METHOD AND SYSTEM FOR CONTRAST ENHANCEMENT OF DIG TAL VIDEO FIELD OF THE
| NVENTI ON 5 The present invention relates to a nmethod and system for
enhancing the overall picture contrast of digital video signals by using
an automatically configurable mapping function that is automatically
selected froma predeterm ned set of mapping functions based on set
criteria. 10 BACKGROUND COF THE | NVENTI ON The need for video contrast
enhancenment may arise due to the picture contrast distortions caused by
transmssion limtations or the imtations of video capturing devices or
nmedia. 15 Exanples of video signals reqgyiring contrast enhancenent are
video pictures that are too dark, too bright, too lowin contrast or are
over contrast. Mapping functions are nornmally used to map the original
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represents the original |um nance values of those pixels in a picture and
the vertical axis represents the adjusted pixel |um nance val ues using

each mappi g yer PREIRSEINPIONEach pixel's original |umnation value. The
mapped out put picture generally inproves the contrast of the picture, and

give a better subjective quality. 25 In US Patent Nos. 5, 388 168 and

6, 259, 472, 4 h j n t ﬂﬁ?ﬁl

Cumul ati ve Tﬁgﬁ)srig@gtpb&nc o '% ké@gﬁ)@@@&?& aﬁ&' g%‘%‘ur e |a§§3 ram F?E gat ent
6, 148, 103, comtpyst ugdtguﬂmdmﬁgmﬂebpmm adomytmaﬂyrpam.ﬁgtgahidnmappmg Ggrction f or
the current |cture essed th.t vi ousl rocessed
i st ogr arrs Q6 GBS Pl D FaBA Rrete s St oh mReRtE Feeies ol R

5, 937, 090, cfifegiaoriginal picture is first quantised and then the CDF of the
quantisl%d pi cture histogramis used to generate the

—t

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 pictﬁre 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, sone pre-determ ned 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 select an appropriate mapping function for that block, and an
enhancer nmaps 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 arge conbined by a weighted-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,

resulting in_over-contrast pigtures. rng _ _functions .th ar e .gener at ed
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mappi ng function selection nethod is too sinplistic and |acks accuracy. A
need therefore exists for a nethod and apparatus for enhanci ng t he overall
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functions that are generated by picture 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.




SUMMARY COF THE | NVENTI ON An obj ect of the invention is to enhance the
overall picture contrast of digital video signal so that it gives a better
subj ective quality, without 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 signad= (ii) extracting a picture from
said input video signal; (iii) determ ning an active w ndow for said
picture; (iv) calculating a histogramfor |um nance values of pixels in

sai d acti vEUMMARY OF FHEANVENTION 15 (v) determ ning characteristics of
said histogram including determning, for said histogramcontaining a
maxi mum nunber of M bins, where Mis an integer, where each said bin in

said histo
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the termn = 0 for _all terns of n _except for, the terms of n greater  than
the term (Pigtyre quality. sAnether ohject of %H“ﬁ’ﬁ’ﬁ!@ isd snbagce thecpictme SorrAsE without
plurality ‘?ﬁtr&ﬁ:@ﬁi(?ﬂ diiffact i ons based on the determ ned characteristics of
sai d histogram aﬁ lz mappi ng the | um nance val ue of each pixel in
said picture in accor dance 25 with said sel ected mappi ng functi on.

Pr ef er abl after , _the ste f e i for determnj ng .whet her
Cat - py ot T8, iréfeat iVeghiod, neipies s SRefod Jof Bubactndle anar Gt ydeg pigires cp
(v)(a) the,ﬁsd;ngthesgt@g ofv) (b) preventing the selection of a new mappi ng

function where said picture is part of a snooth scene sequence. -4-
10 m receiving an input video signal;

(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;
15 v) determining characteristics of said histogram, including determining, for
said histogram containing a maximum number of M bins, where M is an
integer, where each said bin in said histogram are sequentially numbered, n,
according to the pattern n, n+1, n+2 and so on, where » is greater than or
“equal to zero, the sum of Q consecutive bins by taking the sum of Q
20 consecutive terms, starting from the term » = ¢ for all terms of n except for
the terms of n greater than the term (M-n);
(vi)  seclecting one suitable mapping function from a plurality of mapping
functions based on the determined characteristics of said histogram; and
(vii) mapping the luminance value of each pixel in said picture in accordance

25 with said selected mapping function.

Preferably, after step (v), the step of step (v)(a) for determining whether said picture is part

of a smooth scene sequence.

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

mapping function where said picture is part of a smooth scene sequence.
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Preferably, step (iii) determ nes said active window for said picture by

i ncluding only pixels fromsaid picture that do not form part of any bl ack
bars at the boundaries of said picture. 5 Preferably, step (v) includes
the step of calculating the weighted difference between the value of each
said bin of said histogramand the corresponding value in the same said bin
of an earlier histogramrelating to an earlier processed picture. 10
Preferably, step (vi) includes the step of gdeterm ning from said histogram
whet her said picture is lowin contrast, and if said picture is determ ned
to be lowin contrast, determ ning whether a G ey Stretch mapping function
Is suitable for correcting said contrast, and where said picture is not
low in contrast, determ ning whether said picture is over contrast. 15

Preferably, Pfeferably, Gep)(iifit detératinesgind Rotive WAddW foS sl igictlleCby Pcluding only
correcting said contrast, then a Gey Stretch mapping function 1s sel ected

and associ at BFelsfromseidrpicturs thatdeinet Bt of oty blaglpbarg at thechdundarigseof said
determ ned agdnapplied to said Gey Stretch mapping function, and wherein
if said Grey Stretch mapping function is not suitable, determning 20
whet her a3Wite Stretch mapping function is suitable for correcting said

contrast. Pr f?réal y, if said Wiite Stretch mapping function is suitable
for correcti ﬁ'ﬁ czably; stem (Y weludes therstep ofraleulating thehweighist rdifferenes besweers the
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wherein if sefian eatlier disgigramatiatieg v aneaflisrprocessedpictade. sui t abl e, a Bl ack

Stretch mapping function is selected and associ ated paraneters for said
Bl ack Stretch mapping function are determ ned and applied to said Bl ack

Stretch t@pPreferdblyiCite (Vi) ifdhwfes tRd irfdefedinthihy i r 13
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contrast, and where said picture is not low in contrast, determining whether said picture is
over contrast.

15

Preferably, if said Grey Stretch mapping function is suitable for correcting said contrast,

then a Grey Stretch mapping function is selected and 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
20 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
Stretch mapping function are determined and applied to said White Stretch mapping
25 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.

