paranmeters for the B&A5 curve is calculated 15 in step 79. Wth reference
to Figure 4, the range of the B&A 5 curve defines the positions of the
corresponding inflections points of the left segnent 40 and right segnent
43. The position of the left 40, centre 42 and right 44 segnents fall into
pl ace upon determine the two inflection points 41 43. A higher range neans
that the inflection points occur nore towards the centre and a | ower range
means the inflection points occur nore towards the 20 far ends (or away
fromthe centre) Therefore the range settlng det erm nes where the maxi num

stretch (i he inflecti.o ccur. The

i cat es ol B GHISH R e deRrbR Erte wst e s b Higpiew F BPEHBA o be
(i.e. to detgfidiow RewwsbeeR: They bk bhee BlinoReSs edicdlired kRfAisARim GO Rk ERIH2
and right 44 segnents should be). 25 To determ ne the range setting in step
79, the posi ¥ &R ST sema@%@r%b@ﬁdéwt‘:r & enery togms.GY higipgrgmy if s lowagoniigdt if op
left and rig i S I t n P

maxi num val u%{yf %Fﬁegﬁ tn%e?dtl LEEH%nFsdr tist § '?%NGF i 'EHe E 16 {’E?ue%?g{ eé{ﬁér?g% tsl and
Hi st sunﬂés)an@ﬂumémgwamu@rewnvmevmnehwdgaM¢on of the maxi mum concent r at ed
area at the far left of the histogram and is further used to set the
position of the left-segment 30 inflection point 41. Simlarly, it is
preferable t]lfah e pivaee iulowialcastrdst, diw nibmkﬂamapbe bhlsahlcsijlvmlésiﬂg’l_m)e oﬂ-diimbr

Sos tion’ of RO ¢ ONce i et LS 3¢ e, b hiv S Fenciment **

hi stogram adiivess The Ed@ionu8@dndsOors ¥heleBe n@ﬁwsﬁapeafmétbgarhl 19 bl gt
|nflect|on point 43. The inflection points 41 43 w ypi cally occur at

t he nost eonla%wwtaltw (gF braghtesss £HY ditha igeeran (mléh naﬁgerepfr)oxf hg pesitipneofyasi s
for determ niag, Eﬁumg AT Sof %sqr}umﬁf(zpﬂ%tg @dsotfhe (DRl PRy demeld on
t he amobunt of dark or bright pixels at eaV| g concentrated area. A
hi gh gai n cavelesetor itfe vahee perE ntitige femtbe greatsst valudk ooV, by igghtto pieside svhich
high. Wth r the gain indicates how high or | ow each
of the two |§%ﬁggﬁgoﬁ&§§?%%§5§5éﬂ3 shoul d be. A high gain neans the
inflection points 41 43 are 10 further away fron1the dotted |ine 45.

her ef fth b hechot Le
poi nt 4130 1P B2 B AEEE RGO 3o o7 ogpee] UidrigeCasna i o

the current Hofdomall &ds AD&I ftii®Mmot Medr ther éxtrdine dafrk tahe gx@eme ririppe aadaioumtheof
bright pixels is h&ﬁ the inflection poi é 3 will be placed | ower p

more verti cal$!9EraB G dC EEpahesan fQsareRd e Nistagram HypE ATERP! 5o SPPIOYh then
Figure 4). IQnkhst 36RP of GhdprhfES Thhat chnemvz&aﬁgrevw esn@lve W tRRbE if Bl
correcting the histogram and |ikew se, ste deci des that the B&W5 curve
i s al so not &t EasEnEnseBPMAde Ohig betvech i@tvebm%;to # slussec figypes 9 ghogiglaect ed
by def auby_a9elediiudisan ekahftoRALGHELELS whith s BEEWiN Be bifosERbGibaed i n
step 710. The BS curve is the default curve, chosen when no other 20 curve
has been chosen, and can be effectively used to nake the dark pixels darker
to increase n s n

o, nor eace e, ESNAERTs Sl S8 Gl BB HHEARIR BS GhrlietedB

bri ght ness mmctantccdrpa(atmmfreﬁﬁnhaaﬁs htymess caﬂmgatbd 1rg<.hd:méf's sYWViZeferench® Flgpnet

bri ght ness 25 axi he inflec p referabl mted
Lo o s murh 93 BEE BaRg O6nG SieRR R it seinfLS Bttt BB S0,
It is prefersahhe nliidlé sédigeny dl ug thé c%nﬁyﬁh@genvupperstdepéﬁ dlogeswHEbtrechv fhleue
with 70 to |20, |ncIu5|ve Figure 11 shows g gmgaﬁle of a histogram.that a
BS curve carli#iee#Raydsrapatin geisaseibe cqnastadhiere TPgeSFERE AR IEHOTHIGur e

