‘a video signal for driving a I|qU| spl ay The present 1 nven
relates to the display of imges on I na e I'spl ays with different

| um nance rise and decay response ti nmes®%* such as liquid crystal displays,
in particul WP %E48he display of TV pictures and/or data infoPRAEPIN0A0a

vi deo display system equipped with a liquid crystal display device. 10 The
di splay of video inmages on display devices such as.a Cathode Ray Tube (CRT)
or a Liquid Crystal Display (LCD) is ajknown art. |Inmage displays equipped
wi th such CRT or LCD displ ay devi ces ar e capabl e of d| spl ay| ng on a display
screen images consi Lonexsi : c pi xel s) whi ch

are refreshed at a 15 refresf § $&§‘g_ %%:guaigggﬁg_a%‘s Hz. These i nages nay
be nonochromatic, nulticolo standar ds are in use

', e3eJ4L6TInzFr ., WO 99/54865 0 9 Immmi‘ @""E IEP99/02050I cgngeAg[?rzmjz

“to dlsplaythelma .a_successi me The ght _of
successi ve franes p\%ﬁise lnve%ﬁ'lsoﬁl ayet t?héh %"S {]f soég‘ B °n utfRE CRT

or LCD di spPaPiassi teeh s ﬁfﬁf”é@“rtat%’ﬂuﬁfr“% 1456 H‘E}ﬁaﬁ‘eé?% r?-"TP°Pﬁ% Gimder of
di spl ayed f ragregspéiaddcernbtaf udispdpyealinedarticufipante taeedisnlay of TV
sufficientl| piddughs &@/bl | didda0AnDdrmhbeon Mages vhaion@idbEy ayetlen Req@ipped
continuous vy, sandntiRessfQLe ARpldy) Welok Of notion, can be created. The
way i mages are formed on the display screen of a CRT display 25 device is
fundarrenéally different fromthe way imges are formed on_the dlsg
screen Of a LCOUINPPHY GévYdle &psescRY %Sé’ﬂ)F‘éfeéféﬁF%esucPh%slaurﬁa of a
pi cture el efEntT4rs PERBUCE hy-ianidr & sshl aPpidsphékCPayier 3§ rkehwe displ ay
screen whenIsaded dasplayss eqbirdpd aviwhi biecly Glectr AIFDh&darpll0 daviged Chre

di spl ay deviagsbither! updglanesy odn aa pcmstpuaga stedRNtink§edl et s Bath Ly the
light transgifance §t1e£&eofe1%a@n&r BY &ildegy) dwﬂaﬁstaqle eletBiy 1 the

di spl ay §creepe%L tme dIS l.a gvi Cefst tx{] atlon of the |cture
el enent, ~ whér e rb%/1 t he "r se11 f or| I nates rom a 7 ent ght a9 i ght
source. 35 PBPORT PR ul““*‘éﬁf’b‘aﬁctciro uot~GfIVihy TIEGRS SEIEYF ng patt s of

an i mage, theelteniimnier thesporee o8¢ 4 Fecoswdodi Splfagmelovi ce i s of ut nost
i nportance. Thend UlHgh@NGE ERSpARSEsSsiarRd firAfed WHIRANGEe @5SHAASEAT bieshOf

di spl ay scr@%@a@«r ScARAWSs tRches vc%yogl téeren 143prdeGR,Te and ; LCD40.4i 5pl ay
devi ces, ma})nceY reg&or‘i se tine., bein g:Lhe L:me need e? fo reofl%h t he

correct Pum nance on screen in response to an [ mmedrate change
in a correspdhdl eﬁgc%e\‘}et}éﬁ ré‘t%hor‘tse?“%ﬁrfﬁge’éﬂfyr MR pEFi DU Y0P & CRT
di spl ay devitfe HpgegpPeHs Ph?yeprd-ﬁea coptinypug KgvG 200 WErSIP5U8ES
PCT/ EP99/ 0205Dusdoperf adsidror can topprcteBCD di spl ay device according to the
state of the arhe @ ikddasdbhspl@yméeL\WnCeBe dilz@lipbcRagt e @SPRNSASpand

| um nange respARSest FiREméNR 18 S&: fRoW: (o heckl fher elgdsohr@ Hankerst 05
bri ghter | umj,pange, 1 a0sidd 9 2$cHOMRRAEY dRQskhe responses and

On a CRT display device, the luminance of a picture element is
produced by an area of a phosphor layer in the display screen when
said area is hit by a writing electron beam.

30 On a LCD display device, the luminance of a picture element is
determined by the light transmittance state of one or more liquid
crystal elements in the display screen of the LCD display device at
the location of the picture element, whereby the light itself
originates from ambient light or a light source.

35 For a faithful reproduction of moving images or moving parts of
an image, the luminance response of the used display device is of
utmost importance.

The luminance responses and the luminance response times of
display screens are known to be very different for CRT and LCD

40 display devices. The luminance response time, being the time needed
to reach the correct luminance on the display screen in response to
an immediate change in a corresponding drive signal is shorter than
a frame period for a CRT display device but up to several frame

IR
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respanse tinmes for a simlar brighter-to-darker |um nance transition.

‘Furt hernore, the |um nance responses and | um nance response ti @e AIUEG 2002
t enper at ure dependent, drive voltage range dependent and, due to production
t ol erances, unequal over the LCD 10 screen area (|l ocation dependent).

Vari ous sol woi9#486are known for changi ng | um nance response tPEREPWRE50LCD
di spl ay devices. They however have the aimto shorten the overall |um nance
response tines, not to nmake the | um nance rise and decay tines equal. EP O
487 140 dlscloses a method for speeding,up 15 display response tines by
doubling the display franme rate. The Ium nance rise and decay tinmes remain
different. BPrO-B530865 dedcel Ue3p |dirplrancievité ckerorphenorenaer stateedit 0

| um nance respange, but this flicker is not due to the difference between

| umi nance rise pade@@ccmép&a aevﬁegg by NOW.ol; HRGE 'fél%éné’ése ae{d' b b har?d
There exist, a nury ecmg Lmages, Hnther referred to as _specifjic | | mages,

whi ch when v%d'l a display screen Wit h°8i FHEFBAET 1 GRT nanc8 Fise and
decay ti Fhas rgv%err |J§’§‘1F?f‘?ﬁ s?lfﬂnélah?i‘ n‘é%tsmﬁ"&’a‘?"‘eedar’f%f 52% s TRAPYHES di28Pl ayed
i mage, even 'gRRIRSEhe YiBAF nakes r éspotigedaar e rshghtarnse-dxBert jlyminance

char act eri sitagnéioiosai Fuspieeinbre, | Mugeslimakhnédeyreeporitisn andiunbeinsice

i sol ated or GkysisRr eginisCt sfe @einpélsa,tuwi Qiza_paﬁ@eﬂcn hhglmecoa&r@@te t Qurdglel r
sur roundi ngSebladdie LAROGeTNS %rrgsuﬁt%ﬁ e Lo bhgdhf beeenge hebneen

| um nanc§ rise an aL\é | mes, I'S typ| ca or a di spl ay devi ce.
This 30 auss§§e?’h€rleﬁn(| 5%’6"%88%95}’ %BF rise) of a white spot at a first

| ocation to be V@rifwr 8ATUTLOBM 3ife XBPYHL IELANSAPS L NE MYTARRRS S FSEPPSE Hareay) of
a white spotwiabh ECxedenthy Geai¢on, Thhgnhdwsyenhhéw spet ais tmvdrfsromhkhe
first to theveesnnduhiiGaki Ofsspbige tAak, | ANY RANGEd RLEJRAL BEhAY L sd hea

screen area duppdi gle! Xml%ﬁf 0&5 0 d&‘EH ngaags@i osEL §5mééf‘1@dn?é(:er%medﬂ—tg the
white pojsnt §.s nof gonst ant nce

