;e3ei f:fL6TFO -1 Method and apparatus for conpensating for chrom nance
saturation The present invention r t hod and apparatus for use

“in video processing systens to conglmwmﬂmlmwmmﬁl our saturation,
particularly after 5 Ium nance processigg has been perforned. Background to

the Invention The human eye is able to |nterpret very many different

col ours. Col our nmay be considered to be t-he conbi ned effect of three

di stinct conmponents or 10 properties of light: hue) saturation and

bri ghtness. Hue is the nane of the colour, and places the colour in its
correct positiMathod aritbappaatus fegcempensating fonch®aminancessatiusatidte degr ee
of intensity, or strength, of a colour. Brightness describes differences in

the intensity of light reflected from or, transmtted by, a col our image.
15 I'n col our tnnbeyne‘semm)eﬁtu@ﬁr&elavesﬂﬁoasrr@ﬂedosaﬁﬂeammamgef@t%ebm viaeee
conmponents: Y (lum nance), and two chrom nance conponents (Cb, Cr). The
signal is t huProcessindesystemsstoycampensale fmwdawCéa%awhemmeuﬂprlt@ﬂ% ns

t he bright ges nce conponents (Ch, Cr) contain
20 the col gur i;Llujrd?'or rrgﬁl}d(’)éné@s?ﬁq%&%nc ysS em is defined in CCl R601, which
relates to a worldw de digital video standard In an 8-bit digital system

Y has a nor mal nge gf 0 235, and Cb and O have a range of 16 to 240,
with 128 equaﬁaﬁg@—és%hw@@" col our space is represented graphl cally
in Figure 1. Tipe H{ﬁ\hé’f?éyé’fs éble@lrﬁén‘i)ré?v rént Botglirs. @Jl&frfrﬁ

descri bed above i.e. the range of Y is 29 and the range of andCr
is -112 to 1120n$ldet€h"e teobeuthes sambingd |effet¢§t¢fattfer§e ﬂﬁémhhéiomqf@pt%ﬁnt ed

O, oo OATAL S GEEE, b e e RO e

provides a negsloue, hod placenithes ablountin dis corredt—position h_the stedtmagnetit t he
Prior Art In prior art_video processing systens, many quality enhancerrents

are applied tépﬁ'ﬁ*éumurﬁﬁﬁ??é'@%@nﬁl%é’ﬁﬂreq_loﬁéa‘e“éﬁﬂ ﬁbrﬁlﬂeﬂﬁ%ronﬂpﬁPﬁﬁr
functions ar e shgpldead 4sdriBBs diffelelBRO R e ShitRSHy o Iighelrhddted TRIAY 6!

| um nance val ue~an an inproved picture. ve , this process |eads
to a percept uanansrmﬂfg:bbyraccbieun/mmd col our saturati on. This can result in
i mages vvhilsh are not optimal. Prior art conpensation systens operate by
adjusting the gain of the chrom nance signals to offset the change in

col our sat ur afih 0OBeloPetlidvigiors ObysteBS W&o t Signalkanee répreaeMeunbthee

| um nance signal to derive a 10 correspondi ng change in the gain_to_th
chrom nance sﬂ@f’rmogents@{g@ur@mricey ql’\‘i’ptiv‘&/@if@ﬁ‘tmwel GareR@Nests %@h pf)néréﬁ
processi ng of a

out put col our ° ll,llléja d}’ %?%g%g&%gr ec?ﬁ rﬁﬂ&bﬁ&%@oﬁgﬁpg@{: tgi&gewed
i mage. Incr ea:*.lnmgrlglhteei‘é|dfunnmatmmandltlgmahromﬂunaecer etsmpbsemta (deéc)remﬁmd

col our satyr élon render i V|ewed col ours sonmewhat pastel in appearance.
Decr easi né he GatoH, @’"@q alone results in increased col our
saturation rendering vi ewed coI ours nore unnaturally vivid, which in sonme
cases can appear over-saturated and unconfortable to watch. 20 The problem
with adjustind her%é@bcrqgwtews&eflp%@é@&'ﬁ@oi h\@hlpb relatascte %Wﬁﬂéw&ﬁ dlaﬁdne
means that a GResaAlakCl) afie6EARIBIsAelS G 8NAARBFRarkledBPlb1d S35
general ly reqU|red n order o CO our sa |on changes. 25

Fi gure 2 showand Qb and GrrHaved rangeroft16 totEOpmtmemen‘uaﬂimgthSI ng the
| um nance conponent. The input |um nance signal Yin is received by a
| um nance 28r ocessor 101, which out puts a processed | um nance signal Yout.

Yin and Your arp %B@r kBfbur @.ché‘lsgr%gPea%‘ﬁlfg g%ayh.claﬂﬁ inPidiffe dSrREVaNRS o€

anmount of gain 30 applied to Yin he 1 hput "chrom nance signals

Cbin and COr; aGddr anddinare show Wltmwtéhg offsetsadrscribad aboypde: theeranger
e d Spout aneisS 38 10raf Y fifigl s U8 ¢ i€ 210815 31200 LAl Spddsal 1t

does not account huhan ons 0 erent hues reat's all
hues equal | y. as illustrated, the hue is represented by the phase angle with respect to the
30 Cb axis. The magnitude of the chrominance components vector, in

combination with the luminance Y, provides a measure for colour saturation

L9 1oy*

MR



-3 The present invention ains to provide a nethod and apparatus which
addresses and aneliorates the probl enms described above. 5 Summa of the
"Invention According to the present invention, there is provided a method of
col our saturation conpensation in a video signal, including the steps of:
processing a | um nance signal conponent of.2the video signal; determning
whet her the processing of the | um nance signal results in a change in
chrom nance 10 saturation; if the step of determ ning reveals that the

chroni nance sat DeatiiptionioftheRedondd, appl yi ng a chroni nance conpensati on

Saturati on, wholbbIaT 0es B%apSb By, el el sihafcaigaere ABMGAE | he

steps of: gener & it Imnmanwm&tpbﬁéntSIWr anai gdn- Iuseaierpeppliagtfunaudmea@nd
| um nance 15 ratio, nm nance S [ nance si glra

al ./ t lu
b ot aeaey o Rl LR kew i BRcS BB P e Bn aREravER L BaRS Y
tan'' (Cr; ~/ Cp, boZQn Wﬁ&b@e@buc’mr@nﬂo@ava ﬁfl@{ﬁdlﬁsé»wﬁéfs tehy Béﬂcéﬁt@ﬁ?cﬁdr%@m S.