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

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




function is not suitable, a Black Stretch mapping function is selected and
associ ated paraneters for said Black Stretch mapping function are

determ ned and applied to said Black Stretch mapping function. 5 BRIEF
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 ng drawi ngs, wherein: 10 FIG 1 is an exanple of a mapping curve
for the Gey-Stretch ("GS") mapping function; FIG 2 is an exanple of a
mappi ng curve for the Black-Stretch ("BS") mapping function; FIG 3 is an
exanpl e of a mapping curve for the Wite-Stretch ("Ws") mapping 15
function; FIG 4 is an exanple of a mapping curve for the Black & Wite
Stretch ("B&W5") nmapping function; FIG 5 is a block diagram show ng the

mai n conponent nd _process flaw of th Cont.r.as nhancer,:. G 6.is a
di agr am shomﬂé“&'ﬁeég'ﬁ mepgie g’“’fﬁg’béﬁ V‘ihBW"C‘BFﬁSﬁ_E gg@??“%%ﬁﬁ”ﬁ#’ﬂ?ﬁ?ﬁm

data; FIG 7gingtiéh id ay¢ gliaskam Shawstgich RappigORinchion &S eeledted 2pd agRGiRledg a
picture histogramand for selecting a suitable mapping curve based on.the

pi cture hi st BRyameersHiocsaid BlackaStastely mappiss dvpotion &5 dstamined and sppliedite #8dr am
out put of a b :cture that requires a Grey-Stretch mappi ng
curve for co%{%\ﬁ%g’?&%ﬁ%%%gmﬁr??? IG 9 is a diagram show ng an exanpl e of

t he hi sto§ram output of a |lowcontrast dark picture that requires a

Wiite-Stretc i ancenent; FIG 10 is a diagram
show ng an eﬁ&ﬁ@%@ﬁ&@gmﬁm&f an over- contrast picture
that requires a Black & Wite-Stretch mapping curve for contrast 30

enhancenent ;_and . ) . . .
Preferred embodiments of the present invention are herein described, by way of example

- only, with reference to the accompanying drawings, wherein:

10 FIG. 1 is an example of a mapping curve for the Grey-Stretch ("GS") mapping
function;
FIG. 2 is an example of a mapping curve for the Bléck—Stretch ("BS") mapping
function;
FIG. 3 is an example of a mapping curve for the White-Stretch ("WS") mapping
15 function;
_FIG. 4isan 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



-6- FIG 11 is a diagram showi ng an exanple of the histogram output of a
picture that a Bl ack-Stretch curve can be used to inprove the contrast.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS 5 Figure 5 is a block

di agram of a contrast enhancenent device showi ng the main conponents

t hereof as indicated as Contrast Enhancer 59. Preferably, the Contrast
Enhancer 59 has a Histogram Data Circuit 51, Black Bars Detector Mdul e 56,
Scene Change Detector 57, a Mapping Functions Decision Mdule 58 and a
Picture Mapping 10 Circuit 55. The H stogram Data Circuit 51 receives a
digital input video signal 50 and generag}es a hi stogram corresponding to
each picture or frame extracted fromthe digital input video signal 50.
The generated hi stogramrepresents the varying degrees of |um nance of the
pi xel s in each pi re.. The generated hi stogr be of higher.
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grey-1evel oBlgkiSteichichfrelhn bellisedd inir6Vdthe colfifald @ 256- band hi st ogram or
alternatively be of |lower conplexity allow ng faster processing, for
exanpl e using a 16-band histogramsimlar to the one shown in Figure 6. As
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After geperating a hi stogram the Hi stogram Data Circuit 51 passes the

hi st ogr atfl bitireuif 2oy e Ehe Histogaanyias RcHbAL recsives Baligitl dnpunbisied sigbal S0Tad
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16- band hi sinmyjt andeeosignalnf&t obreagenerated histogram represents the varying degrees of

luminance of the pixels in each picture. The generated histogram may be of higher

complexity for greater accuracy, for example representing the 8-bit grey-level output of the
15 current picture using a 256-band histogram, or alternatively be of lower complexity
allowmg faster processing, for example using a 16-band hlstogram similar 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 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 région

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 Iabelled as bin 15.




with 16 bins), where the first binis labelled as bin 0 and the last bin is
| abell ed as bin 15. -7- As shown in Figure 5 the Black Bars Detector 56

al so receives the digital input video signals 50 and processes the signal
to detect any horizontal or vertical black bars which may occur at the
boundari es of each picture, for exanple, the black bars caused by the 5

| etter-boxing effect. The Black Bars Detector 56 extracts the active w ndow
information, or those pixels of each picture representing the actual inmge
to the exclusion of those pixels representing the black bars contained in
the picture. The active window informatiqm_is passed to the Hi stogram Data
Circuit 51 to serve as the raw data for generating a histogramfor that

pi cture. The exclusion of pixels corresponding to the black bars enables 10
a nore accurate histogramto be generated to reflect the true | um nance of
those pixels in the picture conprising the actual inmage. As a result, the
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Module 58 to enhance the picture. The Mappmg Functions Decision Module 58 includes a

15 Temporal Filtering Block 52, Histogram Analysis Block 53 and a Curve & Parameter
Decision Block 54. Active window information for each picturé is also passed to both the
Temporall Filtering Block 52 and Histogram Analysis Block 53 in the Mapping Functions

" Decision Module 58. ’

20 The Scene Change Detector 57 also receives the digital input video signal 50 and processes
the signal to trigger a flag (the "Scene Change Flag") to be set, thus to indicate whether a
scene change is occurring in the current picture being processed The status of the Scene
Change Flag is used by the Curve & Parameters Decision Block 54 in the Mapping
Function Decision Module 58 to decide whether a new type of mapping function should be

25  selected for enhancing the picture being processed.

Generally, the Temporal Filtering Block 52 filters the histogram data (or the bin values
from one histogram) provided by the Histogram Data Circuit 51 to reduce fluctuations in
the histogram data that will lead 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



30 the fluctuations in the tine domain (or otherw se known as tenporal
fluctuations), for exanple, the histogramdata of the current field
picture can be quite different fromthe -8- previous field pictures even

t hough the overall contrast of these field pictures |looks simlar. Note
that it is not the fluctuation of the histogramdata that causes
flickering, but the fast changes in the selection of mapping functions in
response to the fast changes (or fluctuations) in the histogranms for field
pictures. The Hi stogram Anal ysis Bl ock 53 5 conputes sone statistical