= r onse . tim ?gubaf e 'Tlxm ncﬂ',gcﬁa Wgrame ra
jump' . IR prachi®e, TThe artefacstsm Ty bec Bre pIC gre |
el ements changertissi mante 228 14962Karfemet | FE Y h‘flhffteﬁémobsﬁ?vét |5(§ﬁ 8681 d of
the vi ewer. #B@ctibgsr deninepye Vidiches mhiehfmemmiredzteat got Summpnappegponse,
dependent oOrbutathixUEl PEdeANEE @ck SUE NcAshé hei fHekéfre Becwdel WeRIhandE] fiaRCe

rise and decaw aééaasm;e@e tian® £al enlfe thedi SR aved.dnmage, the video

signal lgvels, S LC ma ove the creen t he
i mge cozﬁtent g §§§‘1 %% V% éS%%fS’G%eﬁL%éﬁ—ﬁgg ec\:/;lusllcbl e
artefacts calfe8%¥he" i YR ™IRE 9P aY e FRRYe f%rereand@'tf‘r FHET Y
inferior to WWAeeRgst abfe andTRCRN WSSOl LMeoREsDfto HerBds AgdtPreskralke rat e
do not fundarertatdsy igothee dibplqpregblisam: butveonbhemeke llwemehee tdegpbesis case
| ess perceptddel ehotrehédi s the aimof this present invention to renove the

said ' lyn nanclec Jlgmraapeﬁ;lng m%rvgadﬂlsgeé{g%f afissr esil thog frnem saj d

| um nance ju ol Ny lsc&g# ed crl”aggere rin and Hﬂ@dl ateI al ter the
movement of tine inma ance Julps “ahd Xhé aftekf 5ot $TRalted Y a

di fference |‘??nitﬁ?ﬁ%a%c@eﬁs%urarﬁdnﬂ’é@éy“ﬁ|"r?%?slﬁ?get ‘he 10 display screen on

whi ch t he i magethes agraffchyedre This tos thbt ditAkrFebye abaekod LEpnagoaverss ng a
first video siqggriakay ntimea, sesiond A4 depisapnady 4 hecrseticplawi @eacsi gnals

bei ng i mMoendadistor thei Ngidhsa ayrdyonoa displ aye devinge eWishBe diuf f &r %mst

| um nance 151Jéa§§or?‘rg> %%C%ngéx%%% fwgrkCbhgogB{ulégéecﬁJsdllgﬁl%cécEggzg

whi ch oper at he con lon 1s secon,

vi deo si gnal ‘?ecaﬁ e‘gfthgmra msﬁﬁf‘lc%t t9 FECPY %3&?&&1% | l?cttl"t‘?r gg’e %8Rt ¥ the
i mge to a cPYsgeform tthe fhirst P d&Be sFeARNd fLo6ATEPFi rT§ﬁ &APr t1rérdRteue to
a second anpiitegdecedabvryr tthebecrgbstestt ilahkgia@legemforen Slyape anddatter

anpl i tuds buthg eneesett idf siepevniaapabetk t Ost Aot | usastance théeinwgpanse of
the sane or aRALbhste RBh&iLLE: gl,ﬁggg{,e ofumbhe said inmage to a change of the

first video sigpal LIAmLNG.cS Qeéacgonﬂllq"% fude yalug Lo 8 Sald L st
anpl i tude val ue. 11um nance finme res onses can be nade suS‘star?tl a

y
equal to 25 elpﬁ’“&ﬁ'éﬁlﬂ’é‘ﬂg? uhFHEABES t et ees??d’ﬁsééme ‘Thré“llnur‘-rf‘ﬁaﬁ]éséer"iaﬁb‘m
responses cafts3é paddestisyeantially equal in anplitude and not slower than
the lum4tance respoasticel tdreiosandidieranotdmcrefpeict urg ebenREntiendndent woul d
be caused byvdMeuf idatbmitledgOssdgnRB! thd dilkiceravre dia&meayg\elnlwahb@tﬂlse and

conver si on. J&%Cbﬂae%e He 2060 Fale ARl a2AL088 BLOLYY &30 01 LTTRL, 02

be the said sa elerre reference |ctureeenen rom a
sel ected grotf<of- p'ihét 1?115?6'5‘a I”éﬁbr‘l‘ihéc? Fhs imags ri'&oW)’V‘?do WRY cthes SFtFeanthe

pi cture el enEtgehets8ys, any picture el enent which can be displayed on the
di spl ay screen of the display device. The chosen said sane or anot her

pi cture el enment can be that 35 picture elenent of all picture elenents

whi ch are aimed to be displayed of which the | um nance response is the

sl owest. The conversion permts the conpensation of the unevenness of the

o Y M



"1 09 AU G 2a02 WO 99/54865 4 5 10 15 20 25 30 35 40 For th t ey pon
" of a9next step, one or nore of the follow ng paraneters may 31@5‘4?5 zﬂﬂg
account at the start of a correction period: - the present |um nance of the
picture element as predicted at the instant of the previous correction
period) - MRI¥M&%ent anplitude of the first video signal, -PEHEPIM?SiOCal

| ocati on of the picture elenent on PCT/EP99/ 02050 nore of the a start of a
predicted at tile display screen, - the present tenperature at the |ocation
of the picture elenent. Preferably, a gorrection period is equal to a
multiple of the frame period of the second video signal. Preferably, the
frame rate of ThRevisdbbadr¢efeerssigind the ety i9fl ehofdishbavedammageate of
the first wiadee SiognakindAdedetidrg tbouascapbaidiarentrhef kbdver ploeseitins of

i nvention, tnfageacsqageasé oftaaft thee fad Storvidaaamd@aaly i S1Qet RGeS ﬁgm@mgi deo

signal is ?% t?‘%’ the faster l;H?‘Hl@@Cfa e§9§{1)§gr9gptqbgécture element to a

change rst videq si IS S wn 1n order to match the

| um nan e r esponsE % St i%8 | PEGEE T " TIRE Sk sFEIRE |9 aride
response ofl“E“h%a’sC&rré“’e?s Ealo r?éul pRet ke PdreAERRTACEF FRBISPPOSFIR citdAge of
the first Viwhewargiegnakhps Agcor diisglayvedarioeher derdrgdiaméntimuddikhelpresent
invention) dxee ncoameRESooNtBE theyefi kit VhARGNSEgHGhpd QuidieneeeRBeabdcdeo

signal is sgubatyfhe §1&‘@§Enéé*'mr{‘aﬂ§r@.n5§<§eo%%% %aadgeg} UE £l %Q%eto a
change s acselerat Lo order to match the

I rst_vi a d
| um nangge resﬁg?’Vsésclreeri i ‘%l% Lhe SRR L e &Ykhown faster |um nance
response of the sane or another plcture el emrent for the opposite change of
the first videthisi habraiessobli agratbodnisrhepneanyodd merfiret tiveops emeit
i nvention, idwe eoseengi oikdef dibsal, rnde vedewd sigealsiigeal heeiseCandendedeo
signal is sg.thatnd h&s%asp&d ¥ d£0d§§pg.|3?t| deRUSE Syilche ok WEdNARCE ukk Adhce
responsgs of .a pLgh Uéeeca %Hiﬁé‘é tﬁéé %sé’é &h&sfp'ﬂ?tsé/xle%go %Ql%h froma

first anpl i Tiude Val o secon ampl | e val ue st ant equal

in shape an®P<APT tAdé Eﬁf‘m‘?e%?’s"gd i f%rﬁ’gréb?ﬁ)a]rsecf“t oi’taﬁe Pﬁnfﬁ%ﬂﬁ‘éle tine
response of vidte stomelotavandt e 1pPErare BIMEnERTPIEF of chRAgRTst sterert r st

vi deo si gnatf fehemithee sal b seeond afipthd utlersvalviided ositomelsdran far irsc