Preferably, the hue may ﬁgprom mat ed | owi ng steps;: dividi ng
t he absol ute valfUéhQ)ﬁ”G(Wﬁ;d SARUr satusatiary. . Th'%r?@”dﬁs’-”tldv imeges awvbish ae ot ~

and Ch, ~; 25 de [ ?gﬁp
present sanple Pgﬁﬂagsﬁ {/agtr oce@éﬁ%&@?ﬁﬂébl tgeg#lé%&,sa%’]s@g%t e d| ?’erence
bet ween t he absohmnaMaJessgrtals @b offagt Ghe tharigel my adieurr eaturatont Spscdifie such

L b5 e shOBeh . thd 4aRBa ™, Balel dnb Bl SESribYgear a

smal ler of the & e val ue arger of the
absol ute vallae obrrékpamdlr@chadgenmthe g&etaﬁmdhromihahd:msighalissi on i s processed
such that the result of the division process is augnented such that -4 it

lies in the correct region according to the sign of Cb) the sign of Cr and

the sign of ~ Cimage qudity -impréVerhéitalbly linédre of ORBENAGAT Phoddseingl of Sthe
derived from hue |nformat|on) said hue 5 information formng an input to a

wei ghti ng fact ofureinABER ﬁgﬂélﬁeﬁ%t%%ﬁoma@lﬁ ehangglinthe outribeiaun saiumRHeR or
for a particul agye, dll‘égﬂf é/iféc@‘tthé‘g I‘gyFnCHf Bl %w’EH linBhk e9n&rsatiRg the

| um nance ratio to yiel he corrpens _ si gnal .
15 luminance signal alone results in a decreased colour saturation rendering

viewed colours somewhat pastel in appearance. Decreasing the luminance
signal alone results in increased colour saturation rendering viewed colours
more unnaturally vivid, which in some cases can appear over-saturated and
uncomfortable to watch.

20
The problem with adjusting image quality by processing the luminance
component alone means that a degree of post processing of the chrominance
signals is generally required in order to compensate for colour saturation
changes.

25

Figure 2 shows a prior art solution to the problem of processing the luminance
component. The input luminance signal Y, is received by a luminance
processor 101, which outputs a processed luminance signal Yout. Yin and You
are also fed into a gain generator 102 which determines the amount of gain
30 applied to Y,, and adjusts the input chrominance signals Cbiy and Cris
accordingly, in multipliers 103 and 104, respectively, to yield Cboyt and Croyt.

A problem with such a compensation system is that it does not account for
human perceptions of different hues, and treats all hues equally.



Preferably, said conpensation signal is constrained so a not to exceed a 10
maxi mum al | owabl e gain. Preferably, said weighting factor cal cul ation

" process includes calculating a weighting factor described a |inear

approximation to a non-linear function. 15 Preferably, the linear

approxi mati on takes the formof a pIuraILby of line segnents defining a

rel ati onship between hue and weighting factor. Preferably, the plurality of

|l ine segnments includes six discrete |line segnents having relating hue to

wei ght according to the table of Figure 14. 20 Preferably, the weighting

factor may be nodified by an anobunt determ ned by a user-defined quantity.

According to aTdecerffentjevantion aims 0 drevide; avegthash angdhapeamtuspmhighded 25

apparatus to pegyhRisabd BRd %ﬁwe&t@meaﬁé smato%écﬁﬁe%tw&% of the first aspect

of the present i1nvention. Enbodinents o e present invention apply a
conpensation gain to nodify the chrom nance conponents, Cb and Cr, based on

a particul ak hlﬁ’mrﬁg?mﬁéjm' Hﬁ@ are able to conpensate col our saturati on
on both over s = urated cases. -5 1n a preferred

enbodi nent thé\cbumeﬁrtgasbcedhecprpwﬂaihi/ermogaitmerei igrp:‘ovﬂedodotraéﬂled dfy colour

mul tiplying the {atLo of the

h b d
wei ghting fact &P %?%C%P?r@é9a'é u?.d si%‘paf Llfjfﬂ]'ég ﬂ‘ﬁéeﬂ%@ l?g%c@%g\/@?a;ﬁtl ng

factor is indi ¢ahindAcelsigrize obmp@hbﬁmhrtmb bﬁie\oeggnalh@etétmnﬂn@fwwémtgmé 5
saturation and the hue of the correspaonding sanple. Brief Description of

the Drawi ngs F&FO%sHiBgt 8f thmdemianka signas rqugs i e3 effianggy Bn chigninaree o
under st and ) oW shRRatfHID tﬁg)@.t&? opﬂét%%hdd‘rte@eﬁlgftﬁéttthetcm"r‘omméﬁeé 'sberé“ﬁdH now

be described by way 10 of exanple onr% reference to the appended
drawi ngs in whih@s: qhaggeda 1ap@htm; a mre@émeat p@np@msahgnoslmlom Hsace;

Figure 2 shows e S ation;

SF qure 3 snoQtnaRed P i0 Uolnichad thaTEAGRE rh Bhiiiares CATRARECC' §

shows a graph mhereinrspid isteproh applyingaé iooapensatiart signal incluideatheesteps wdfs; 20
generating a compensation signal which is dependent on hue and luminance

15  ratio (output luminance signal / input luminance signal).
Preferably, said hue is determined according to the relationship:

Hue = tan™'(Crin/Cbyn)
20
where Cr,, and Cb,, are the input chrominance signals.