2, the steeppgsswiks't fiecdmbrhiratifd TR the Slsipeand 0, Indaé iciBehtaskamBR:, 9k Ras @t | NG
is to be set in step 79. A high gain means a steeper slope 20 is set. The
BS curve is decided by looking at the values of the Hist sum2(i), Hist sum3(i) and Hist _ sum4(i)

measured by the Histogram Analysis Block 53. Note that one or more of the nine sums for
30 Hist sum7(i) has exceeded the contrast-sensitivity threshold level. An example of a very

low-contrast picture (having a narrowly concentrated histogram) such as that shown in



=22 targeted for sequences with a high overall brightness or has few dark
areas. The quantity of dark pixels in the field picture is used to

determ ne the range and gain settings, which preferably depends on the
percentage of dark pixels in the picture. Using the current exanple, the
gain settings nmay be deci ded based on the percentage anpbunt of 5 Hi st
sum=f (0) conpared to all pixels in the histogramrangi ng between 2

predefi ned percentage thresholds, the BS th |ow and BS th_high. If the

per cent age of Hi st sumi(0) corrpared to a#.JS pi xel's in the histogramis |ess
than the BS th | ow threshol d, the maxi rum-gain can be set (i.e. a steepest
slope is set). However |f the per cent age of Hi st sun®(0) corrpared to all
pixels in th ogr aI to or ant BSt

Phr eshol d, | 15eH R wRRmrgan 50 Cerby Gaftl he HESupd Sxesd e e A
inflection agedel )mdd% Bd et b RO Mthe @litve R8N FRAMS Us&E TRPBoBTovek hYidt MRS o
inflection at all fl. . slope 20 coincides with the dotted line 25 in

Fi gure 2 andtheopifgiessegmenti gonre isi meferpd fo SFQp et b9 averpgeslusiipascyvelup ioddho2 24
s at an apghfe o d° ESEAGSGO 11MCTROLGRRY Blongs HigfimedNed BERL ALy
maxwrumgaln IS where s ope I's at an ang grees to the

hori zont ab Xéealxa@,bﬁglntnmhbls)ethpekgoemnalgéhelﬂlsmatameénaiffsn’rB@ckéb.';mﬁl( 0), conpared
to all pixels in the histogramwhich fall within the BS th low and BS th
hi gh thresholds, a plurality of discrete gain setting positions are

provi ded to Aesthesp®odve parametar shitigrte be devidbdey thallafi-sqparcad] G hrdaigdhobagment

interval s be and BS.th high thresholds. For ex | e, the
nunber of i LERGRS 9 gi08 GHTFrgARCRRTBE PR A e B bEr e R 5B,

i ncl usive. Viigogrant Rvele XML endd &t the Witkhhkss2kis l(léi% Cide51ain Pipfe PET 6Nt age
of dark pixels within the threshold range which falls within the range of

one of tHB iexaEpleafhe thregsxirene quhlénfséfoww Dyoliist syradEblaad thatheeet sxyR@E éi‘th%

into a parti i g val .
Aol e 4 P BETE 5 1800 0, A BROMIA, bt

percent age velbneel Qﬁnddmhksqgmed shopai I2trespectivelyt Hoe 8 ho walpe nfFisnwainH(O), attich
W thin the rl%ﬁggt cglIa.mathtof4 cpcl}l?r is 1nﬁg€? % IEurgo ﬁégg S%g ?%t g&%m@ht?%lope

t hreshol d, rans disere
correspondi ngodld Hehsxdt. i héssrsmb mEanantbhteth\zalleﬁesgmént B‘B);iehlo ms/vnwnd hBSzctritalhl gh

may be 019 er&?nrl/tersaly, a %lgee QI' Ifzs?ssgmgf \Qveclu Yd YICPd a sIeeper left-segment slope 10.
Likewise for a low value of Hist sum3(13), which indicates a small quantity of bright
pixels in the picture, a less steep right-segment slope would be set. Conversely, a high

value of Hist sum3(13) would yield a steeper right-segment slope 12.