anpl i tude | avekcuddesdiugi Rance JespOnNaas ebagvanal td obdr eaefdanedally

| uni nangg rgg,g@n%sshagur;,t@ram&@m%n b@E’p@éxﬁJxJééd' $n Célabaegiom&ega{g Yidag out

a nethod as descrlbd herelnabout flg Jl% | l,c |IIutrate
d Aoth

t he displ ay of a4 sp:tm?l A eo sfg ETg s s%rofl lpg wﬁalgver %

di spl ay SCI’ElEnsald image to a change “of e flrst video s:.gna from the said

second amplitude value to the said first amplitude value. The
luminance time responses can be made substantially equal to
25 ‘predefined luminance time responses’. The luminance time responses
can be made substantially equal in amplitude and not slower than the
luminance response of the same or another picture element which
would be caused by the first video signal if this was displayed
without conversion. The choice of the said same or another picture
30 element can be the said same picture element itself, a reference
picture element from a selected group of picture elements (e.g. a
window) to which said same picture element belongs, any picture
element which can be displayed on the display screen of the display
device. The chosen said same or another picture element can be that
35 picture element of all picture elements which are aimed to be
displayed of which the luminance response 1is the slowest. The
conversion permits the compensation of the unevenness of the
luminance rise and decay times over the surface of the display
screen, as well as the compensation of the temperature dependency of
40 the luminance rise and decay times.
According to a preferred embodiment, the conversion is such that
the second video signal is built up in real time in consecutive
steps during corresponding consecutive correction periods.



Fig. 2 illustrates the display of a specific "text wi ndow' video signal and
its novenment over the display screen; WD 99/54865 5 0 9 AU ng fZUUZ
PCT/ EP99/ 02050 Fig. 3a, Fig. 3b, and Fig. 3c illustrate the m)venent of a
white point between a first |location and a second | ocation on a display
screen; Fi /O W/=Benws | um nance responses on a display scr eenPﬁ’ll‘/F\Bﬁ?/@%S(t he 5
| um nance rise tinme is shorter than the |um nance decay tinme, when a'
white point noves froma first to a second |ocation (prior art); Fig. 5
shows | um nance responses on a display,screen of which the |umnance rise
time is longer than the | um nance decay time, when a white point noves from
a first to a gegornthe| odsttervmngtprnorofard ) nedf) Ftep. 6ene Fpy. mébse afd theg. 6C
il lustrate siberingopbabndddrenpay B taMenWihte pédding @B andi sgday SCreen;
Fig. 7a, FI&TrZ@QlOEI Seribd: |IIustrate a horizontal m)verrent of three white

points on a display screen; 8a 8b, ,and i str e.a
verti caI nmovemen oF i%e% o rga[nce 0l nklge opnlcau,re ellem nscre n eaat g%, Fi g.
9b, and°Fig. 9c § h’%st“taa‘f'e"% ttli‘ﬁv%rrf’éf'r’rf’“%fc°arﬁ‘l“ﬂs°tne¥’e’i)’f°dmhl te poi nts on a

di spl ay screerm; tFg Rreeent |dmpdirudeest athrofepemvifiee tsheeal steps of a white
poi nt on a di spltne byebryl 20cktipn kE shewsiatdnsnielanee respoes display
di spI ay screen ofcrwbhch the lum nance rise tinme is longer than the

| um nance decay (i %es@@@%&pgﬂéﬁepﬂ e Vc%él%' éfh@h% p'i@lcf'i‘:ye $GLE&N during
t hree c nsecutl eglaaebgrre erio tngrlor ar t qu ws]L grlor ar't
connection of &P effeF]E DT ReBRY Hgé i'a‘Jsp‘fDaya §1P13 5 el ock
di agr am of %ﬁmérﬁﬁ?éP?rE?ﬁ tHP f9ferpresent siggénti on; Fig. 14a shows a

wavef orm of a Hrefstabiiydeo:hei (irahe cortespéndhag seooah viage panal Wwhi @h
changes firghtignmobl ack thansitate amdnkatiase30iddoosiphiite to bl ack; Fig.

1ab shous a VayeGERMOT 3 DLl OLmBdinBYB did V@hgolgr@g@nsolaoem%w dugl

liquid grystal cel | |.a screen to um nance
first ffr%)omcbnvelﬁsntc>n Whi TE andsdﬁ V?%?cyfsrl |nttt {:%e 6’F§% vége?: Slgni a “shows

t he | uni nant®e trhé§p(’iH§ef6?t%F p]I“E‘llﬁ?’éceel%ﬁ?Bﬂ’f’seon"% : B TSPl &) e’%‘?f’rteé'ﬁ Gf
whi ch t he |dmraanck thesdirprevidgoshbrnadr ishahovere downi hranexsedecaymatare.
accordi ng tthet heampiasentresporedet iion tahd endpared thife Pto Othaarinowhi glowéb

shows a wavehkQhinaC GREHbidk th the RARS e Anra\esaéimtqte A AheRVE£ 6 | M2
vol t age 0to Os{lg chg{;&jf céry %llﬁg'?ulm}'ﬁ di splay screen to let it
Tte an

change nce rom “later fromwhite to bl ack;

Fig. 15c sho °§°ﬁﬁ’vﬂ¥f orn ?ﬁ?(’fB?ﬁl PG EHe PhvER i PSEPT 2 SEESATP vi thso
si gnal cor resgensiang of othe pfigetr eidgceméaraticcirhehaerpes videa s4gn&} o bl ack
to white anth |Eteer cheosiwiet elurdnishac keespoilsa\> 99 Sd88Hre eléher® 202 a

change of the first wvideo signal is accelerated in order to match
25 the luminance response in time and amplitude to the known faster
luminance response of the same or another picture element for the
opposite change of the first video signal.
According to another embodiment of the present invention, the
conversion of the first video signal to the second video signal 1is
30 so that the second video signal causes the luminance time response
of a picture element to a change of the first video signal from a
first amplitude value to a second amplitude value to be
substantially equal in shape and amplitude but reversed in slope
compared to the Iluminance time response of the same or another
35 picture element for a change of the first wvideo signal from the said
second amplitude value to the said first amplitude level, the
luminance responses being equal to predefined luminance responses.
Furthermore, an apparatus is claimed for carxying out a method as
described hereinabout.

40
Fig. la, Fig. 1b and Fig. lc illustrate the display of a specific

video signal and its scrolling down over the display screen;
Fig. 2 illustrates the display of a specific “text window" video

signal and its movement over the display screen;



PCT/ EP99/ 02050 6 Fig. 16 shows how a | um nance response is co I
‘according to the invention; Fig. 17a shows the |um nance resp%g‘%ﬁg 2002
picture elenment on a LCD display screen of which the |um nance rise tine is
| onger than 5 the | um nance decay tine, according to the present invention
and conpar S¥OPY56For art: Fig. 17b shows a wavef orm accor di RETESYHRES0
present invention of a RMS drive voltage to an individual crystal cell in a
LCD display screen to let it change |lum nance first fromblack to white and
10 later fromwhite to black; Fig. 17c shows a waveform according to the
present invention of a second vi deo signal_corresponding to a picture

el ement whi ch Btfandés FigrstPf raomh BEack <t SR aras IRVEReRY Gf Rhikiet o

bl ack; Fi g.pdi@tshevweea st fndstl oretapparat s sacewt dicagticy tohe apdésEty 1~

i nvent i on; &if@enl9 shows an apparatus according to the present invention,

connected betwegn a MidlRO1geNELAL qreseeﬁisénoh @Qes&a@pééaeeang wrd 8n SHQws a

video genergtar with bui lt-iLn.a r.di tothe resen
i nventi % %ﬁ“ TS ré%ﬁntelce ag sthQQr agh%% LS| '}%g ‘15“- TSh‘()"vvsn a video