Preferably, the hue may be approximated by the following steps: dividing the
absolute value of the smaller of Cri, and Cb,, by the larger of Cr,, and Cby;

25 determining in which of eight 45° regions of CbCr space a present sample
resides by processing sign bits of Cb, Cr and the difference between the
absolute values of Cb and Cr; limiting the resultant value such that it lies in the
range O to 360 as a valid hue.

30 Preferably, the smaller of the absolute value of Cb or Cr is divided by the
larger of the absolute value of Cb or Cr, wherein the result of the division is
processed such that the result of the division process is augmented such that



Figure 5 shows a graph plotting the relationship between ratios of changed
saturations and hue; Figure 6 shows a plot of a hue-based wei ghting
"function; 25 Figure 7 shows a functional block diagramof the present
invention; Figure 8 shows the relationship between chrom nance conponents
and hue; 30 Figure 9 shows eight defined regions in CbCr space; Figure 10
shows a table detailing the eight regi ons*of Figure 9 together with their
sign val ues and hue cal cul ati ons; -6 Figure 11 shows a bl ock di agram of

of the. i nt or nd 1P e ¢Birefhr3fn Sisp el oy ob B o1 G, O & o1 Bff e 3

shows the |inesgn @ppcwki|oriion of the weighting function as six individual
| ine segnents; and Figure 14 shows a table listing the gradients and
of fsets for the six lines of 10 Figure 13. Description of the preferred

erbodi ment Fi gstbferabip M8LomdiRASHAH sigHAIY e fréi HERARIHBMIN, Qhid At
pr esent | nventi on. 1S e Inent utillses the chrom nance an nodi i ed
| umi nance 55 dhfgrmation foreningaac dnpiido chweighting dactencalcualatiom protess iwhich

| um nance sig ol j V. |_um t . .
circut or proRsulateh 3 UARRNERCRY (bOF csHRRATiE. RARAAhy BRI UEY
enhancenent t anditiplipdesy thBuarninaace ratipute yielththe corhpelesation signal. | um nance
mappi ng function to enhance the | um nance signal. The skilled man will be
aware of such techniques. The 20 nodified | um nance signal, Yout, is the

out put from ciprefdrablp! s&itiossSerdafion @ﬁm s ToAstrAINEd @YSa ot Qb Mdcesdtair ati on
conpensation circuit or process 202, ich receives as inputs Yin and Your

as wel | asl0 hen@¥mgm allawable gint signals Crin and Chin~. 2S

Preferably, said weighting factor calculation process includes calculating a
weighting factor described a linear approximation to a non-linear function.

15 Preferably, the linear approximation takes the form of a plurality of line
segments defining a relationship between hue and weighting factor.

Preferably, the plurality of line segments includes six discrete line segments
having relating hue to weight according to the table of Figure 14.

20
Preferably, the weighting factor may be modified by an amount determined by

a user-defined quantity.

According to a second aspect of the present invention, there is provided
25 apparatus to perform the method and associated features of the first aspect of

the present invention.

Embodiments of the present invention apply a compensation gain to modify
the chrominance components, Cb and Cr, based on a particular hue.

30 Embodiments are able to compensate colour saturation on both over-
saturated and de-saturated cases.



The col our saturation conpensation circuit or process nmay be arranged as a
hardware circuit in customor general circuitry, or may be arranged to
"operate a software process on a suitably programmed or confi gured
processor, such as a DSP. 30 Circuit or process 202 operates on its 4 input
signals to create two output signals Cbo and Crout which are col our
saturati on conpensated chrom nance signal's. The output chromni nance signals
are essentially generated by -7 multiplying the input chrom nance signals

with a hue-basgdaCerapsistidntibdiRbit, thEehEbhsed 'c@ﬁp@ﬁséMHnC@alrﬁ siariis bed
here. At an overview | evel, the present invention ma descri bed by the

fol lowing 5 ehiaineddy nuwtinlying tiessatie ﬁt*@outpphynwylmmenwﬁh arhue- (2)

cquaton: | Ccal Sy G g et Vs enqilo i e, i CFR BaERgSeu B (he

hue- based wei gieighting tactasris irtdi\@tiderqu ratatlooShmkbe@weem the egioraflchabged

descri bed. r t 1 - ts perfornmed on the

| um nance sﬁnsaat?r%ﬁﬁrl'egpgghﬁ W%éﬂggﬁgﬂgg%oz{aﬂ'@ﬁaﬁﬁﬁgcan be accept abl e,
over-saturated or de 20 saturated. Enbodi nents of the present invention
seek to addresg tﬂe pr.obl eﬁ czused by over-saturation and de-saturation.

In the case of h W ensation gain is limted in the range
of 25 1.0 < CGedra setfémﬁaefstaw%eoﬂvhéﬁ?ééént mveittonend tLiRdelStaN@hRoR the

conpensation gain. In the case over-saturation, the compensation gain is
limted in thesammgayde ypughf intoctigeh the invention wyll F‘ﬁWd?%I@SQ”Be@ aX&aydvant age

of (PeT CePt iPnaks AuipRS RGSAM) Forsithofp FRldipBhieNaRRhds FRAES Lo different

hues, a hue- based actor, erlve to i nprove
conpensation gain accordlng to the hue of a given sanple. Different colours

have di f1er enipgald Pshks 5 PEEESMERITEAYERS: G soaed!