20 Ifaccording to step 74 a GS curve is not appropriate for the current picture, the next step is

to try to use a WS curve for correction in step 76.

In step 76, if the narrowly shaped histogram is located very close to the dark area (i.e. near
the extreme left), the WS curve is chosen to improve the visibility of dark area details. In

25  the current example, a WS curve is used if the condition in Listing 8 is satisfied:

if { (max7 _position < 2) and ((Hist_sum2(0)*2) > num_pixels_per_win) }
Listing 8

30 where num_pixels_per win represents the number of pixels in each window. For large

values of N, max7_position can be replaced by a more general expression, maxN_position,



: 23 It is further preferable that the | ow conplexity algorithmfor the
Mappi ng Functions Deci sion Process 58, as shown in Figure 7, be inplenented
in software made to run on a sinple programmbl e controller or processor.
When the algorithmin Figure 7 is 5 inplenented in software, it can be
flexibly applied a software add-on to any existing systens with

swi t chabl e/ sel ect abl e mappi ng functions. This invention could also be
applied to digital still pictures. 10 Many nodifications will be apparent
to those skilled in the art w thout depa;%jpg fromthe spirit and scope of
t he i nvention. y -24 CLAIMS: 1. A nethod for enhancing the contrast of
video pictures including the steps of: (i) receiving an input video signal;
5 (ii) extracting a.picture fromsai.q,.input video signal; (Ljli et ey m ni ng
o et ve. w ROBEPEIRL I Brectpb 3 A e tutniieng 1 rmo G bigy het

| um nance vabhi@gpubhisbMe] Basi Abifgitkk REJestMAINM oTAOM b fintsddr Gadk Ghé!le8s tha half
determ ning characteristics of said histogram 10 (vi) selecting one

sui t abl e mappheriglueh 8t iFanexamps, ford o hingithe pagmupaphie s Musehs bns based on
the determ ned characteristics of said histogram and (vii) mapping the

| um nance val ue of each pixel in said picture in accordance with said

sel ect ed rfapghagestenitriachecked iPwhathe thestmef dfe fobia? hing isvmerethan 40%eaf the ep
(v), said ne i : 14N sai d
b1 Eure i's pubPlpt STt Bl W haP ot pRL GRS AELRERANRT AR e
further incl daknagagddden ekirapls bésuchh hitempant is)shayn irsFigpreOv) (b) preventing the
sel ection of a new mapping function where said picture is part of a snooth
20 scene sequence. 4. The nmethod of claim 1l wherein step (iii) determ nes

said active v the VS feQfveSiaisGitableC fod rc@rrbting thé Utbiogeanthy WS xahe ik fselettedbel
picture that do not formpart of any black bars at the boundaries of said

pi cture. 195 associated parameters for the WS curve is calculated in step 77. With reference to Figure

3, the inflection point 31 of the WS curve occurs preferably at the average brightness 33.

The gain setting of the WS curve decides how high the inflection point 31 of the curve

should be. The estimated average brightness of the histogram (est avg brightness)

calculated by the Histogram Analysis Block 53 can be used to decide the gain settings. For

15 example, typically when a WS curve is chosen, the value of est_avg brightness is

generally quite low. Thus, a very low value of est_avg brightness results in a higher gain

setting. A not too low value of est avg brightness results in a lower gain setting.

Minimal gain is achieved for a high value of est_avg brightness. An example of a very

low value of est avg brightness is a value less than 30, and a very high value of

20 est_avg brightness is a value higher than 100.

However if, according to step 73, the picture was not low in contrast, a decision is made to
determine whether the picture is over-contrast in step 78. In step 78, the algorithm detects
any heavily concentrated histogram at the far left and right areas, which indicates that the
25 sequence is over-contrast. Figure 10 is an example of an over-contrast histogram. In the
current example, the value of Hist _sum4(0) (corresponding to the low brightness area) and
the value of Hist sum4(12) (corresponding to the high brightness area) are preferably used
in making the decision in step 78. More generally, it is preferable to use Hist _sum4(0) and
Hist_sum4(P) to make the decision in step 78, where P is fourth last term in a picture
30 histogram containing at least four bins. Preferably, Hist sum4(0) and Hist_sum4(12) are

used for a 16-band histogram. If, for example, the histogram has 32 bands (or bins), then it