" gener at or V\)ﬁl?lctﬁ PLoRRES §6°‘P€ 5hr1°’trrd:é’eaoﬁe§51“%3}°\ﬁﬁ tap éB‘h‘tqi A5 ain

appar at us accofifi-ng TRPWEheUTIFERAE iTRTPOASTS PRI Exaislvesefeer Spediifhctiemage
is illustratednencd-iggsel adme?5 sFilgngdrh than theglunicandy depagetidiesphiagn & has
on its di sphiayteSpsRENmAvés TREGId ifErstBGeaIhad acketimedoPioraabigh noi se
content o the i ppge gheing Sk olalnanﬂgdowe Al1uSHGR sfloqw&aﬁ%@dmwmnmef
scrolling steps noL & i nd V|On é ?ercecbtlble Fig. 1b shows an enl arged
part 4 of t espec?fpc ?ra lslp ocation referred to the image being
shown 30 in Fi§91da: Fngg I Bban%FgFl gc< 1dIP§rase r at o zantHwdiaresettol 45 ng
step equal torashwhilidf beiwmtrc enbetdisriaY Ferdérst ance 5 of a bright inage point
6 to the top bpiglersaof rifie apyaged lrafor ecaiNeEotddeng 8éacandndvedesit SéANCE 7
after the sedlhkipg p%tlggs A segapd.gxamls,; of a specific image is

11 ustrated incH .02 g sho dapwdgoc lmgt&g <33 L8pind0siele, MOLch i o

moved over a_di s@l ‘screen 2 q?l oca Ion ocati on end| ng
on the Ium ﬁgr’(‘é‘é Fi °én§ﬁa°”ﬁ§‘08§/s 8¥pBHSES’ of the d| spl ay device and on t he
scrol ling or nByemdftispeeaacat PePMATS ar'e Seeat A3°RF PAryelaresdinki mance
flash, |argeatis@léyiaramee flicker, a tenporary faulty |arge-area

| um nange. 40 Fig. 13ashbig.a Yamauichcki gesshsk| b rGakL1dvhe chpMe BNty oh a

di splay scregn Ofn:3aiu tﬁsféo't%e 115"\‘11&)&&1“%1;%”@1{@' ﬂ!?nlﬁimc?e pa&fayr @ikl ement
froma first 05|t|q'g 12 % n ecogd 03|tslcon 09AUG
2" 0C~ WO 99187868 77 PBET/ ‘Tyasr‘rﬁll Dart f 8% spl ay
screen encl 6SPHFUEHER (RE™ d’t?ét"?%épi?%r?ﬂtm is shovvn in an enI ar ged way .
When t he whit eFpoi rit2 shavges pirast aamtt] yofrenmiehersai didda senpoxiori 6a 42 to

t he sai @& se¢oagk pospiayon 13, the foll owm ng happens. 5 On a display screen
of which the | widnanceisespaisexi aisdmdi &t en tdi@oMtidne @I NdheWiddesade t he
same mstangmf,égtlxndl sappear at the first Iocatl on 12 and fully reappear at
t he second |OC?,tI on,l ths | um i nance i i.nte tt 9 ver . tha screen area 14 at
time instances B&fore, > S Ry "SR ATt &F f‘he o FAE i TET DRI REW 11 be
equal 10 t otPh¥! I'TRFRBRISECBRTES FBRRASTY ffo)sror‘fémO\kﬁ]taékp'Eﬁ ﬁ‘F’ltOlaréii drEPT ay
screen Wt hfzon wiipartcebtéde tinme different conpared to the | uninance decay
time as it is Fypi cab Ewswsan kiR fdrapbAale geviceart thMs Bnivanadteageeayard Or

rise) of thendhiils@aSPOiqak tcbesefalr He1h0gat Loy 23 Miph by becydiehf @pent. f fom t he
si nul taneoug, | um %Qan dceS€: 1 f% ﬁf&w tgf ﬁm% WL T £, 3ROk & Jl18.Sale

i nstant at t e second Tocation um nance 1 ntegrated over the
screen area®?®’s not equal i medi ately bef ore during and after the
movenen®’ of t h&ighi3® §6PH .thenlEpipange| sessRBen tthé PLRiYT&neteTsEfope, 2
during and afbedisphey 28-meeveobnhioh tiwe lwhitapcporide tim@tisashomeer mpamnt TO
froma firstnbogaiimfcd2abend SReONdctOEENE0Ro 18hdNpesdhs PLayertGbh € Andf

whi ch the Igg;n%getg i38ctidm®;is shorter than the [um nance decay t| me. The
hori zont al ax'; 1'5% a?]év&sm; éé’v%'fgrﬁn%c%h&n"% Gl eé'e%t iyl fo pance
scal e. Graph 1 | Gnihance of the cture el ene nﬂ@ %rihe?lrst
| ocat i oA® 12R4§r Sf)’d’elB’c’%ﬁ%‘i’/% then mﬁdhﬁh%‘elofqﬁt@lséf*ébn“bu TR Esehdnt at
the second Isgredn awp 13t ditd qgpeagh 19nigiapes firsti dregyr biask |tonivwkaneeander
the screen ameér ¥4om white to black;

Fig. 15¢ shows a waveform according to the invention of a second
video signal corresponding to a picture element which changes first
45 from black to white and later from white to black;



In Fig. 5 is shown the |um nance before, during and after the nove of the
white point 11 at a tinme instant TOfroma first 30 position d
position 13 on a display screen of which the |um nance rise tllgg%s‘m}zg@?
than the | um nance decay tinme. G aph 20 shows the | um nance of the picture
el ement at WQ&9H4868t | ocation 12, graph 21 shows | um nance ofPQUiEP9giozasar e
el enrent at the second | ocation 13, and graph 22 shows the integrated

| um nance over the 35 screen area 14. Fig . 4 and Fig . 5 show that when
the white to point 11 noves fromthe figst position 12 to the second
position 13, there is a short |um nance junp, upwards or downwards

dependi ng on hbv¢t Ré Fhows Berl adéemipanFeezespprichdsdigpiraylet meeardigisate to
each ot her. tW tibventaiod® sanme time period, the |um nance of the picture

el ement at thersecand bgGat k8 ldninsnehanggensi irerepidotreomparsd tbhea

| um nance OLCIS hﬁ.sB.’Lg}I Lgc‘::tegrlx e&‘PQJm@R \El’@e lungééncleog'%% gﬂlm:éz ’lSt Eg 9' f i ?\r gnece

det er m n% i he arrg ‘i 'um nag uni nance jump is at
the origin 5}? t HE3PPER o Ptc§lyr’r1§'r’rf“iet)n%CCFoﬁ b% ‘é‘?‘ldtrfeurlfrﬁéFn'éxbP’é‘?‘H:éanbéf‘%w
09 AUG 29%’%’3‘3‘@9@’/ BABE5 aEPCT/ EP99/ 02050 | f nore white points are noved
at the sanme i nstantt7anshowst diwaveherrs aneosiiabl tarda wfesehe divepkdyn creen, a
| um nance | uap adilvk ©@6CLtHgeatowahl ihaividusl aspldthudectepends ofo hewdibe

whi te poi nt gcAlf cyostl@cbq&edhmgéﬂﬂmahsn@r@reee@mé Habe 68 JHi9. GRaand
Fig. 6¢cpllustra gom % I__él\l)to\l\/gh_tqc poi nts | aying side-by-side nove in the
sane hor| zoft al ion over a di stance of one picture elenent. In Fig.