Figure 2 shows a prior art approach to chrominance saturation compensation;

15
Figure 3 shows an overview of an embodiment of the invention;
Figure 4 shows a graph plotting chrominance saturations at two luminance
values;

20
Figure 5 shows a graph plotting the relationship between ratios of changed
saturations and hue;
Figure 6 shows a plot of a hue-based weighting function;

25

Figure 7 shows a functional block diagram of the present invention;

Figure 8 shows the relationship between chrominance components and hue;

30 Figure 9 shows eight defined regions in CbCr space;

Figure 10 shows a table detailing the eight regions of Figure 9 together with
their sign values and hue calculations;



5 lum nance changes. In this context, the ratio of changed saturation is
defined as the ratio of colour saturation after |uninance processing to

" col our saturation before |unminance processing. Figures 4 and 5 are intended
toillustrate the relationship between the ratios of 10 changed saturation
and hue in a particular exanple. Figure 4 shows Hue as a value (0-360) on
the x-axis) and saturation on the y-axis™The graphs show two |ines
representing different saturation values for a given hue, for different

| um I : i I ' . h
the solid |1 nd VP HoRE € otk ARgriflof SR orf sfpfle b hRRe i e

val ue, 15 different hues have different saturations. Wen the | um nance

val ue of a col@ur increases, its.saturgtion. decreases can.be inferred
by the dashed THWE 1 Hca Bl Hadtendithd el e of ind Mltizgel of shows
a curve plottifigureatt;o of saturations on the y-axis against Hue 20 on the
Xx-axis. This curve illustrates that when the |lum nance is changed, its
saturationwill be changed) but that the ratio of changed saturation is
dependent on thgumean s ishighar thBUiheal Apptdderhatisie of itte W@i?\ﬂ%aﬂmbﬁbn b&six ati o
of changed saturation of 'red" (hue = 100) is larger than the ratio of
changed sat ur didigidugklineygggmsnts;@ide = 177). For this reason, different
conpensation 25 gains are required for different hues. Enbodi nents of the
present invention provide a hue-based wei ghting function, weight(hue),

whi ch rel at es FEgwer 14 shows ahiable bistingctbergragiontsi ang aff$eis fomthef six lioes ofhe
function iﬁ) defg.bvrgq%romthe curve of the relationship 30 between the ratio
of changed sat'UPRE 61 and hue, as is shown in Figure 5. Figure 6 shows an
exanpl e of the function curve using certain experinental values. The final
wei ghting factQr cap be_adjusted by a user-defined _g_paraneter Wa&in.
The adj ust ed weFEHPHAMY O IERICIeTed by the foll owi ng equation:

Vi ght (hue) = Pigaen 3* showei ghgdriens)) ovdvitly (of) a® érhBediment dfowfe rékingi | ed
vi ew of an enbodi nent_of the invention. It's main feature | s an enhanced
det ai | ed vi ew iBYentigs. dBismbadimgptitilisas dmpesinanse doprdisigd lgmirgngire 3,
which is s A 1y iGATaPEi | t | .

recei ves tir}(r)\é\ghl néé%%&%ﬁﬂgmﬁ‘gggﬁé @?’rg%n’c%%ggl.ﬂstb n. gllﬁﬁgel%@;naaﬁ gg%{gﬁu? |eYe'"out put
si gnal s: Yo-~t ,is Giainedantherlaminante eohtiast eaharcemerd eysuihgr process 20t ardl by

circuit or progess._ 20 .Cl reul titl ‘L O N ravi.ded

whi ch recei ves'%gé'ﬁ?ﬁp%ﬁcs?%é tgnhﬁiﬁ@ lp%lrfa'%crat gﬁ%@%ﬁ%ﬁl lggei?)'hgleé\;l §éa§j{o"t bY

Yin to yield lteahmquedhimaly indudid@singra umminance mapping function to enhance the
luminance signal. The skilled man will be aware of such techniques. The

20 modified luminance signal, Yoy, is the output from circuit or process 201.

Figure 3 also shows a colour saturation compensation circuit or process 202,
which receives as inputs Y, and Yo as well as the chrominance input signals

Crin and Cbyy.

25
The colour saturation compensation circuit or process may be arranged as a
hardware circuit in custom or general circuitry, or may be arranged to operate
a software process on a suitably programmed or configured processor, such
as a DSP.

30

Circuit or process 202 operates on its 4 input signals to create two output
signals Cboy and Cr,y Which are colour saturation compensated chrominance
signals. The output chrominance signals are essentially generated by



ratio. This ratio, LGin is conpared in conparator 302 with "1'. If LGin
is larger than '1' then the |um nance has increased, and col our saturation
"has consequentially decreased. If LGain is less than '1' then the |uninance
has decreased, and over saturation detector 310 is used to determ ne

whet her the 20 colour is over-saturated of not. An OR gate 308 is provided
which is operable to select an input of Multiplexes 309. OR gate 308 is
arranged to output a ' 1' in the event that LGain is > 1 and the colour is
de-sat urat ed " My : ot u [ ' e I 5

ei t her of thegréu@élghﬁg%t L@ulfr?étrf?ﬂ@ﬁﬁ%erens' a%%e@f‘gn%ug%v#?fj ér;c;en‘?wnrsgﬂo@
conpensati on. gir the dpavatiini af whichgisales@dsednhers. applied to a first input of
the nultiplexes 309, and ' 1' is applied to the other input. If the output
of OR gate 308 is 1, then 30 the CGain input of the nultiplexes 309 is

sel ected. Thi sath@solertiedl @St tHef praséntinvigtibh endyCeé desdribedl byt therfolldwing i er s
311, 312 which each act on the input chrom nance signals to produce the
out put chroni ref@08%:gnal s. -10 If the output of OR gate 308 is '0', then
the " 1' input to multiplexer 309 is selected, applying '1' to the

mul tipliers 311, 312, with the net effect that the output chrom nance

si gnal s are unchandetufT 6FaimeChmput signals. 5 The over-saturati off)
detector 310 is op bL ; ct whether a particular colour sanppe is
over-saturated or ﬁ%?f ﬁ?éaﬁgqyglue of the sanple's saturation is t hen
the colour is over-saturated. O herw se, the colour is not oversaturated.