I nformati on (as described further bel ow) qued on the field picture being
processed, which is then used by the algorlthnlln the Curve & Paraneters
Deci sion Bl ock 54 to decide which type of nmapping curve to use on the field
picture and also to determ ne the values of the different raneters for
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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 wéighting 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:



hi st ogram corresponding to a previous field picture processed i medi ately
before the current field picture) and hi stogram corresponding to the
current field picture according to the differences between the two

hi stogranms. A preferred inplenentation of the adaptive weighting
conput ati on according to the histogramdifferences can be described by way
of 30 the follow ng pseudo-code: -9- Fori=0to 15 diff f += ABS(curr
histobin(i) - histobin(i)) } weight = (dii f * WEl GHT MAX +
nunj,ixels_per_wn) / (2 * numj,ixelsj,er_win) 5 Listing 1l wherei is the
bi n number in the histogram numbered fromg to 15 (assuned to be 16 for

t he above exanple); ABSO is an absolute function; curr_histobin(i) is the

i nput bin value corresponding to the it' bin of the picture histogramfor
the current fiel |cture, hi stobin(i) 10 is the filtered output bin val ue
correspondi ng t Ofﬁe 006 n fromthe tenporally filtered histogramof the

nost recently procggseddbseld MmibbMiip- hivBphxel s_per _win is the nunber of
pi xel s per active freld wi ndow passed into the H stogramData G rcuit 51;

diff f is the &bsolute value of the difference between the value in each

bin in the currgp ,gﬁ]@ﬂgg %f%ﬁ?mrﬁszgpz%%? Wﬁéﬁ'm)m i BREL P NG

bin of the filter ™ out put I's the~esti

wei ghtingSor enphasis to be given to triastlmgsl ogram data of the current or

incoming field picture; and WEI GHT MAX defines the maxi mum val ue of wei ght

for a range of estinmated weight values. A higher value of dfwill lead to a

Pi glhgr wei ghherh!ahslﬁxe(blm fumbé i tenihtagrat mimbeled fhjrm)agrlamﬁmedm» benbfofk ng
ield pictur

). Note that the t pi xel s s the
maxi mum r an @ Gpo‘ﬁ’l gmplek 1B} 15 @P??gfg%“’ﬂf CURRY V\@ “B’s‘/ﬁﬂ{’.laﬁ
num-pi xel s_Pp&kre¥poading tb b /2 BHAH tREpictl® hiStbgasl f8Ethe @Qﬂrdf_hnt_ffkﬁlétﬁﬁeg Bidbiny) t he

hlstogram it is gee erable to set the val ue of 0 and the
val ue of 1Qeiigitke fillersd oatpyt bim wales coseaspraglingotothel r‘%(qm fromphe emparaliy, Bltesed

VEI GHT Adi 4, XUBADS @ hAnES re P Srocse PEAY pRiSe hufth SollsChar Hirlth et}
of pixels per active ficld window passed into the Histogram Data Circuit 51; diff is the
- absolute value of the difference between the value in each bin in the current picture
histogram and the value of the corresponding bin of the filtered histogram bin output;
15  weight is the estimated weighting or emphasis to be given to the histogram data of the
current or incorhiug field picture; and WEIGHT MAX defines the maximum value of
weight for a range of estimated weight values. A higher value of diff will lead to a higher

" weight value (i.e. more emphasis on the histogram of the incoming field picture).

20 Note that the term (num_pixels_per win * 2) defines the maximum range of diff, and the
rounding-up of weight is done by adding num pixels per win in the equation. To
minimise rapid fluctuations in the histogram, it is preferable to set the value of
WEIGHT MAX to 50 and the value of weight to be 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 weight depends on the value for WEIGHT _MAX. The
computed weight value will always be within 0 to WEIGHT MAX inclusive.




25 data wll be taken into the filtering process. If the value of WEl GHT
AL4AX is set too high, this results in high |atency or slowness in adapting
to the changes in contrast in the field picture. However, if the val ue of
VEEI GHT MAX is set too snmall, this leads to very drastic changes of the
mappi ng functions and thus causes flickering, which defeats the purpose of
filtering. Typically, the value of WEIGHT MAX may be set within the val ues
20 to 100 30 inclusive. The range of values for wei ght depends on the val ue
for WEI GHT MAX. The conputed weight value will always be within O to

VEI GHT MAX inclusive. -10- Listing | is tgyconpute the estimated wei ght
value and is the first part of the filtering process. The second (or nain)
part of this filtering process is provided in Listing 2, which nakes use
of the weight value to performthe required filtering. The variabl es
referred to 5 in Listing 2 correspond to the sane variables in Listing 1.

Fori =Oto 15 Listingt dbito Conpete(thelestirhited @ighf valud av@iQiie Arshpat ePtR(fillering
(VEI GHT MAX - wei gﬂﬁ‘)e / V%I GHT . MAX %0_} i sting 2 The Hi stogram Anal ysi s
Bl ock 53 recBPHREY { iesegand (0L maiy pag ob His fillering neekess isprovidedyn ddsting 2, whigh

i nput hi st oomalees kST thb Svel; lto fd [ ki | | ue
r epr esent 15 the _nunber %?EQIP%? Eér?%r&etgg%q%g%gg?%&é%?&@ﬂgg ﬁlleésr{é g\é(?am
Anal ysi s Bl dBEkisiag depresnend txthe same variables in ldatingchal cul ati ons on the current
hi stogram bin values to determ ne the approxinmate shape and distribution
of the histogram The first step of the calculations in the H stogram

Anal ysi s Bl ock #88i FiallVds cal cul ating 20 the sum of the values in

consecutive hi st m.Rins, The. summati on process. st ar | cul ating
the sum of two cg%éggf:" 5i velHn: ',"?og%t*éff’ N '§93'§§ﬁéﬁfémfw% y
stops after the conpl eti onwBIGHEl sdlyat i ng the sum of seven consecutive

bi ns, deﬂgted s Hist sun7(i). Mre than seven.bins may be summed if
desired, ™ but this would be nore appropriate for higher conplexity

hi st ogr ans. Listing 2

The Histogram Analysis Block 53 receives the values corresponding to each of the bins in
the input histogram from the Temporal Filtering Block 52. Each input bin value represents
15  the number of pixels in each respective bin. The Histogram Analysis Block 53 performs
certain statistical calculations on thé current histogram bin values to determine the

approximate shape and distribution of the }iistogram.