6b is shown th&td or’réc pTROMEr & WAVEARTT 2ABREREt ER IFRAgRF I56H nHHeRt i fhidte t wo
ot her pi ct useceideridncs sg¢drrgeckurintafEe tCoRPRicedr ¢ ¢ Uehenhothd cbf cloara@enhi t e
poi nt 10 asfdescrrbedlabove, whhe: anplidtederofm whied whi vdxe j unp within the
area 14 is equakd. hawavehst heséBlabing lpBhRanGce a-usiaibei kY the ghsghute

| um nange | ygp. t__%%t ed to the total |lum nance of the noving points is

smal ler. Fig. . 7c illustrate how three white points 15
| ayi ng si de- byFé‘F delsmf\?gwf na‘f' h%ppg’éﬁjéu%oar‘icfiiﬁiriﬂ §i F8Bt PBOFP BVer "8 4i $Fance
of one pi ct GPRNSETCEARCWesh FvgdeTigeperaieowird [fat itags ptetiare el ements do
not change | unFhance) wibkve tawovoideerggriecthtwe elwgneat sowdhange lkppirmanse.
Conpar ed t 0 atb&diny ecdfcrenerubide ipobiicas desar ilBedoaboares theadnpldgtude
of the hym pagce.junp Wi thin the 20 area 14 is equal Conpared to the nove
of two white pai nts2 ashggsscrl bed abov the anplitude of tge Ium nance junp

within the area 14 s “equal ;. hiowsv ?neﬁ?tore tTVES| GRRhance FOnt bE1S t he

absol ute | uﬁfﬁ%‘r‘?@ewﬁ‘ifﬁpc?’éttadfléda’f GPPRE U5t é?cqrﬁh?%efﬁcéh%fmt"ﬁétiﬁi’vl ng points
is smaller. 25 Fig. 8a, Fig. 8b and Fig. 8c illustrate how two white points
above each ot her fomte exambphe SFane specificalimdys ect iionuowertea dhstancea0f one

pi ctur e 291 eReDt 1) Gukis 8115 Mg hatpfapn Rhetur .8l srmnts do. change

| um nance at the sane tine, npar ed € nove of one I'te polnt,

| uni nance j @npPs<-fdBubtass, 3bﬁlfartaﬁée’i’eﬁle§t Py et §69Fu?ﬁ”r§§n68nf% |t§etﬁ’éag§arre
Di fferent corbhnaicronbingf deknm t#r poicht 8 s pead tHee sAEPséddIRihG &capane
direction from o r sty cqpd | 9¢ .area cof

t he i mage screen‘j&ﬁ\;\/lvHﬂ aslly (B’%g[f%éeyrlg%% z%ig& f}t esand5a %{n%gég%élnﬁ?ﬂance%j unps
within that 5&i ¥Pesi & 1F‘Hg€| . 168, locpglomredsread ta "ghe dmpage heipgsthoared a
nmovenmentoof ia Faf.ges. cagbi IlkﬁitalrﬂnFDj akusiristphtema Bewrp@irat sczfcmmh@rua;ep

| ocation to re ri.gh i Eig. l.Lust gt es Qi nt
11 novi ng dl??ﬂu%% o tdlh%etﬁlg%e%?gg %g‘%&n tlhg flr}%h%lceer%l og %f rb%rln oca aloon 23
to | ocation p?e‘)n"il(? FPefht okt iPORSeDR £LaHe 2EmagR Pﬁf‘ffea as BFERM- i@Begta anh g,
11 shows thehkbudisteanece Jr sqfite??7 tha buncliliian ekepi NB, seodmeyrataglever ihe

area 7. 4. Astp‘éE'Pﬂra i ¥ad OV sh L AAREE %6 pﬁcurzs 84T LGt e vJIRMS‘w of i

white pai The .Iuglnancelste rarl faul.t Thi s r eact |s rel ated
‘text “inside, FH Is mo ve dlspla screen c?r%
to the |mage junp and fur er Fone as nporary-fau

| um nance' . 2 towd bYoyasages 1§- ODQP%EU’GI’EOCFZ* Ffé‘F/ Erg9Prerss 0- e ar}chn‘il?@ﬁce

junp’ and ' tespaisaky of auhé yalspTanaaeel caardraf it &hwe@ermqphgl red nBesraove
for si er| € m)Vclaglg artegaeé:sc%ngogg OLs O.Qel O){ engf'e lelmtlgarp ashTh Srege—
artefacts however occur nore or Tess visible and]or neasura f Hny

i mage noved 38A2 A UAEEMIRy fLtsheEn & GIPAFAIYNARR: ‘We v PR AR Jdi“‘rlfl@?%ent

| um nanee ri se raad deCryg L i3pEsnd WAGN BN idboverane ntheonekrepecon iaC di sppiGe, f or
exanpl e the dopage del hughia! @diby 1PAAEhOthdi Pmehor SENRVELQMR ci&ensCr €EN
whereby its fffggtgnknrs%rr%'ogﬁmcfaan%@g dependj ng s%eowepés%%dn% theg.

novenent, artetracts ranging froma | um nance junmp (or brighter or



10 darker lum nance flash), over a |large-area flicker to a | arge-area
"faulty lum nance may occur. The artefacts occur only in the Hé&eA@G Zﬁ[j
parts of the inmage which are noved. In Fig. 12 is shown a prior art
connection of a video generator 29 to an inmage display 1. 15 An embodi nment
of the pre¥@iPf¥ention is explained by means of block di adiGHFE 20583 and
figures of waveforns. It is an apparatus in which a first video signal is
converted into a second video signal. Fig. 13 shows a bl ock di agram of an
apparatus 32 according to the 20 present invention. The input is a first

vi deo S|gnal 33, _and the ou ut is a second video signal 34 which is a
conver si on3Of PREY 3 r¥BLY| BT i “gRal BB, LPREMApPI AR USSP TprPs et Sever al
functi onal 19s1a5ékes 1Bedniy laniopbPohalk #heeiarsgfamay- correcti on 35) a
subtract or 36when fiheStwrddderro3@t ahsepsndiraddetld38fram proeesaidag thtock 39,
a 25 one-fgauRisRNRI Yo FMe adith @Bcaft bonali ogaIaTBLEor #AQbivORy 4Rppdhe sai d
functi opal b'e&kasg%p%]awt&reggns@%@& khewhnﬁg,%/@r&'spt@;eergom ihops for

t he i nterch qfe_ﬁ val ues | etweer% t he_funct] ona dP ues may
correspond- i nBREESs , “or JARMRZCor TECERY Viaeo SIEgRRFET 6? ¥ vi deo
si gnal s wi fH&Ht L N3k @afr é‘d:]tllyoﬁeaitﬂeat’oa‘a EniSPASRY divcBEighd3or thore of
t hese, depawdinagconintraratddeoeppariet uUs-r88n| sregcadttedht ntigneyi tderaohas n

bet ween a yéfige, genakhat &id alften thespboy dfe\Hheewhfos ddiat desTr iHt iegianf t he

appar aigs 32, cni! 1ind nASSRBL-dHRhalle ey alleesnare shinear |y related to

| um nances on thedgl S\l a¥cre%ke$f£ a”db&{lﬁé (tehe,lfl rs eaggfée:%ggd 34:{ deo, 35
signals are no orrecte however Be ExIBRE The
appar at us F%rtkg%\%r’r’ﬁ‘lﬁ"t‘fﬁee(f}teéayvitﬁ% A dhfal’s yPERet aE‘tﬁ tEanLciﬂ‘ ddﬁpr‘ﬁ(/er se
gamma- cor r éediicen B® dumingace rfareysidferiagid o Hernid 5P r It oh Yo firsthe
out put si degca@iobyld NidQr aé | A fpaama-fawar enessinuitanddve appatiaicds r3ke 40
The process$sNgaddagek 089 thaswaitOpigo@nak itAPULahOr s N RS L, tﬂehes%eoﬂétl ues

being rel a%@&ttgn he thst%rtglst@rtﬂentat l%tgg».catettaeostlegertt sgte fe.disp| ay

screen such as te at ur qcat | I ctur ein
processed, “¥i ¥¥%r g}ﬁ)%?g %aasp‘l e’heaw oﬁrngg \K‘;eaﬁftﬁfoau%t’f‘%‘hemﬁgfcﬁ%s
agei ng of E%W&Féﬁlpﬁwtt nt ended to be 45 used for conpensations in the
conver si on of It heid.i dstisvistewn sthgndhminahcy ARKPZE)0ZuWn® 9481 36F et 0 the