The degr ee, of | our saturation.can be cal cul at.eé‘i n RGB spac cording to
the fol | oulg GHAN SGhE cRsrRanal Sal whEnemak M durrybe epreraate by s |
Max(R, G B) (équatibere R, G and B are red green and blue signals
respectively. To convert YCbCr signals to RGB signals, the foll ow ng
equations nmay be used: 15 R=Y+l.366*Cr G=Y-0.700*Cr-0.334*Cb B=Y+1.732*Cb
(6) Since the val uec@ainMweRntfBueP? YLRY,LD) is always positive, the(
detection of over saturation cgrtll Ee carried out by detecting the si(g)n bi t
of Mn(R, G B). If it is 20 negative, then the saturation value is >1 and
the colour,ds 4 i HlinB facios Sl t FeRnhikRh&wifi ol our
i s not ovelré sa%%?@ggyf%hﬁggé bta%&ga (': '(9 e &f@a'i frg’%f %ér I\>aé‘1?|8r(31r"tt-fi cﬁlFar ! ue, it
i s necessary tshortly beidesaibedhue val ue fromthe input chromi nance
conponents. Hue cal cul ator 303 25 receives as inputs Cb,~ and Cr",. Using
Cartesian conponents, the hue is related to the chrom nance conponents as
shown in Figuris & rédultaofl tie (umidaste emhascemental perfamaed enrditicas | lamirares. The
hue is given by the phase angle of the chrom nance vector, wth respect to
the Gb oxis. oHORIcHR TERHAG IRt SRIUSDPY CHR bb SECCAIablR, CIRRAALIERGIOAR ¢ he
| um nance 2¢ asgteted. eERTbodiiRertd 60 ItRa!Irpregéntr diveation TSERkht® &hite®ie the

cal cul ated using the foll owi ng equati on: .
problems caused by over-saturation and de-saturation.

In the case of de-saturation, the compensation gain is limited in the range of :
25 1.0 < CGain < MaxGain
where MaxGain is the maximum allowable compensation gain.

In the case of over-saturation, the compensation gain is limited in the range
30 of

0<CGain< 1.0



Hue = tari' (Gl Cb) (7) -11 where tan'' is the arctan function. Equation
~(7) returns the real inverse tangent of C/Cb in the range O to 360 using
the signs of both argunments to determ ne the quadrant of the returned
value. Normally, for an inverse tangent 5 function, tan''(x), when its

i ndependent variable, x, is ranged fromQ to 1, the function can be
approximated by a linear function: tan''(X) ~ x*180/~ and is ranged fromO
to 45. Thus, the required angular information can be extracted fromthe
qguotient defi ; J/J
C J (when J (r':’r? %\E&*tg t%? ad\/anfag%bf#e%‘ﬁ?rﬁélt eer%?ées m%?lgru Fré?ﬁugég' #'racg)tr%tCr and
Cb. 10 Accor diapglies tohdlﬁaremehudﬁe amnebﬁs&drwn@btlw faptor, ¥@ightthusmade can
be divided int i e sign
bi s of on) orogigd P boriRensatN dafith ARG e 1B difih Bmbie® 2 97,
defined by t hdifferent eolowrs Haver different (Etiod ()Mbang]ec[)samrataoh @hheh Xheior J Cb
J /3O I n.J Cr > 15 ~ Cb J ). FEor on (1)
s’ et i ned Shy \GHINERGE EhaResE: IhATm GOB i e nangsyl satyRlop, S yefiidh o
quotients of —asChhe ratic 6P coldiR! SAERMBA hitert h@ninéﬁ@@%r@c@ésu@g“gbeﬁolbupm 0to
45. As the chrom nance signals nove into region (2), Cr ~ and Cb

and Cr renui n%atlmeefonm@nawqeeqw@eaﬁngm J/ ~C J correspond to the
angles fromO to 45 with respect to the +C 20 axis. Simlarly, as the
chrom nance signals traverse each quadrant, the values represented by the
quoti ents cor rl%gtpread and 2atg leberudndttchdlusﬁatgéhe) relatiopshipdbeiweer tharationnf y t he

magni t udes, ,of t | J.er val ue
is al vvaysSl ivi% 88%&1 %]Jrﬁograg@?ﬁde%ﬂéﬁ%%@ O%k’dgﬁ’@%ﬂ@ﬂﬁr ‘?gﬁg‘gaﬁ%% !

regi ons, the r\mhgae((b%m)um & exxjs, taimel salm‘atlermtonvthéqeaxlstﬁhae gragphsbshaw of Cb
and Cr and~ res ective regions. In.the Sign
ol umm, -0+ P dbeRTePssentaBrarent SaturihFERER oY f aifE I tot redhy ¢
col um, Hue Jusnirangé vales. axhéldaﬁh@d mtﬁpﬂesﬁntaatlsﬁg@w Nimigaheee valuethame sign
bits and t he 30 guotl ent val ues. tgure 11 shows a schenmatic of the

internal st rudb@religfingnls candecsgen framdriowsz fialfer 8 fixed dumpipance ygle,

chrom nancg | NfdreRt B84 have aiffdriht Saturafidris. WhélﬁZ tﬁ@%@ﬁuﬁ{dn\éSWal@éWf'@d to
absol ute value circuits 801, 802 which output only the g’gnltu e of the

i nput si gnal s.colourtincreasas disatyratiomfeererses, tasgmn be iferse@ fytthe slashedict i on

subtract i on ol PR RERY g stld e iGuBHE B F ST 803 equals the
di fference between the two input signals, i.e. ~Cb ~- ~C ~ . The sign
bit of the Figure 5 shows a curve plotting ratio of saturations on the y-axis against Hue
20 on the x-axis. This curve illustrates that when the luminance is changed, its
saturation will be changed, but that the ratio of changed saturation is
dependent on the particular hue. For instance, in this example, the ratio of
changed saturation of 'red' (hue = 100) is larger than the ratio of changed
saturation of 'yellow' (hue = 177). For this reason, different compensation

25 gains are required for different hues.

Embodiments of the present invention provide a hue-based weighting
function, fweight(hue), which relates a particular hue to a corresponding
weighting factor. The function is derived from the curve of the relationship

30 between the ratio of changed saturation and hue, as is shown in Figure 5.