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 consecufive 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 numbser (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




25 For exanple, assum ng that the input histogramhas 16 bins which are
consecutively labelled frombin O to bin 15, the process of calculating
the sum of 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 next
consecutive bin immedi ately adjacent to the aforenentioned first bin. 30
Preferably, the process begins fromthe |owest bin nunber (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 cal culated for -11- the second last bin (i.e. bin
14). The sum of two consecutive bins neangjthat every addition nust be

bet ween two consecutive and i medi ately adjacent bins (e.g. between bins O
and 1; 1 and 2; 2 and 3, and so on). The process for cal culating the sum of

two consecutyve..hi fera ta 1 | eEASviR a
sequenti al ptéljtlet gercﬁﬁ(g%éfgﬁ ﬁﬁggw&{% b:ﬂ;lé sﬁ@@tgﬁ}ogs%g vgslgﬁiognlﬂiﬂtgi |t r‘{ergsum
has been cal edditibredikobe béteese tvon dorseattive land iinediatelyi adjdotht binki(cg between

corresponds to the [|ast S| bl e,bin tha e sum of 't S Y ins
can be cal cul ﬁsed;?ndsﬁﬁi ?“Ef?)s/i achﬁ, E’c“gl Al ‘thﬂ‘& PFTE% s Gm® ulgﬁé] glgg%}rrlls(gfctﬂr ive
bins, t gebvau(;tﬁeéutiﬁ)?bmsf ﬁré&fagty f}ta(tﬁ ﬁ@ml bih( hdtHen r?r@cfeadkjﬁda tseqﬂehﬁhcll\mttu& gf
a secon in (e.,g.. bin 1) and the total petweepn the first bhin  and secon
bin is then Hadid fom hing Lizr%’d@i wd(se.og_.unsf 'ﬁeﬂﬁmﬂﬁbﬁfﬁv a?lFesl?teaﬁ% s geeoRd 1y ce
consecutive Binse. RRNP, Whigh cW&EUﬂ&qgtﬂe'lﬁ pSdible IR tReiHeRRM dMvB Ronsecutive
consecutive bins, each of the bins in the set of three bins being

i medi at el y bidj eanchetcalcylated. | east one of the other bins in the sane set.

For exanple, a sum of three consecutive bins nmay be nade between 15 bins 0,
1 and 2. Another exanple is the sum between bins 1, 2 and 3. Assuming there
to be 16 bi Bimilarlyjfoecdituddtingnthersune af thrdei condeeutivg blirsb thel vathef frapma lfirst bin feg. bi n

15, the ocess, for al cul ating the m of three nse Lve bi.n .
preferabﬁ@ sl?’ﬁﬁ)t)és?drdﬁqﬁ{%ﬁ%ﬁv “ﬁﬁgals?f’é’ﬁg%ﬂ’r@c,gebﬁsl iaﬁg esté’%i’ﬁ?‘feg\'f h‘ﬁiﬁtebl%
starting frofidbieBsndlbinZisahéh Sddracto Ot bift(els. bine2)s uBiniidaly, eesune af chreat ed
for the third last bin (i.e. bin 13), which corresponds to the | ast

possi bl e bi reonSESUtYeRing Fsans thet sveryaddition gnuase be, btieerhihiee conseqyive Bing pach ed.
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bins in the same set. For example, a sum of three consecutive bins may be made between
15 bins 0, I 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

that the sum of three consecutive bins c¢an 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+l,
n+2 and so on, where # is a positive integer starting from zero, the sum of @ consecutive
bins is calculated by taking the sum of Q consecutive terms, starting from the term (7 = 0),

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

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:

Hist sum3(i), fortermsofi=0to 13;




an integer, and each of the bins are sequentially nunbered according to the
pattern n, n+l, n+2 and so on, where nis a positive integer starting from
zero, the sumof Q consecutive 25 bins is calculated by taking the sumof Q
consecutive terns, starting fromthe term(n = 0), for all ternms of n
except for the terns of n greater than the term (M n). Likew se for the
consecutive suns of 3, 4, 5, 6, and 7 bins nmay be respectively cal cul at ed
fromthe range of i terns indicated as follows: 30 Hi st sunB(i), for terns

of i =0to 13; -12- Hi st sumd(i) , for terms of i = 0 to 12; Hi st sunb(i)
, for terms of i =0 to 11; Hi st sunb(i)jp.for ternms of i =0 to 10; and
Hi st sunv(i) , for ternms of i = 0 to 9; 5 Thus for the case of Hi st

sunv(i), the algorithmcal cul ates the sum of seven consecutive histogram
bins, starting fr t r n 0) for each consecutive bin
(i.e. bins 1, 9@}: “Q‘ "@) ﬁ" elﬁlng' }no?t’é?io’ppl ng until after the sum
starting from t heHmrmm.ﬁb) nfot-t,ermklefztenttdnll b| n (i.e. bin 9). Phrased anot her

way, Hist_sunm/(i) . fepre e sum in values for 10 bins 0 to 6;
1t07 2tos; 3% sym %a?%%ﬁms P’tOBi‘i ‘5)0 12; 7 to 13; 8 to 14; and 9
to 15. The secondH%t;@pma(,) topteems 6£4 2D OQS perforrred by the Hi stogram

Anal ysis Bl ock 53 involves identifying whet her the i nput histogramis
heavi |y c@ncentrated around particular bins, or whether there are any
narrow y andrﬁx%afé o518t sird of SevdARBrdRYutiv
checking all the g@%@s&g&fﬂw%ﬁ %Q%eﬁg a[r}:gaeera §/ NOI nethl snstl(lal c
satisfies t hbtstogmndbms otar@ngfromn3he | lrSFbm (eﬁd:mpbfoe'asgutrﬁnﬁg:um\’&bln)(w fbl%‘énly of
the sums for d st mé%p e(s(fcgrﬁagr?%untﬁ %ﬁgrathg' sull %Eﬁglgtfg&g etﬁ%ﬁx%ﬂﬁﬁltg tl'% tefth

sunf? thres | ogrami-s sa eavl

concentr at edbmlfber bﬁxﬁ)m?hﬁased dnodiey waj, H‘@e.szimﬂ(ﬂ répreseh'ﬁsshe SumeT the bl@eraglcs fdr st
sun?(4)) gxceeds, 2, Seriabn prezdeler TLSd 1A B0V (i s% 1R S 00ES) - the

" The second step of the calculations performed by the Histogram Analysis Block 53
involves identifying 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 checkmg all the sets of Hist_sumN({), where preferably ¥ in this step satisfies the

condition 2N 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. sum7_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, 7, (denoted as max7_position) is also determined using the pseudo-code provided