PCT/ EP291028&dhehnt 6f the s@toadpdindealsagnal cirkhasecwat UBs fiyh GOMRrEf om a

sensor in §8&dbsplAY,de\eetha OlochEi dhS€s - &pof hosab) ectturplaghwmhoehécr een
di splay or 1an external data enty gew‘%e For tLhe ex %atl on_.of t ge
Vi

ance rise m 1s S Qr lme
operation R appar at us. 32, €0 SI g S3% stiown OnSFi g.
lda i s choB8®fiz°Fhdks ¥HEsen 17 r%ttt}‘iedéﬁaé"f ot té"t‘?r P’§§bb??&s FdSalfhit e2
pi cture el éweimaned sxabe ackaphckigrbeyrl thehbmimpres pifcthe eridementi<appeari ng
at ti mds TOranchediESaypeacatignat2 t igmepil 108. shawsFicge Ivdepabdwe dforthe onriraknaxi s
is a lineapiddyre SCate@tWat N Vicioans1ddatienr 18spaadigagpk 019 I sHBwspert 0ods 10
of the first .M de0s S.Lhﬁlﬂ?dn,cea&%:t lﬂﬁe V&&Eéx‘?%'reéxié is a linear voltage scale.

The first video ;lggql}b arrptxl tudg a%c%t T?%rfer%@éll )] toml1 % nd at T10

fromll to 0. F Dw?he vvave ormo evo applied
i nsi de a t§picaPt LEIS d'l"%’ﬁleaf%ét}l ¢d 26 thetdfe JtS’rStFtB'r"'e'I'Pl darPa 5 Wﬁ%t al

i mage 8@l | psyitgbntHe tdi apierprd rasepiof 1BCN di Sphripwievresn wifi whichy ¢hdri ven
to di spl ay livhimanhe t £igeoichie 0fs (lvagét riddanvegeolsiigaate | dkagndihdi ssragsor di ng
to prior agb.sifdhd. cddAHNOWE d cAUSRE K1 Of udeU Rl BANRE ok BRe IESRENSES QbR 2
preture el eoenl, o 2 dLagl2n.AeLeRE o A Lo tgtéptfsrﬁggvgs;etﬂ YI5R the

20 luminance' rTs Ime 1S shor um nanc

nor 1 20nt al LESHEoRs 1 | P PR nEs SERVE, SAh IR B e | SRR SR 0y

| i near 3 unRERYe28%@*é: The | umi nance responses in Fig. 15a correspond to
one uni que LCBidi splaay Hewi e ;shbhethegs pberms etlies wiépenpimt 34 mbeeddifgphay
devi ce, thenéocatsitopositibhelpi €4 we ekesrentpo2btioh tile dhsepd ays SCreeBr ON
the tenperapyiem-G AN, 4 2ot dsl 8- é&&wat:@awetplaeamd Qn ol LHET PARCEGL

response tq Lhe fLcst v geois%p%mwﬂeegt LN agalian gtaihe displayed

pi cture el SRemt .- nance rises fromtine I nstant

dur at i &R oFa’é%\FeF‘SIPeFr"aﬁe 'ther GHSPTOMILENT PN QSRERRAS FRBNTSSOEi e

i nstant T1Qofmyica Adr ati ghangedsaiéfedentanecrerpddshe Theminancaarée these
time is sheit@iret bpdhehbead henance tecayobile. the aplffé3eshowRtbhRinbyor art

| um nance rgsSPYREere toize tR&MEurh&hdd Gulth Ml LemendriceSunb dED =i gRal
which is r evefsedg'ﬁqﬁi Tplddude ,regqpare%damevgg&%tgge'e,ewtlﬁéwbtﬁﬁt&h s

further calfed " 3 U Rance rise and decay tinmes are as wt

42. Video signals INL and -1 N1 do not occur at the sane instant for dr|V| ng
the sane picture elenent, but nay both be present at the input within a
time interval shorter than an input frane period when e.g. a white picture
el ement noves from one Iocatl on to anot her 40 W|th| n the |mage Accor di ng

b oy . o o



45 résponse equal to a predefined |um nance response, the thrﬁ n%j d 0
'9 AUC ~~; .~ WD 991 54865 PCT/ EP99/ 02050 bei ng possible with th Be &5[]02

descri bed enbodi nent. Accelerating the sl ower response will however not

al ways be useable in practice because higher drive voltages will be needed
and sat ur atvioor/saseg occur in the inmage display. 5 The sol uti opcT/EPEId2g95d Ul |y
expl ained for making the faster response slower. Mking the slower response -
faster, or making the faster response and the sl ower response equal to
predefi ned responses, can easily be inplenented by the skilled person. In
accordance wth the present invention, 8graph 42 in Fig. 15a is 10 sl owed
down to graphiddndiir vAged BeihtdTRire bhdiedake ahel k&l @nttiicnand &ridAth Makches
as close ag.posglbheats WARRe4a; 401D LRG €UC 3R fAho 07 ARG 4311 DAY the
interval of dec§¥| ng luni nancg.t(uf rom Tlodon)n,1 %h‘g Lesponse shgultd not be
modi fied aRd remai noas Gt aphe a2 Ei ¢ PERT s”An"8hI §rged Vet sPORSF A part

of Fig. 15&1stamEFs? 145 Bt idenSET$ndrPAst ances TO and T3. To the first
verticaf axi sFidg.i6aadded #bsecdndiver 6¢calluptirstebhiwn oyedethite shiowst he

rel ati on bekween dilke-secddd woteoisi gnal samd Hdiezbmdinaticecoiont herekbmage on
the di spl ay;seseen.osThgdmeshad Lok caauer tingrdhe & 188 ¥ilgo Si.gnald nto
the second .40.yi.d%0 L5, Wlbep explained el erting.he the black diagam
Fig. 13. The conversion is sucﬂ t hat “the second vi deo signa .S burlt up in
real tinme i e’&%&(‘fﬁ?’i‘?ﬁe SRR Sfur CREPTS T &8 pbhidli Y °c 8hsBUtTRFES B ¥ct i on
peri odd9TCasAdesirieet i ahrvser tBe RTRAithde B phef dpBiasceqiiar tdthfe Fheame
peri od of tdreadiséphayedualnagmwekecorthectelyti2b pemimghcrayutne defrdfoerwnwt from
the frame peesbnde( Timinadtet N8l FeSicad d80cind gbadl 1homaddRE-PraseRbvMal ue of
the first .deo skomal,,33.1s subtracted in the subtractor 36 a value FR

whi ch correspqpds to the present |um nance as it S ptedi cted one,
correction pe%iQSd .%aé‘f ogr]l@.‘. %ﬁea%% ?’é’s}uqu: ilgl?t\fﬁfﬁ\é\@ﬁ "%‘ﬁée VPRI prines

det er nmilAes YFWE hEdeghY 1Eifte MAVEl LRavFBet 628 abrye-280F n PR HEX tOVEaT rfect i on
period. Lurdiggaree stoubmk | portegse edenentse Whehig- | B posi show) desr ease or
decay when fctsrdegamhbnes @nthdeemiaigequalindhed), OvHiSezZewd. odie wakuerd 1S
applied to @ehidSt chBRWM QhmibhAgLr ReaSSIA0 Bl 08k RRe Bk BnsSe@ARd LORWL IS
3> appl i ed e DLAGLA! Sl e3R0! LAINA0CE: e Wehlba2e! Rl K3LuESA and
FR andréqf present ‘the mpgt of “one or nore tenggr ture val ues related to
the corflect®ddi*épldy SBPéer ™BPEHetr APRhed Yo but Bt “WaFteB°T € atfd DR
How t hese \AfisgelreBCaars DRhe aAFR3é teda efntrredydnangs armediftbit Hée. a?@ is a
correcti on Malkaeeduwzlbehawkted thetteadveriagiicsmee pusserdingumhaabrsel e | n