Figure 6 shows an example of the function curve using certain experimental
values. The final weighting factor can be adjusted by a user-defined



cal cul ation indicates which input signal to the subtractor 803 has the
‘Iargest magni tude. Switching circuit 804 receives ~ Cb ~ and ~ O ~ as
maj or inputs and a signal 10 indicative of the sign of ~Cb ~- ~C ~ as a
control input. The control input ensures that the switch is operative such
that the larger input signal is always dléected to the follow ng divider
circuit 805 as divisor, and the smaller put signal is always directed to
the divider circuit 805 as dividend. 15 Divider circuit 805 acts on its

i nput signals { ' | exer
807. The int erélﬁ?&ggéﬁsv? Fﬁéfl@%qg?l.%%q ';97"@&%@“@‘5}7* ?gé@ﬁ)‘é\%\iﬂﬁftﬁ@é?ﬂéﬁﬁ@@lz

The nul ti pl exeaqudignr ecei ves as an |nput the output of the divider 805.

This input signal is augnented in nultiple adder units to generate a series
of possible angle values which are all fed into translator 901, which is 20

in effect a furtheWaight(hpé)exWGainh¢fwaigtiifhae) +hgdts to transl ator 91 are

derived fr three digital signals representing the signs of Cb, O and ~

Co ~ - ~ . These sign bits are decoded in |ogic decoder 806 to create
the three contFiglreb7 ishows Gudétaied Qeﬁﬁd)f%?ﬁ eﬁmadmierit o tige HventioUE'S miain
transl at or 901 In effect, the circuit . of gure 12 puts the results of the

tabl e of Figur featie is,Ap enhageed d?@"?ﬂé"%@fnﬂe gPlonL P tlufﬁt@ﬁe?mBm“ﬁa@'P ed

intoalim L erp|§&820 2 ofrigiess, Wi ishPofnaitniRthetdtteaorut is limted in the
range O to 360. Referring to Figure 7, the output of the Hue cal culator 303

is next passed to a 30 Wei ght Cal cul at or 304 whi ch has as a further input

Wzl Wi ght t f t
A can be Shen it eitoRuftant 8 Fioff 7 SRehiRet fired U slgHAST baepn Sy B 7L
has 360 i ndepegatenatesattire®l estpull osigivais:d \tome (Dbgutdvmde CreypplTévei tiyminaguer ed by

' | ook b 1gs f Il 360 variables, th
o 11 near  f urlipPow e FeRoBR R By ot Tho8R 4 e Segrents. The

approxi mation i s shown i n Fl gure 13. Each line in the approxi rrati on is
defined by the, e i on. ht( e + 8 (8) where Kis the
gradi ent of tl‘fécg?‘ﬁ e'%tﬁ'GdBL‘i"Ea 1s'étpr°"‘|‘i’?é’ WE‘FB&%‘E‘%& B INPHE % 39 nes

(L1 - L6) gye ploWisiopetdifie 'Q&Eivf%ie"ﬂu ¥, Q0 Yfeld LBalds wHicH Rethé UialnaRBe S
val ue fwei ght (hue) _and user-define in, the hue based wei ght (hue) can be

cal cul ated usi@§oedbistiabn, @pin isheomperiad i nepnasator A2gwitt tdi.lrﬁala is
obtained by mibjdepliihor yash, Bl HAiRshAbPh A inortledN bl Rlour B ifiod Wk nance

gain, LGin, I plier maxi mum gal n est1 nat or
arranged to outqnsequentiaiy wecresisedWhIGainy 8 Iessl\thalem rthen ¢he |Iumman¢mhaange of

t he conpensati ain which ma b his er .of
col our change. &?Qﬁg sf?d aB?P"af %ﬁ{t"%ﬁ ‘°2§§{e¢$ﬁ?r31§ '%H’F% ﬁ’c@ég 'ﬁ egiFeE[ tf(i%fi ned
to have a 2(angeolodr i§ 6verddhturatédorlitf. bei ng equal to O. The maxi num val ue of
t he chrom nance conponents is 112. Thus,
An OR gate 308 is provided which is operable to select an input of multiplexer
309. OR gate 308 is arranged to output a '1' in the event that LGain is >1 and
the colour is de-saturated or if LGain is <1 and over-saturation is detected. In
25 either of these events, the input chrominance signals will require

compensation.

The compensation signal CGain is applied to a first input of the multiplexer
309, and '1' is applied to the other input. If the output of OR gate 308 is 1, then

30 the CGain input of the multiplexer 309 is selected. This has the effect of
applying the CGain signal to multipliers 311, 312 which each act on the input
chrominance signals to produce the output chrominance signals.



20 MaxGin can be defined by the equation: MaxGin = 112 /max(abs(Cb",),
abs(Cr,",)) (9) where max(abs(Cb",), abs(Cr",)) is the maxi num val ue of
“(abs(Cb",) and 25 abs(Cr,",), and (abs(Ch",) and abs(Cr,",) are the

absol ute values of Ch,~ and Cr,~ respectively. Enbodi ments of the present
I nvention may be realised in software using a suitable programed
processor, especially a DSP. AlternativellP: 30 enbodi nents may be realised
i n hardware using either discrete conponents or, preferably, a custom

integrated cirguit, ch an AS|C . T resent, i.nvention incl .and
Inovelg f eat ur:a Brtlh&ﬁi‘ﬁ#‘ﬁa‘?fﬁéﬁ S?tef:gﬁ (% g t ?%i'ﬂ%tskh"ﬁ/igﬂe:m%b@ﬁ@fg@%i citly
or any generalées@dté&rhfmwﬁgw 16 the pRAEIIieMe3Pf, 312, Wdth{het Mereffdict Bt thé

relates to the clained invention or mtigates any or all of the problens
addressed.  -oupwtichrominancesigaalsaie ynchasiged frosather igpuisignalsmensation in a
video signal, including the steps of: 5 processing a |um nance signal
conponent of the video signal; determ ning whether the processing of the

| um nance s gnBie peetsatgration detdriorgd10 is oherabienton deteshvhethter anpatiduliaf t he