5. The nmethod of claim1 wherein step (v) includes the step of cal cul ating
the weighted difference between the val ue of each said bin of said

hi st ogram and the corresponding value in the sanme said bin of an earlier

hi stogramrelating to an earlier processed picture. 30 6. The nethod of
claiml wherein step (v) includes the step of determ ning, for said - 25
hi st ogr am cont ai ni ng a maxi nrum nunber of ~~I bins, where Mis an integer,
where each said bin in said histogram are sequentially nunbered, n,
according to the pattern n, n+l , n-~-2 and so on, where n is greater than
or equal to zero, the sumof Q consecutiV¥®-bins by taking the sumof Q
consecutive terns, starting fromthe termn = 0 for all terns of h 5 except
for the terms of n greater than the term (ll~l n). 7. The method of claiml
wher ei n st epwould)bei prefecaisstor wre Hisiepume(0)deandelisi_stmd(24), dringghel respertiye sums
whet her sai d _pi i oW 4 : ' [ LCEurng t erm ned
to be low i nta(gél?]%{rjg@t f,oalg%att Xe}{rdmﬁﬁﬁe%gth\{/ﬂgérﬁg%Qgell&éseéﬁgg FO(%%C ] nlgﬁfﬁ)els rs%ggfogr{c i on
i s suitabl e tasechive bin edtdsnfyr daihdthe dighr bisghtnean dndvitew drighinelsspiredsuaxeeddsa not

| ow i n contrast, . determ njng.whet her id picture is over trast. 8. The
method of ol BELEReAEIERIo SoRrah DGy Pt Al RS ACIereoRe petween

sui tabl e HorthgofWeate Bidalfei Ma QR Idafdrenck NBfesiRolF @dfinall BE BT BRI (ECt | oNn
is selected and 15 associ ated paraneters for sai Stretch mappin

an( . d Ge
function ar elndicaies thahbeathaaiess appPessigly @1ualiy Beaw e phos; the BéhWV Reppieris chesre 19 on,
and wher ei n itferdahdhiAogMnioWatds theRRRII Akka bl e bhiBRink s aRRl1SUi tabl e,
determ ni ng whether a ite Stretch mapping function is suitable for
correcting said contrast. 20 9. The nethod of claim7 wherein, if said
Wiite Stretc ' f j | S SMI | i i t ,
then a Wi t cLie e diEE ekl ehd B Ol R R MR SR L er s
for sai d1Whi uentsst o€ pixbls papwindgw frespedtively. Figraled srowsraadxample af pistogchnt thasai d
Wiite Stretch rralg{()?i n% function, and wherein if said Wite Stretch mapping
function is NOY'SOPt%hi e, a Black Stretch mapping function is selected and
associ ated 25 paraneters for said Black Stretch mapping function are

det erm ned and agf)l ied to said Black Stretch nmappi ngf function. 10. The
met hod of clHiths BlagkapdiWhiterSteeighd "R&N Y cuive iissubiphle Tehrarrestng thg hitegramang

Wi te Stret Cife BREWERAVeUSSd1E@dH drd S&JcREdGHAANGAERAE BRAMS BRI \Ehiculated
paraneters are 30 determ ned and applied to said Bl ack and Wiite Stretch
mappi ng flancinistr, 79aVdithressrenca te Figure 4, the range of the B&WS curve defines the positions

of the corresponding inflections points of the left segment 40 and right segment 43. The
position of the left 40, centre 42 and right 44 segments fall into place upon determine the
two inflection points 41 43. A higher range means that the inflection points occur more
towards the centre and a lower range means the inflection points occur more towards the
20 far ends (or away from the centre). Therefore the range setting determines where the
maximum stretch (i.e. the inflection points 41 and 43) will occur. The gain indicates how
high or low each of the two inflection points 41 43 should be (i.e. to determine how steep

should the slopes of the left 40, centre 42 and right 44 segments should be).