order to reR&lnancehoefRp fdlHtBaANES (i dRECM I n@An6hoseneenpOEebodhtd he
end of the next.gQrrection period. DRis the value with which the | um nance

wi | | haye changed 0 9. AUG.2' 002 WO 991 54865 PCT/ EP99Il 0205Q .12 after the
next c?rér ecti %ﬂ‘gpersla(Jd%\l/\%gﬁ%wdg 1}a/:\gde§ct 6§?ﬁsetrrc?;€§dlﬁ8‘fe wcbr“(é)%%tﬁt_pf)ﬁrﬁ%snance
FR taki ng i H8® atOuRtP & Bar dhvéter $2m5F VERe: Git s PHERF 467 17T (dDFARPRTE sone
are screen-¢focens opicaprgkt agerartd t @ap&iat ute depeirmiantihats fove gdicduyaal ue
~C i s addedelenette doi EBéncddemnididmeek aB87tHe0 shie pinedi Cémthrptiesenihel wavnance

FR  Sai d predicat eghitessiit | WRENBRER 2 ER WASHPE 8da&iireda Athdthenbeginping of

the prey ou&mqggrqceecgmg_ige%gqsa%gq has been del ayed over one correction
period in a onﬁ{%orrectl onperi.o rrerfn%%/ FM . The output of the first adder
i d

37 is a val ue EF=T0 PEPTRE18RE 6 He 8P GhaPVSH Fit RsuC*Bpti8Rat™
ganma- cor r et t528R. AR tvel JEOPRTSs fagtfed orAtiMe teet oifFoRAdICAbE e KIBR T t o

t he val ue odnt heeapr edli ched ipreserdcreem mabte oFRe Théfendnputabsslitre and

predi ct ed preseite |luiiAaee jhafs avitfxh ©RIr €6ld ireperi®trig. 9a, Fig. 9b

35 and Fig. 9c¢ is illustrated a movement of a larger combination or

cluster of white points from one location to a more right-down

location.

Fig. 10 illustrates a white point 11 moving during a time

interval TO0-T3 of 3 frame periods from location 23 to location 26

40 over locations 24 and 25, within a screen area 14. Fig. 11 shows the

luminance graph 27 in function of time, integrated over the area 14.

A temporary lower luminance 28 occurs during the move of the white

point. The luminance is temporarily faulty. This artefact is related

to the image jump and further mentioned as a ‘temporary faulty

45 luminance’ .



Al t hough a correction to the second video signal takes several y
rcorrection periods, a nenory FM of only one correction peri on AUIQ/ZGQZ
second video signal frane period) is needed. Per correction period is
determ ned a new correction value based on the present |um nance which was
cal cul at ed @ 995865t art of the previous correction period an®CIEPPYREUri ng
one correction period. 20 The above descri bed apparatus 32 contains all the
above _nentioned functional blocks and connections to change a | um nance
response in consecutive steps by convepting the first video signal 33 to

t he second video signal 34. It is homever not al ways needed to change the

| um nance respimseélumamsky el ehe | tanreaace feedponbeniaknendrr26idayk| ows
the sl owestwdrespanaenyd therblifoviel ESt SlinfBO wivgnglimable appasad UWE 6@ owor K

transpar entjye Emleecqsalla@s r e@ﬂxés%edaﬂdlfﬁggs pﬁ&ﬁﬁr%%' NG Rk 0GHr39. 0, FOFesEur t her

“expl anation i s, {efer /gg a\Lgu;g% - gfl§%6 J.ma ghmévs Shgwn how.the | um nance
resporyse i s BorT +° ree consecuti ve correct | of per i ods from

the time i z%‘?cég‘agl% ‘Eeé’l‘fg wﬁkbrﬁlféff?f‘tTll“W?'ﬁ&ulnﬁ%r?“é%t‘}e(‘}ﬁ)’ {:H@as
"l um nance ritse vsul APVS | BRRtdPagth ERecifdci ierease feT omKkableo ti . igkgeor di ng
to the inveriluetratielebl unearance rFégponse shauwlred howevehef st ghapiby4d5 and
increase from Lode@nt Blemdgs shapangbal h%e_bjaxﬂi@lg Iwn' BROCQPSLOPQ £l StndD
however nozgsa%ﬁgﬂé Y sh0enldCabad @ Lhe. r;oamﬁlaeh S118PC, Of - dg.fegayi ng

| um nan 1% g It |cut to mat E rising ijmnanceto
the graph fitl lt“ﬁﬁc%aﬁ'easf‘ Y& alh PET RARR et BT AL t‘fl?‘re THRSTATE T1.
Mbr e i npor t 8V EY sl Reves “Eaﬁat"ct:‘h-e iThEe§F 52 f@dtF UPFTYENCBIHVEY Tfe 1BHSFect i on
period fromTOnterrEE ¢ ther iwade wHirhThee efayed. t he | um nance shoul d rai se so
that the integratrad. | 1 RaRaewt S pReos i adnhdctwbnll 6 he viiBedr phrdrrnas
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void.calc deltas(int delta_in, int from int *delta_out, int |ta res)
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correction needed */ 10 dout = delta_in; ) else /* negative slope *!
correction value */ 15 Bout = (float)delta_| n ( (FRAME_LPERIOD - tau rising
(1 - expMORWS48E PERI OD/tau_rising) ) ) / (FRAVE PERI OD - PEI/ER¥HR{$g
(1 - exp(FRAME_PERI OD/tau decaying))) 20 ) * tenp_function(tenperature,
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Fig 14b shows the waveform of the RMS drive voltage applied

inside a typical LCD display device to the one or more liquid

15 crystal image cell(s) of the display screen of LCD display device
which are driven to display the white point of the first video
signal IN1 and this according to prior art.

Fig. 15a shows a number of luminance time responses of a picture
element on a display screen of an LCD display device of which the

20 luminance rise time is shorter than the luminance decay time. The
horizontal axis is a linear time scale, and the vertical axis 41 is
a linear luminance scale. The luminance responses in Fig. 1S5a
correspond to one unigque LCD display device; the response 1is
dependent on the display device, the location of the picture element
25 on the display screen, on the temperature.

Graph 42 on Fig. 15a shows the prior art luminance response to
the first video signal IN1 at the location of the displayed picture
element. As shown, the luminance rises from time instant TO0 for a
duration of several frame periods from LO to L1, and decays from

30 time instant T10 for a duration of several frame periods. The
luminance rise time is shorter than the luminance decay time.

Graph 43 shows the prior art luminance response of the same
picture element to a first video signal which 1is reversed in
amplitude compared to video signal IN1 and which is further called -

35 IN1. Luminance rise and decay times are as with Graph 42.

Video signals IN1 and ~-INl1 do not occur at the same instant for
driving the same picture element, but may both be present at the
input within a time interval shorter than an input frame period when
e.g. a white picture element moves from one location to another

40 within the image.

According to the present invention, the luminance rise and decay
times are made equal, obtained by slowing down the faster response
to match with the slower response, or accelerate the slower response
to match with the faster response, or make the faster and the slower

45 response equal to a predefined luminance response, the three methods
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responses. The C-program function includes a correction in functl on of
tenperature terrp function) and | ocation (location-function).
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di spl ay device 'ﬁfé”‘é&x@érfsgo:@ A SRERYLSEr T8E ARdndi ¢iddce sebeentss pham=ag
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a change of t®eélfitgsithgi Jearssi @?PaﬂlOdf #in Hef (figplaved image. C°rrec’=l°n
25 period may be different from the frame period (TFl) of the first

video signal.