2ol ying a onr PR Surby bR i R Valud B e bartRe S B AERE Y
2pplyi NG & Compansatlan sianal helude the ot eoe ot 1o gonerating g
Pt | on MRy nerdeion o ERlalh SRS o S SRR TRIAR AT it Ghetet put

| um nance si grgdeotdind i thelfollowingeguationnal ) . 2. A method as clainmed in claim

1 wherein said hue is determ ned according to the relationship: 20 Hue =
tan-~(Cr, 4%n, ~)

Saturation = (Max(R, G, B) - Min(R, G, B)) / Max(R, G, B) (5)

where R, G and B are red green and blue signals respectively. To convert
YCbCr signals to RGB signals, the following equations may be used:
15
R=Y+1.366*Cr
G=Y-0.700*Cr-0.334*Cb (6)
B=Y +1.732*Cb

Since the value of Max(R, G, B) in (5) is always positive, the detection of over
saturation can be carried out by detecting the sign bit of Min(R, G, B). If it is

20 negative, then the saturation value is >1 and the colour is over-saturated. If
the sign bit is positive, then the colour is not over saturated.

In order to calculate CGain for a particular hue, it is necessary to calculate a

hue value from the input chrominance components. Hue calculator 303
25 receives as inputs Cb,, and Cr,,. Using Cartesian components, the hue is

related to the chrominance components as shown in Figure 8. Cb and Cr are

shown as mutually perpendicular axes. The hue is given by the phase angle

of the chrominance vector, with respect to the Cb axis, as shown. The

magnitude of the vector in combination with the luminance is a measure of the
30 colour saturation. The hue can be calculated using the following equation:

Hue = tan™ (Cr/Cb) (7)



where Cr,~ and Cb,~ are the input chrom nance signals. 25 3. A nethod as
claimed in claim2 wherein the hue may be approxi mated by the foll ow ng
steps: dividing the absolute value of the smaller of C,~ and Ch,~ by the

| arger of Cr, and Cb,~; 30 determning in which of eight 45 regions of CbCr
space a present sanple resides by proces§i1ng sign bits of Cb, O and the

di fference between the absol ute values of 'Cb and Cr; -16 limting the
resul tant value such that it lies in the range O to 360 as a valid hue. 4.
A method as clainmed in claim3 wherein the snmaller of the absol ute val ue of
Cb or O is divided by the |l arger of the absolute value of Cb or Cr, 5
wherei n the reshare tan istibe arctas funstion. Exuatios §8detunsithereal inverse éangdent of t he

aceording 1o (eCkEBntoReangsd t b0 bdipd S 4 oF Jfh [ Shegh 8

according to the"sign o st gn of

5. A net hod detemine tresdiquadrantyof dimeretdirned @ajuecNernally, édraninversetangent he 10
conpensatign signal is _derived .from hue information, said_hue infornmation
For hing.an 3 e, I8, R R o sr Bensncenl VATAR. on R 5080 M O T AMBul o es
a wei ghting f agh&ion’ €&in Be RPbFdHARE BUS lindar finvedrdham Q) kagtMo/Panhd gs
multiplied by the lum nance ratio to’'yield the conpensation signal. 15 6. A
met hod as cl airgaged froal Qiter5°. Whies, dhen repniired @ogplen idoinmatiosi eanalve extracted

i red 1 cr TG aRehubfrriefnen By TRt TERIXraRAe 99, G (o0H! 6P oo
i ncl udes cal culmiehnCrd »wbCH hit dombihed vith tisesigh itfemnationi FRAAICT 2Adagtpr oxi mat i on

to a non-linear function. 8. A nethod as clainmed in claim?7 wherein the
| i near apptloxi mation takes the formof a plurality of |ine segnents

def i ni 19, & 1 ol AdANDIPUREHE T BUP gATaHE! AEICIAIR Phoe 2in bo difEd Nod as

claimed in claim38 wherein | 'ur a I ne segrments includes six
di screte |ine intggineegienshaf45ig Bach aediog chadetidentified iy the sigrubitgyot Gbt Ge
followi ng tab

oty adh bor i K| CELTESTE "t Fwe angle Jasearty reniom 530, be ASBRE 0% 88 0. 0028

1. 4797 quotient of |Cr|/|Cb| (when |Cr] < |Cbl), or |Cb|/|Cr| (when |Cr| >
15 |Cb|). For example, in Figure 9, region (1) is defined by Cb and Cr both
being positive with |Cb|>|Cr|. The quotients of |Cr|/|Cb| correspond to
the tangents of angles from 0 to 45°. As the chrominance signals move into
region (2), {Cb|<|Cr| and Cb and Cr remain positive. The quotients of
|col/]crl correspond to the angles from 0 to 45° with respect to the +Cr
20 axis.

Similarly, as the chrominance signals traverse each quadrant, the values
represented by the quotients correspond to angles in the range 0 to 45° to 0,
because only the magnitudes of Cb and Cr are applied to the divider and the
25 smaller value is always divided by the larger. The table of Figure 10 indicates
the regions, the range of hue angles, the quotient values, the sign bits of Cb
and Crand |Cb|-|cCr| samples in the respective regions. In the Sign column,
'0' represents positive and '1' represents negative. The final column, 'Hue',
illustrates a simple method of determining hue from the sign bits and the
30 quotient values.