25 in Listing 3:

max7_sum = ()
Fori=0t09{
If (Hist_sum7(i) > sum7_thres) {
30 If (Hist_sum7(i) > max7_sum) {

max7_sum = Hist_sum?7(i)



heavily concentrated at bins 4 to 10. The naxi mum val ue of the suns for

Hi ss sunv(i) (denoted as max? sun) that exceeded the threshold is

determ ned and the corresponding position, i, (denoted as max7_position)
is al so determ ned using the pseudo-code provided 25 in Listing 3: nmax?
sum=0 For i =0 to 9 { If (H ss sunv(i) > sunv¥ thres) { 30 If (Hi ss
sun7(r) > max7 sunm) { nmax7sum = Hi st sun¥(i) -13- max7josition =i } } }
5 Listing 3 The maxi mum val ue (generically expressed as naxN sun) which
exceeds the threshold (generically expressed as sumN thres) and al so the
respective i position and the, generical.ljg-expressed, maxN position, for
each set of suns for Hist suniN(i) are preferably 10 determ ned for val ues
of N where 2:5 N:5 7 using the pseudo-code provided in Listing 3. The
exanple in Listing 3 assunes thaj, bsitign€ jthreshol d val ue, generically
expressed as sumN thres, is also FErrTed to as the contrast-sensitivity
associated with the value o} N. The highest threshold value 15
corresponding to the hgghest value of integer Nis preferably calculated in
accordance with Equati én 1. The nunber of pixels per active field windowis
equal to the sumof all the values in all the bins of the histogram
contrast-sensitivity = 90% x nunber of pi xel s_per active wi ndow Equation 1
20 Based on the threshold val ue for thel4§tig®dst value of N, the threshold

val ues correspondi ng ‘

The maximum value (generically expressed as maxN_sum) which exceeds the threshold
(generically expressed as sumMN_thres) and also the respective / position and the,
generically expressed, maxN_position, for each set of sums for Hist_sumN{i) are preferably
10 determined 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 value, generically expressed as sumN_thres, is also referred to as the
contrast-sensitivity associated with the value of N. The highest threshold value
15 corresponding to the highest value of integer ¥ is preferably calculated in accordance with

Eqﬂatien 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 sum?7_thres = contrast-sensitivity

sumé_thres = contrast-sensitivity — 3%



to smaller values of N can be determ ned by pegging to the
contrast-sensitivity of a threshold value corresponding to the highest
value of N. Thus in the exanple where the values of Nfall within the
range 2:5 N5 7, it is preferable that the corresponding 25 threshol ds 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
beconmes progressively smaller as the value of N decreases. Preferably
further, there is a consistent difference between adjacent threshold
values. 30 sun®? thres = contrast-sensitivify sunb_thres =
contrast-sensitivity - 3%-14- sunb _thres = contrast-sensitivity - 6% sunp
thres = contrast-sensitivity - 9% sunB thres = contrast-sensitivity - 12%
sum 2 _thres = contrast:sensitjvity 5.15%05 Listing 4 The third step of the
cal cul ati ons perfSWﬁi&mﬁi_fﬁgkﬁﬂﬁ%gﬁpgﬁf 4lysis Block 53 invol ves

estimating the avewayehles =gbhmessemitivipe 984 el d picture using the bin inputs
fromthe corresponding picture hi stp%aQE ich is later used in the Curve
& Par anet ers Deci &"6h /e Blegukassaensitipiirdé4n| v, the average bright ness, est

avg brightness, i §,£8 005 ed,Met-RhslhBy —RsguUdo- code provided in Listing 5:
Fori =&t 01S { Sum += hi stobin(i) * (i+1 15 est avg brightness = Sum *
16/ (num pidxel s. per win) Listing 5 wherldsting4 obin(i) refers to each of the
tenporally filtered output bins of current picture 20 histogram (assum ng
that a 16-band histogramis used and that i = 0 to 15 corresponds to each
of the bins Tire thivd sfep-dfalredcabiuddtions performed by the Histogram Analysis Block 53 involves

estimating the average brightness of the field picture using the bin inputs from the
corresponding picture histogram which is later used in the Curve & Parameters Decision
10 Block 54.. Preferably, the average brightness, est avg brightness, is estimated using the

pseudo-code provided in Listing 5:

Fori=0to15 {
Sum += histobin(i) * (i+1)
15 }
- est_avg_brighrnéss = 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



Certain paraneters cal cul ated by the H stogram Anal ysis Bl ock 53 are passed
to the Curve & Paraneters Decision Block 54 for deciding whether the

hi st ogram bel ongs to one of the 25 "histogram distorted” pictures which
can be corrected or enhanced using one of the four predeterm ned types of
mappi ng curves. The Curve & Paraneters Decisions Block 54 al so determ nes
the strength or the steepness of each of the chosen type of mapping curve.
Figure 7 is a diagram showi ng the al gorithmused for processing a picture
hi stogram and 30 for selecting a suitable mapping curve based on the
picture histogram The algorithm reflectgsthe processing perfornmed by the
Mappi ng Functions Deci sion Process 58. Step 70 -15- in Figure 7 corresponds
to the processing perfornmed by the Tenporal Filtering Block 52 and step 71

corresponds t; r i r | VS 53.
e Shoun i 3f Eigtfe PERRERGLIT, BV GB0diBle BUrlitd ty SO OF BN TkEhg PSR 0
to the Curve andstep7awetrespendsec itsi proceBling gerfotmed by thedistograsm Apalysis Block 53.
consecutive bin,values, His umN(:),, 5, the,l arges tal i e
consecutive SHrEOWBM é@%%&f‘ﬁg‘@@émfiﬁfp&m 20 W&Pﬁfsggﬁog hﬂ%&‘%land
wher e the nmag Patangters DeiitnSBlotEMNa Bd oF s for A cofseepitiveyin WileesCHE sV SuBN(),

Par anmet ers_ Deci si on Bl ock 54 deci des whether to all ow%ﬁ changﬁ‘j W] ttt](-:}\itype
of mappi ng cifeyirgsss faliscench Plelp ARRCHlYe SUms SPfFespPRAng Lo &y valPe §f Mo

det ernines apy, Hhangesd e bhilPwRAE AR AGm SR siinMdur, Ha@epbsifBPi ng curve.

General ly, even a one-step change of gain of the sane Curve could result in
a noticeable change in the stream of enhanced pictures when the scene is

very sl ow ang, spo n i IS, i
transition fgéﬁgeagé’{(}h?ouﬁe%%% %teésslgé@n%&léﬁgfégﬁgé mg\egé‘ﬂg%% t@?‘ @%? \%{Mg?ange
or gain due tmotheheypehsfemappitg ratveobeing lusedad Lembhrcy the canrrentapture, al also

not i ceabl<§ dg?e tqQ the sga%gth transition jin tFe ssme scene. The difference
(denot ed 8s SgRingsny GRANGESSIO SR RARMYSRN SRRIDRS 1on §aCR PAPRIE R previ ous fiel d
pi cture (denoted as curr histobin() and prev_histobinO respectively) is

first calculated 20 according to the pseudo-code shown jn ‘hi sti ng,G nd
nor mal i sed (‘densaallyg even arasten ehangs ehesn of thengmeurys qayldsegsilhm ¢, 894REaRIGN ch

correspond t g, b AT @0 YGedd off AndRSd HRbureY EhETheMi&e is very slow and smooth. An
example is when there is a smooth panning or transition from dark to bright in a same
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




Fori =Gt olS{ 25 d'+= ABS(curr histobin(i) - prev_histobin(i)) ) NormD =
(d ff * WEIGHT M-LY + numjixels _per_ win) / (2 * num pi xel syer w n)