From the present value of the first videc signal 33 is subtracted
in the subtractor 36 a value FR which corresponds to the present
luminance as it was predicted one correction period before. The

30 result is a value A. The value A determines how the luminance will
have to change during the next correction period. Luminance should
increase or rise when A is positive, decrease or decay when A 1is
negative, and remain equal when A is zero. The value A is applied to
a first input of the processing block 39. At a second input is

35 applied the predicted present luminance FR. With as input values A
and FR and if present the input of one or more temperature values TL
related to the connected display screen; are determined two output
values, AC and AR. How these values AC and AR can be determined is
explained further. AC is a correction value to be added to the

40 predicted present luminance FR in order to reach a chosen luminance
{(to match to a chosen response) at the end of the next correction

period. AR is the wvalue with which the luminance will have changed
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U]cAa]cmh present luminance FR predicted at T0, is AL=INT-FRl. The output of

the processing block is ACl and is added to FR1 to be the new second

videco signal value. The predicted rise of luminance after the

correction period T1-T2 is AR1, and the predicted present luminance

at T2 is FR1+AR1=FR2. From T2 on, the luminance response is built up
25 in the same way as described here before up to a luminance LT. On
Fig. 15%a 1is shown, that from T10, the luminance response follows the
slower luminance decaying response and no correction is carried out,
the apparatus 32 working transparently.
Fig 15b shows the waveform of the RMS drive voltage with
30 reference to Fig. 14b, but now in response to the second video
signal.
In Fig. 15c¢ is shown the second video signal, being the converted
first video signal shown in Fig. l4a.
In Fig. 17a, Fig. 17b and Fig. 17c¢ are shown similar waveforms
35 compared to Fig. l15a, Fig. 15b and Fig. 15c¢ , however for a display
device of which the luminance rise time is longer than the luminance
decay time. The luminance decay is now made slower from T10.

In the processing block 2395, the output values AC and AR are
determined in function of the input values A and FR and optional

40 temperature values and location values. The following C-language
function is hereby used.
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to
* make the fastest one do as well .

30 */
dres = (float)delta_in
* (1 - exp(-FRAME_PERIOD/tau_rising)}
* temp_function(temperature, RISING)
* location_function(screen_x,screen_y);
35
*delta_out {int) rinc (dout) ;

*delta_res (int) rint (dres) ;

40
In the above shown C-language function, corrections are
determined every 1/60 second (frame rate 60 Hz). It is written for
the display of an image on a display device of which the luminance
rise time is 1longer than the luminance decay time. Values
45 "delta_out" (being AC) and "dres" (being AR) are calculated from

"delta_in" (being A) and "from" (being FR). When "delta_in" is
positive, the luminance should rise (cailed positive slope) and no
correction is to be made. The calculation of dout (or AC) is based

on the following equation wherein T is the correction period :
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5 T, (or tau_rising) and T, (or tau_decaying) are time constants of

exponential functions corresponding to luminance time responses.
The C-program function includes a correction in function of
temperature (temp_function) and location (location_function).
The processing block 39 may be implemented in different ways. It
10 may be a pre-calculated look-up table with A and FR as input values,
and AC and AR as output values which before being output are sent
through multipliers for temperature and location dependent
corrections.
It may be a hardware implementation of the C-program function
15 shown above.
It may consist of a look-up table and a microprocessor to update
the values in the look-up table in function of temperature.
Fig. 18, Fig. 19, Fig. 20 and Fig. 21 show other possible
embodiments or applications of the present invention. Fig. 18 shows
20 a stand-alone apparatus 49 which converts according to the present
invention a first video signal 33 into a second video signal 34,
having an optional input 50 for values (TL) related to a display
screen and having an optional temperature sensor 51 for measuring a
temperature of a display screen., Fig. 19 shows an apparatus
25 according to the invention 52 which is connected between a wvideo
generator 29 and an image display 1. Fig. 20 shows an apparatus
according to the present invention 52 built-in inside a signal
generator 29 which is connected to an image display 1. Fig. 21 shows
an apparatus according to the present invention 52 built-in inside
30 an image display which is connected to a video generator 29.
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It 25 also a possible application of the present invention that a
video signal is generated or converted inside a signal generator so
that the luminance time responses of a picture element of an image,
displayed on a display device with different luminance rise and
5 decay times, are equal for an amplitude change of the video signal

and for the opposite amplitude change of the video signal.
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clims

1. A method for the' conversion of a first video signal inte a
second videc signal, the second video signal being intended for
5 display on a display davice, the display device comprising a
display screzen and pictnre elements having different luminance
rise and decay times and coperating at a frame period,
wherein the conversion is such that the second video signal
causes the luminance time response of & picture element of the
10 display device ts a change of tha first video signal fxom a first
amplitude value to a2 second amplitude value to have substantially
the szame ampliraude/time characteristic but reversed in slope
compared toe the Jluminance time response of the same or anmther
picture element of the sald display device to a change of the
15 frrst video sigmal from the said second amplitude value o the
said firsr ampl:itude value, the conversion step comprising
modifying ¢the luminance response time of the picture alement by
step~-wise formation of the second video signal.

20 2.- A method according to claim 1, wherein the said luminance Lime
rasponges are ko be substantially egual 3in amplitude and not
slower than the luminance response of the same or ancother pjcture
e’ament caused by the £irst vides signal displayed without
conversion.

3,~ A mathod according to ¢laim 1, wherein the said luminance =ime
responses ars to be substantially equal te predefined luminance
time zesponges.
30 4.- A method according to any of the preceding claims, wherein the
corregction sigmal is built up in consecutive staps during
corrasponding consecutive correction periods.

5.- A method according to claim 4, wherein at the start of a

35 correction pericd, for the determination of the next step, cne or
more ¢f the fcllowing parameters are taken into scgount ;
- the presant luminance af the picture elemant as predicted ac
the instant of the previous correction period,
- the present amplitude of the first video signal,

40 - the physical location of the picture element on the display
scraen,
- the present temperature at the location of the pictura slement.

Amended claims
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charnge of the first video signal.

3,- A method according to one @f the claims 1, 2, 4, &, 6 and 7,
wherekin the conversion of The first videc signal to the secend
20 videe signal 13 such that the luminance rasponse af a picture
elament oI the display sereen o a change of tie first wvideo
signal 1s te be accaleratad in order bte natch the luminance
respenge in time and amclitude b the kmown fastsr luminance
raspense of the same oz another pictuare element rfor the oppasite

25 change of the £irst video signal.

10.~ The methed according to any of the previous claims, comprising
the ste‘ps of:
- subtracting fzom the first video signal (33) a predictad
30 present luminance (FR), so as to obtaiz a differsncs value
(a) :
- detarmining a  Iirst corvaction walue (ACY and & second
sorrecTaon value (AR) from the diffarences vaine (4) ang the
predicted pressnt lumimance (FR}:

15 - adding the first correctica vwvalue (4C) apd £he predicted
present luminance {(FX), thus obtaining the secancd videco signal
{34} ;

- adding the secord correction value (AR} and the predicted
present luminancae [(FR), thus obtaining & next predizrtad

40 rresent luminance; and
- delaying the next predicted prasent luminanca, thus Fforming
the predicted present luminanca for a next correcticn perwod.

Amended claims
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- & processing bleck (22), having as input the cutput of the
subtracter and the predictad present luminance, and a3 outgut a
2irst and a second corresction value,

A - a first adder (37) for adding the first correction value of the
processing bleock (38) arnd the predicted present luminancs, thus
forming the second video signal {34},

- & seccnd adder for addiag the second correcticn value and the
_credit:éed present lumimanca, thus forming the next predicted

30 prasent luminance, .

- 2 one-Zzame pemory, for celaying the next pradictad present
luminance, taus forming the predicted present luminancaz for a
next corrscticon period.

Amended claims