25 To determine the range setting in step 79, the positions of the most concentrated areas of
brightness at the far left and right of the histogram is first determined. Preferably, the
maximum value from either of Hist sum2(0), Hist sum2(l), Hist sum2(2) and
Hist sum2(3) is used to determine the position of the maximum concentrated area at the
far left of the histogram, and is further used to set the position of the left-segment

30 inflection point 41. Similarly, it is preferable that the maximum value from either of

Hist sum2(11), Hist sum2(12), Hist sum2(13) and Hist_sum2(/4) is used to determine the



said Black and White Stretch mapping function is not suitable, a Black
Stretch mappi ng - 26 function is selected and associ ated paraneters for
said Black Stretch mapping function are determ ned and applied to said

Bl ack Stretch mapping function. 11. The nethod of claim1l wherein step (v)
i ncludes the step of tenporally filtering the 5 value of each said bin of
said histogram 12. The nethod of claim6 wherein step (v) includes the
step of determ ning the maxi mum sum for each said cal cul ated sum of Q
consecutive bins. 10 3. The method of claim 12 wherein step (v) includes
the step of determ ning the correspondi ng,,bin position for said nmaxi mum sum
of each said cal cul ated sum of Q consecutive bins. 14. The nethod of claim
13 wherein said val ue of Q ranges bet ween 2 and ((~L1/72) - 1).
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compared to the current indicated position in Figure 4).

15
If step 76 decides that the WS curve is not suitable for correcting the histogram, and
likewise, step 78 decides that the B&WS curve is also not suitable for correcting the
histogram, the BS curve is selected by default and the associated parameters for the BS
curve is calculated in step 710. The BS curve is the default curve, chosen when no other
20 curve has been chosen, and can be effectively used to make the dark pixels darker to

increase the contrast of pictures.

With reference to Figure 2, the inflection point 21 of the curve is preferred to occur at the
average brightness position (represented by est_avg brightness) 23 on the input brightness
25 axis 24. The inflection point 21 is also preferably limited to a maximum value,
BS Average upper_limit, which is preferably set at 100. It is preferable that the value of
BS Average_upper_limit is set a value with 70 to 120, inclusive. Figure 11 shows an

example of a histogram that a BS curve can be used to improve the contrast.

30 With reference to Figure 2, the steepness of the left-segment slope 20, defined as the gain

setting is to be set in step 79. A high gain means a steeper slope 20 is set. The BS curve is
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corresponding to that interval.

Example values of BS th low and BS th high may be 0 percent and 10 percent
respectively.
30
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10 Many modifications will be apparent to those skilled in the art without departing from the

spirit and scope of the invention.
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1. A method for enhancing the contrast of video pictures including the steps of:
)] receiving an input video signal;
5 (i)  extracting a picture from said input video signal;
(ili)  determining an active window for said picture;
(iv)  calculating a histogram for luminance values of pixels in said active
window of said picture;
) determining characteristics of said histogram;
10 (vi)  selecting one suitable mapping function from a plurality of mapping
functions based on the determined characteristics of said histogram; and
(vil) mapping the luminance value of each pixel in said picture in accordance

with said selected mapping function.

15 2. The method of claim 1 wherein after step (v), said method includes the step of: step

(v)(a) determining whether said picture is part of a smooth scene sequence.

3. The method of claim 2 further including after the step of step (v)(a): step (v)(b)
preventing the selection of a new mapping function where said picture is part of a smooth

20  scene sequence.

4, The method of claim 1 wherein step (iii) determines said active window for said
picture by including only pixels from said picture that do not form part of any black bars at
the boundaries of said picture.

25
5. The method of claim 1 wherein step (v) includes the step of calculating the
weighted difference between the value of each said bin of said histogram and the
corresponding value in the same said bin of an earlier histogram relating to an earlier
processed picture.

30

6. The method of claim 1 wherein step (v) includes the step of determining, for said
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for correcting said contrast, then a Grey Stretch mapping function is selected and
15 associated parameters for said Grey Stretch mapping function are determined and applied
to said Grey Stretch mapping function, and wherein if said Grey Stretch mapping function
is not suitable, determining whether a White Stretch mapping function is suitable for

correcting said contrast.

20 9. The method of claim 7 wherein, if said White Stretch mapping function is suitable
for correcting said contrast, then a White Stretch mapping function is selected and
associated parameters for said White Stretch mapping function are determined and applied
to said White Stretch mapping function, and wherein if said White Stretch mapping
function is not suitable, a Black Stretch mapping function is selected and associated

25 parameters for said Black Stretch mapping function are determined and applied to said

Black Stretch mapping function.

10.  The method of claim 7 wherein if said histogram is over contrast, a Black and
White Stretch mapping function is selected and associated mapping parameters are
30 determined and applied to said Black and White Stretch mapping function, and wherein if
said Black and White Stretch mapping function is not suitable, a Black Stretch mapping
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