Listing 6 30 where nunji Yelsjer_wi n represents the nunber of pixels in each
wi ndow. Note that in Listing 6 the difference, df: represents the actual

di fference between the current and - 16 previous non-filtered field picture
hi stogram rather than the difference between the current and previous
filtered field picture histogramas was conputed for the weighting in the
pi cture histogram by the Tenporal Filtering Block 52 (see Listing 1). 5 To
m ni mse any noticeable change in a slow ggene transition due to

I nperfections or insufficiency of the mapping curves, a change of the
range (or gain) or of the type of napping curve used is not allowed during
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' the value of WEIGHT MAX) indicates a large difference between the current picture and
previous pictures (i.e. the scene transition is not smooth). Similarly, a2 low value of
Norm_Diff (i.e. much lower than the value of WEIGHT MAX) indicates only small
15 differences between the current picture and previously processed pictﬁres (i.e. the scene
transition is smooth). Therefore, the threshold value is preferably set at WEIGHT MAX/A.
When the Scene Change Detector 57 detects a change in scene in the current field picture,
the Scene Change Flag is set the boolean value of "TRUE". Where no scene change has
been detected, the Scene Change Flag is set the boolean value of "FALSE". Thus the logic
20 instep 72 to deciding whether to allow a change in the type of mapping curve being used

is expressed as the pseudo-code provided in Listing 7:

If (No-scene-change &d& (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.




| f (No-scene-change & & (Norm Di ff < WEIGHT MA J4)) THEN -> No switch of
type of curve,
deci sion on whether the field picture histogramis lowin contrast is nmade
Generally, a lowcontrast picture will have a narrow shaped

in step 73.

no change in paraneter settings are allowed 25 Listing 7 A

hi stogram Based on this assunption, the algorithmfirst deci des whether
the histogramis lowin contrast. Figure 8 30 shows a typical

narrow shaped hi stogram -17- In the current exanple described above which
uses a 16-band histogram the histogramis said to be in |lowcontrast if
any one of the nine sunms cal culated for Hijgt sunv(i) exceeds the
contrast-sensitivity threshold value. In general terns, a histogramis in
| ow- cont r ast
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enhancement curves is to be used.

In step 74, if the narrowly concentrated histogram is located at the middle region of the
horizontal axis (i.e. it is not near the extreme dark and extreme bright area of the
histogram), the GS curve is chosen to spread the histogram in an attempt to improve the
contrast level of the picture. In the current example, the GS curve is chosen if the
max7_position (range from 0 to 9) is between the values 2 to 4 inclusive. Figure 9 shows a

typical histogram example of a sequence for which the GS curve will be chosen at step 75.

If the GS curve is suitable for correcting the histogram, the GS curve is selected and
associated parameters for the GS curve is calculated in step 75. With reference to Figure
1, one of the parameter settings (defined as the range setting) is the steepness of the slope
of the middle segment 11 of the GS mapping curve. A steeper slope will stretch the
histogram wider apart to increése the contrast. Therefore the range setting depends on the
"narrowness” or concentration of the histogram. In the current example, this can be
decided by looking at the values of the Hist sum2(i), Hist sum3(i) and Hist_sumd(i)
measured by the Histogram Analysis Block 53. Note that one or more of the nine sums for
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




1, one of the paraneter settings (defined as the range setting) is the

st eepness of the slope 25 of the mddle segnent 11 of the GS mappi ng curve.
A steeper slope will stretch the histogramw der apart to increase the
contrast. Therefore the range setting depends on the "narrowness" or
concentration of the histogram In the current exanple, this can be

deci ded by | ooking at the values of the H st sun2(i), H st sunB(i) and Hi st
sumd(i) measured by the Hi stogram Analysis Block 53. Note that one or nore
of the nine suns for 30 Hist sun/(i) has exceeded the contrast-sensitivity
threshold level. An exanple of a very |oygcontrast picture (having a
narrow y concentrated histogran) such as that shown in -18- Figure 8, is
when max2 sum > 0 (i.e. any one of the H st sum2(i) exceeds sun2 thres). A
st eeper m ddle-se nt . slops of 1 CUr.v t » T - gver
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hi st ogr am3l e(&s{_§vgrightpssd iy the #lzoritm jy the Bistegsam Amalyspdleck 33t em 61 i n
Figure 6). For 10 exanple, the three extrene left bins (found by Hi st
sunB8(0)) and the three extrene right bins (found by H st sun8(13)) can be
used to det eAnbther G$ eurse paametss saifing tode|desidedsie ghednft-segrnens 40 and Fehi-segrant

segnent sl op 2 respect..vely. -For a.low,val A '
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slope 10.is nore hgrizontal. 1 nver sely, hi al ue, of Hi st sunB(0)

woul d yi éPd %@P&H@ﬂﬁ%ﬁ%@giﬁ?ﬁ% f%b%d e Y St of et et ke b
Hi st _sunB( 13jins Wi by At G248 35 BABE LscdUd Abdeiniine thedibephiéss ofthedleR-ségindnhe
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would be set. Less steep means that the left-segment slope 10 is more horizontal.
15 Conversely, a high value of Hist_sum3(0) would yield a steeper lefi-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 If according 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,




In step 76, if the narrowy shaped histogramis |ocated very close to the
dark area (i.e. near the extrene left), the W5 curve is chosen to inprove
the visibility of dark area details. In 25 the current exanple, a W5 curve
is used if the condition in Listing 8 is satisfied: if{ (max7_position < 2)
and ((H st sun2(0)*2) > nunfiizxelsper_win) } Listing 8 30 where num
jixels per_win represents the nunber of pixels in each wi ndow. For |arge
val ues of N, max7_position can be replaced by a nore general expression,
maxN position, -19- corresponding to the |largest value of Nin the current
pi cture histogram Preferably, where an.ijpgput hi stogram has B bins, the

| argest value of Nis an integer value one less than half the value of B.
For exanple, for 16 bins the maxi numvalue of N nay be 7. 5 The next
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calculated in step 77. Wth reference to Figure 3, the inflection point 31
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avg brightness) = cal cul ated by the H stogram Analysis Bl ock 53 can be used

to deci de t hdatyaras, angtaniengoplepbpuchs: histogramds shoypiie Kigue Shen a W8 curve is
chosen, the value of est avg brightness is generally quite |ow Thus, a
very |l ow val ue of est avg brightness results in a higher gain setting. A
not:too | ow ifathedV®fcumnstis auigabiy fayhdonesting the tistagram, thel Wilesurvraisnselested iang).