Figure 11 shows a schematic of the internal structure of the hue calculator
303 shown in Figure 7. The chrominance input signals Cb,, and Cr, are



-17 L4178-235+0. 00150. 7513L5236- 280- 0. 00031. 1637L6281- 360+0. 00230. 4163 10.
A nethod as clained in any one of clains 5 to 9 wherein the weighting
"factor may be nodified by an anpunt determi ned by a user-defined quantity.
5 11. Apparatus arranged to perform any one of the preceding nethod clains.
12. Apparatus as clained in claim1l |nclud|ng a processor. 10 13.
Apparatus as claimed in claim12 wherei m2he processor is a Digital Signal
Processor (DSP) 14. Apparatus as clainmed in claim 1l including a custom
integrated circuit .15 such
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y/ 10%<& ()15 * 1DR4GRT Cireud! 8031 A48 %n<i& input3sigridld URgénerate a quatint vaku® Whieh ! ;
110%<& ()~ 1 is input to a multiplexer 807. The internal construction of multiplexer 807 is
shown in Figure 12. The multiplexer 807 receives as an input the output of the
divider 805. This input signal is augmented in multiple adder units to generate
a series of possible angle values which are all fed into translator 901, which is
20 in effect a further multiplexer. The control inputs to translator 901 are derived
from three digital signals representing the signs of Cb, Cr and |Cb|-|Cr}.
These sign bits are decoded in logic decoder 806 to create the three control
bits required to select one of the eight inputs to translator 901. In effect, the
circuit of Figure 12 puts the results of the table of Figure 10 into effect.
25
The output of multiplexer 807 is fed into a limiter 808 to ensure that the

eventual Hue output is limited in the range 0 to 360.

Referring to Figure 7, the output of the Hue calculator 303 is next passed to a
30 Weight Calculator 304 which has as a further input WGain. Weight calculator
304 implements weighting function, fweight(hue). As can be seen from Figure
6, fweight(hue) is a non-linear function which has 360 independent variables.

To avoid the hardware complexity required by using a look up table to store all
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where K is the gradient of the line and B is the offset.

The parameters of the six lines (L1 — L6) are shown in the table in Figure 14.
10  Using the function's value fweight(hue) and user-defined WGain, the hue
based weight(hue) can be calculated using equation (4).

The ideal compensation gain CGain is obtained by multiplying the adjusted

weight, weight(hue), by the luminance gain, LGain, at multiplier 306. The
15 maximum gain estimator 305 is arranged to output a maximum allowable gain,

MaxGain, to limit the range of the compensation gain which may be applied.

This avoids any danger of colour change. In an 8-bit digital system,

chrominance signals are defined to have a range of 16-240, with 128 being

equal to 0. The maximum value of the chrominance components is 112. Thus,
20 MaxGain can be defined by the equation:

MaxGain = 112 / max(abs(Cb,,), abs(Cr;)) (9)

where max(abs(Cb,;), abs(Cr,)) is the maximum value of (abs(Cb,;) and
25 abs(Crp), and (abs(Cb,,) and abs(Cr,,) are the absolute values of Cb,, and Cr,
respectively.

Embodiments of the present invention may be realised in software using a
suitable programmed processor, especialy a DSP. Alternatively,

30 embodiments may be realised in hardware using either discrete components
or, preferably, a custom integrated circuit, such as an ASIC.

The present invention includes and novel feature or combination of features
disclosed herein either explicitly or any generalisation thereof irrespective of
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5 processing a luminance signal component of the video signal;

determining whether the processing of the luminance signal results in a
change in chrominance saturation;

10 if the step of determining reveals that the chrominance saturation has
changed, applying a chrominance compensation signal to the chrominance
signals to counteract the effects of chrominance saturation, wherein said step
of applying a compensation signal include the steps of:

15 generating a compensation signal which is dependent on hue and luminance
ratio (output luminance signal / input luminance signal).

2, A method as claimed in claim 1 wherein said hue is determined
according to the relationship:

20
Hue = tan™(Crn/Cbin)
where Cr,, and Cb,, are the input chrominance signals.
25 3. A method as claimed in claim 2 wherein the hue may be approximated
by the following steps:
dividing the absolute value of the smaller of Cr,, and Cb,, by the larger of Cr,
and Cby,;
30

determining in which of eight 45° regions of CbCr space a present sample
resides by processing sign bits of Cb, Cr and the difference between the
absolute values of Cb and Cr,



10! DI s-' 1109 ()-y *s109%& ()- & @O% () -

| 9409& ()-"10

' 10S810%&' () - y610%&' () -1 @10%&' ()-310%&' ()-210%& () - eaj aabSbb5cdEYNC 10!
F109& ()- 10%& ()-3 109& ()- 109& ()- 109%& (

10! @ %' ! 109%&
gdEYNC 10! 10

gHgRg[ gbgcgf g

W ()-10%&' ()-T bacadaeadYNC 10! 10! 10 10

I f2mL0%, () - 010% () - @ 109%&
FYNC 10! 10! X5109& ()- V#3d} X5109%& ()-V x510%&' ()-V

0 )V, Al BB ek g e oo

X5100& () - V#3

10

15

20

25

4. A method as claimed in claim 3 wherein the smaller of the absolute
value of Cb or Cr is divided by the larger of the absolute value of Cb or Cr,
wherein the result of the division is processed such that the result of the
division process is augmented such that it lies in the correct region according
to the sign of Cb, the sign of Cr and the sign of lcbl-|crl.

5. A method as claimed in any one of the preceding claims wherein the
compensation signal is derived from hue information, said hue information
forming an input to a weighting factor calculation process which calculates a
weighting factor for a particular hue, said weighting factor being multiplied by
the luminance ratio to yield the compensation signal.

6. A method as claimed in claim 5 wherein said compensation signal is
constrained so as not to exceed a maximum allowable gain.

7. A method as claimed in claim 5 or 6 wherein said weighting factor
calculation process includes calculating a weighting factor described a linear
approximation to a non-linear function.

8. A method as claimed in claim 7 wherein the linear approximation takes
the form of a plurality of line segments defining a relationship between hue
and weighting factor.

9. A method as claimed in claim 8 wherein the plurality of line segments
includes six discrete line segments having relating hue to weight according to
the following table:

Line Segment | Huerange | Gradient Offset
L1 0-52 -0.0014 1.2314
L2 53-100 +0.0002 1.1525
L3 101-177 -0.0028 1.4797
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factor may be modified by an amount determined by a user-defined quantity.

5
11.  Apparatus arranged to perform any one of the preceding method
claims.
12.  Apparatus as claimed in claim 11 including a processor.

10

13. Apparatus as claimed in claim 12 wherein the processor is a Digital
Signal Processor (DSP).

14.  Apparatus as claimed in claim 11 including a custom integrated circuit
15 such as an ASIC.