M ni mal in is.achieved fo i.gh val.ue of est av riQht Ness. .exanpl e
of "o ver 90 | epydrdBREReEs sy W ute b et R b PR (RS
very high vah uge ifleciédh gsiht FVEF thE M EMOS Scduts preféaiblicatithg Bedradeltaighfd. 33.
However if, accordi nt% to ste\g{ 73, the'cPl cture W&Sééﬂﬁt Jow | n&ﬁor}lééast, a
deci sion is HeRigaip sethagobhe WS que drsi op hawhigh LU o1t ¥t WS st ep
78. In step fBudt BE a@OekitURAGl&EES 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 sum+(0) and Hist_sum4(12) are
used for a 16-band histogram. If, for example, the histogram has 32 bands (or bins), then it




any heavily concentrated histogramat the far left and right areas, which
I ndi cates that the 25 sequence is over-contrast. Figure 10 is an exanpl e of
an over-contrast histogram In the current exanple, the value of Hist
sumd(0) (corresponding to the |ow brightness area) and the value of Hi st
sumd(12) (corresponding to the high brightness area) are preferably used

I n making the decision in step 78. Mdire generally, it is preferable to use
Hi st sumd(0) and Hi st sumd(P) to nmake the decision in step 78, where P is
fourth last termin a picture 30 histogram containing at |east four bins.
Preferably, Hi st_sum(0) and Hi st sunﬂ(lﬁ? are used for a 16-band
histogram If, for exanple, the histogran ﬂés 32 bands (or bins), then it
-20- would be preferable to use Hist sunB(0) and Hist sunB8(24), being the
respective suns aken t he Q&é est n nce extrenes of
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hi stogram the B&W5 curve is selected and associ ated paraneters for the

B&WS curve is calculated 15 in step 79. Wth reference to Figure 4, the
range of thegp &g %ﬁéé%f%%%‘* %n&hﬁ‘:y&ﬁ& BEQWS“%I fmme@ar dt %9%9'28‘% of the
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t he |nflect|on pornts occur nore towards the centre and a | ower range
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i ndi cates haeé B&WS curve is selected and associated parameters for the B&WS curve is calculated
15 instep 79. With reference to Figure 4, the range of the B&WS curve defines the positions
of the corfesponding 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(14) is used to determine the




| ow each of the two inflection points 41 43 should be (i.e. to
should the slopes of the left 40, centre 42 and right
44 segnents should be). 25 To determ ne the range setting in step 79, the
positions of the nost concentrated areas of brightness at the far left and
right of the histogramis first determ ned. Preferably, the maxi mum val ue
fromeither of H st sun2(0), Hi st sun2(1l), H st sunR(2) and Hi st sun®(3)
is used to determ ne the position of the maxi mum concentrated area at the
far left of the histogram and is further used to set the position of the
| eft-segment 30 inflection point 41. Simlarly, it is preferable that the
maxi mum val ue fromeither of Hi st sun2(12], H st sun2(12), H st sun(13)
and Hi st sun2(14) is used to determne the -21- position of the maxi mum
concentrated area at the far right of the histogram and is further used
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hi gh or
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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




curve is calculated in step 710. The BS curve is the default curve, chosen
when no ot her 20 curve has been chosen, and can be effectively used to nmake
the dark pixels darker to increase the contrast of pictures. Wth
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 limted to a maxi mum val ue, BS Average_ upper limt,
which is preferably set at 100. It is preferable that the value of BS
Average_upper limt is set a value with 70 to 120, inclusive. Figure 11
shows an exanple of a histogramthat a B&curve can be used to inprove the
contrast. 30 Wth reference to Figure 2, the steepness of the |eft-segnent
sl ope 20, defined as the gain setting is to be set in step 79. ‘A high gain
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45 degrees tguinganddas tOmbdin Sgem Bas R in@¥@ibhl 2 aRf(i.&BXdpeLm @iricidel withiher e
slope 20 is at an angl e of degrees to the horizontal X-axis. For_those

per cent age 1@“9‘&!10%33 B\‘Flgﬁ‘@tz and ﬁ@(@)ﬁ straighb hpcowith slops P2)pi This Wrajght lipg22 24
hi st ogram whj haﬁ @dle th?'d@%rg&eto the hbfzdntil 3204s. B§Rnt Exafigiof e gain i@

plurality of |scre e gain tting positions ar
where slope 20 is at an angle of 65 degrees to the honzontal X-axis. For those percentage

15 values of Hist_sum4((), compared to all pixels in the histogram which fall within the
B.S'ch_low and BS th_high thresholds, a plurality of discrete gain setting positions are
provided to correspond to each discrete and evenly spaced threshold intervals between the
BS_th_low and BS_th_high thresholds. For example, the number of discrete gain settings
can be any number between 15 and 50, inclusive, Where, for example, Hist_sum4(0)

20  indicates a lower percentage of dark pixels within the threshold range which falls within
the range of one of the intervals closer to the BS th low threshold, this translates into a
particular discrete low gain setting corresponding to that interval. Alternatively where, for
example, Hist sum4(0) indicates a higher percentage value of dark pixels within the
threshold range which falls within the range of one of the intervals closer to the

25 BS_th high threshold, this translates into a particular discrete high gain setting

corresponding to that interval.

Example values of BS th low and BS th_high may be 0 percent and 10 percent

respectively.
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provided to correspond to each discrete and evenly spaced threshold
intervals between the BS th |low and BS th high threshol ds. For exanpl e,

t he nunber of discrete gain settings can be any nunber between 15 and 50,
i nclusive. Were, for exanple, Hi st sum4(0) 20 indicates a | ower percentage
of dark pixels within the threshold range which falls wthin the range of
one of the intervals closer to the BS th |low threshold, this translates
into a particular discrete |low gain setting corresponding to that
interval. Alternatively where, for exanple, H st sum(0) indicates a

hi gher percentage value of dark pixels within the threshold range which
falls within the range of one of the intepyals closer to the 25 BS th_high
threshold, this translates into a particular discrete high gain setting
corresponding to that interval. Exanple values of BS th |ow and BS th high
may be O percent and 10 percent respectively. 30 -23- It is further
preferable that the | ow conplexity algorithmfor the Mapping Functions
Deci si on Pr oHeissfusher prefesshdavtha ha-ilayrcomplexiip algupitteneiot ek Mapsiaft umcgongade

to run on a I: I Q?QE'G cantroll er. or processor. \Wen, the

al gorithmi n@?’%ﬁ%‘ gr(%elg’gg% i rrplwélrfgﬁ:?%'ﬁei hg%ﬁ?ﬂl?ﬁg‘?ge,de'i“tso@ﬁ'ﬁmt}@a‘*el 13 Fipy Py, a
applied a sofitmpkr progeanmablé coamyllet Xors prodgssors Y SWBEE th falgorithm in Figure 7 is
smntchablg/sglqcta%%f.na |qg.funcgé8ps, Thi s, invention could also be
applied to diglrar <A ?&B’@E »Jt g b dlegibly, appligda saftwase @ddon | to ey axisting nt
to those skidykteshsiwithisheichdble/sMdcBOImAPRRA fihd@nf.r oM the spirit and scope of
the invention. -24- CLAIMS: 1. A nethod for enhancing the contrast of video

pictures including the steps of: 5 (i) receiving an input video signal;

(i ‘.) ext r act¥HidinderRion caIf alsb BBuSHeH b BRHL il PRursd 9nal

10 Many modifications will be apparent to those skilled in the art without departing from the

spirit and scope of the invention.




(tii) determning an active w ndow for said picture; (iv) calculating a

hi st ogram for | um nance val ues of pixels in said active w ndow of said
picture; 10 (v) determ ning characteristics of said histogram including
determ ning, for said histogram containing a nmaxi mum nunber of M bi ns,
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,24be sumof Q consecutive bins by
taking the sumof Q 15 consecutive terns, starting fromthe termn = 0 for
all terms of n except for the terns of n greater than the term (Mn); (vi)
sel ecting ongraypmeabl e mapping function froma plurality of mapping
functions based on the determ ned characteristics of said histogram and
(vii) mapping the |um nance value of each pixel in said picture in
accordance 20 with said sel %gtted mpj ng, function, 2. The nethod of claim!]
wherein after. stip (vt method fopenhagcing the geatrash of ¥idep pietures dnelpding theyteps
determ ni ng ghether said picture is part of a snboth scene sequence. 25 3.
The method of claim?2 further including after the step of step (v)(a): step
(V) (b) preventing(il he wseiving aminpit videvssigmalyppi ng f uncti on where said
picture is part of..a snoot.h scene sequence. 4., The nethod of claim1
wherein step (ii iéu)det E’F%chggaféﬁ"ﬁfei@?? %EWW&BW"?&WI\’SO sai d picture by
including only pigi#) s éeminimignRichivéhhdoafor 88d PRIk’ M part of any bl ack
bars at the boundaries of said picture. - 25 5 "The hethod of claim1l
wherein step (v) el uerlenlating ot histograne ofor Uhminange tvadueswef ginedsd inlishide netivee

bet ween the val ue of e ' ' f .said histogramand the corresponding
value in the sane said w?agéﬂgﬁiﬂe]% Ser hi stogramrelating to an earlier

5 procedded pict uwp. 6detdrneiningt ¢hachctdristibsbMsdidWhistoRiam, SnERding! detérifihinge for
the step of determ ni ns%id histogram containing a maximum number of M bins, where M is an
integer, where each said bin in said histogram are sequentially numbered, »,
according to the pattern n, n+1, n+2 and so on, where # is greater than or
equal to zero, the sum of Q consecutive bins by taking the sum of Q
15 consecutive terms, starting from the term » = ¢ for all terms of n except for
the terms of » greater than the term (M-n);
(vi)  selecting one suitable mapping function from a plurality of mapping
functions based on the determined characteristics of said histogram; and
(vii)  mapping the luminance value of each pixel in said picture in accordance

20 with said selected mapping function.

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.

25 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 scene sequence.

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




fromsaid histogram whether said picture is lowin contrast, and if said
picture is determned to be lowin contrast, determ ning whether a Gey
Stretch mapping function is 10 suitable for correcting said contrast, and
where said picture is not lowin contrast, determ ning whether said
picture is over contrast. 7. The nmethod of claim®6 wherein, if said Gey
Stretch mapping function is suitable for correcting said contrast, then a
Gey Stretch mapping function is selected-znd 15 associ ated paraneters for
said G ey Stretch mappi ng function are determ ned and applied to said G ey
Stretch mappi ng function, and wherein if said Gey Stretch mapping function
I's not suitable, determning whether a White Stretch mappi ng function is
suitable for <correcting said contrast. 20 8. The nethod of claim®6

Whe(r]I ein, if sai dh_’v.\hi te;i/‘\hﬁé meetiedd wamginngwﬂaunﬁt ?tepl (ir)sinciadéstmbjlstfpfoj‘g:aholgtimgthmg
sai d contrast,, n_a Ite Stretch mappin nctjon, is_selected an

associ at ed ng'ﬁh‘é"ﬁeﬁi’é erence shatweem ithe VSﬁ’Fe?fgﬁ ﬁﬁ‘idngmf gf said, fistpggam and the
determ ned agged i :S A b L& 4Shime | t dafi 21 N
T oard Wi ¢ SRR vald Bl st id binChe iy RIRY MyCuies gPiing Wan el
mappi ng fluncpioogssédspistirect ed and associ ated 25 paraneters for said Bl ack

Stretch mapping function are determ ned and applied to said Black Stretch
mappi ng function. 9. The nmethod of claim6 wherein if said histogramis

over contrast, a @l ackTh@pfkihdal éfclaind ¢twherdlRRRp /Y 1HRRIde® el sters 6F a&temnmgcki

associ ated mapping paranmeters are 30 determined and applied to said Blac
and Wi te Stiremcspidrpigpgrgny, uwhethernsaidmictureciseilowiin ectitst) andkifasaid \nigters is

Stretch mappj f. tion is. not. suitable.a Black reteh, Heppi ng »26- .
Funct ion 1 At Rt R0l o d8hrgt dctminin avhelies o iy Feiiel Ratgifl, fon is
mappl ng funcdvitableafor cotfeictingisakll comeasgP@ld hete saidi eicﬁirélcik 1§t 1 IOWC Iin 1EBiMBASE0
function. 10, The method of claim1l wherein step (v) includes the step of
tenporal |y dsterminipg whether said pictere s ovesepntEast.d bin of said hi stogram 11.
The nethod of claiml wherein step (v) includes the step of determ ning the
maxi mum sum for each said cal cul ated sum of Q consecutive bins.

7. The method of claim 6 wherein, if said Grey Stretch mapping function is

suitable 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 8. The method of claim 6 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.

9. The method of claim 6 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



10 12. The nethod of claiml | wherein step (v) includes the step of

det er m ni ng

the correspondi ng bin position for said nmaxi num sum of each

sai d cal cul ated sumof Q consecutive bins. 13. The nethod of claim 12
wherein said value of Qranges between 2 and 15 ((M2) -1).

10

15

-26 -

function is selected and associated parameters for said Black Stretch mapping function are
determined and applied to said Black Stretch mapping function.

10.  The method of claim 1 wherein step (v) includes the step of temporally

filtering the value of each said bin of said histogram.

11.  The method of claim 1 wherein step (v) includes the step of determining the

maximum sum for each said calculated sum of Q consecutive bins.

12, The method of claim 11 wherein step (v) includes the step of determining
the corresponding bin position for said maximum sum of each said calculated sum of Q

consecutive bins.

13.  The method of claim 12 wherein said value of Q ranges between 2 and
((M/I2)-1).



