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Steve Sel by Andrew MacKi nnon 1. FIELD OF THE | NVENTI ON [ 0001] The invention
relates to display devices. More specifically, the invention describes a
met hod and apparatus for enhancing the appearance of notion on an LCD
panel di spl OVERVI EW [ 0002] Each pi xel of an LCD panel. can be directed
to assune a IKG@ (VIR DRIVE ASTOeCAIdBRATION APRARATUERAND, 255] where
a triplet of such pixels prOV|de$Ng@ﬁH pC and 1:3 conponents that make up
an arbitrary color which is updated eac frame tine, typically 1: 60 x' of
a second. The problemw th LCD pixels is that they respond sluggishly to
an i nput conmand in that the pixelgventdri:ve at their target values only
after several franmes have el apsed, and the resulting display artifacts --
"ghost” inmages of rapidly noving g@hgg are disconcerting. Ghosting
occurs when the response speed o? is not fast enough to keep up
with the frane rate. In this caseanﬁb FalgP¥i on from one pi xel value to
anot her cannot be attained within the desired tine frame since LCDs rely
on the ability of the liquid crystal to orient itself

BACKGROUND

L. FIELD OF THE INVENTION

[0001] The invention relates to display devices. More specifically, the invention
describes a method and apparatus for enhancing the appearance of motion on an LCD

panel display.

OVERVIEW

[0002] Each pixel of an LCD panel can be directed to assume a luminance value
discretized to the standard set {0, 1, 2, ..., 255] where a triplet of such pixels provides
the R, G, and B components that make up an arbitrary color which is updated each
frame time, typically 1/60™ of a second. The problem with LCD pixels is that they
respond sluggishly to an input command in that the pixels arrive at their target values
only after several frames have elapsed, and the resulting display artifacts — “ghost”
images of rapidly moving objects — are disconcerting. Ghosting occurs when the
response speed of the LCD is not fast enough to keep up with the frame rate. In this
case, the transition from one pixel value to another cannot be attained within the
desired time frame since LCDs rely on the ability of the liquid crystal to orient itself

under the ifluence of an electric field. Therefore, since the liquid crystal must



under the influence of an electric field. Therefore, since the liquid
crystal nust physically nove in order to change intensity, the viscous
nature of the liquid crystal material itself contributes to the appearance
of ghosting artifacts. 100031 In order to reduce and/or elimnate this
deterioration_in image quality, the LC response ti i s. reduced by
overdrivﬂ%@“@HénﬁﬂﬁéP095?&%@”§6%H“?ﬁﬁyﬂﬁeF&P@EﬂmﬂFﬁgFﬂwj mkerysel eached, or
al nost. reached, within a single frane period. In particular, by biasing

t he i nputateniat sgpdf @tributes todie gipeatantooiaghosting atifagesn pi xel val ue t hat
exceeds the target pixel value for the current frame, the transition

bet ween [d@@sﬁt arthiodderPb ¥&hucy Fhd/6r elitlateahig AbteHbie8bn Vidtnigzel @aBgCfleer at ed in
such a way that the pixel is driven to the target pixel value within the

desi gnat fr ri.od. V. e : IO I .clul ate the
over ar vECHrSRTe AR AR R Sk QB o PriotereEBHEN 2% e
appropriate overdrive pixel value that corresponds fo a start, target pixe
pai r. 100843 lsasededi Rostirgachpd, VOB 38ined ﬁ'@%‘? p%“‘?ftﬂ“é\?@?'cﬁfhrv@’ | ook up

table (or LUT) is used to remap S-bit values to the LCD panel in a current
f rame i nbiasidgthe inpuisypdiede bhe giveapsict fooam ovierdsimen Ipéxed value tpit ee¢eedaithge to t he
target pixel value. Since each panel has different physical )

char act efab & bb@! 9AME ot tRGcikrbdnt Iiiafie] the Grausitish betwes® te stareif@pixebviluge, each
panel nust be characterized to determ ne the proper transfer function to

be used ] I - b tically
per  or mst HaELpREl i B foteral g uBE R b bl MR B AT
calibration requifres over 80 separate surenents, manuyal . calibration is
ti me- conlitif w@ue'awa{ﬂnr%é@%sn%dt RoPeidh AHOEETAR AR & PEFienilyoo51
Therefore, what is required is a nethod, system and apparatus that

calculate the overdrive pixel value, an LCD overdrive table is used that provides the

appropriate overdrive pixel value that corresponds to a start, target pixel pair.

[0004] Accordingly, in an LCD controller, a LCD overdrive look up table (or
LUT) is used to remap &-bit values to the LCD panel in a current frame in order to
speed the transition from the start pixel value to the target pixel value. Since each
panel has different physical characteristics governing its liquid crystal element
response time, each panel must be characterized to determine the proper transfer
function to be used in the lookup table. In the absence of software that automatically
performs the calibration, it must be performed manually. Since the calibration
requires over 80 separate measurements, manual calibration is time-consuming and
fraught with potential for human error.

[0005] Therefore, what is required is a method, system, and apparatus that
automatically calibrates LCD panels and calculates the resultant calibration data used

in populating an LCD overdrive table.



automatically calibrates LCD panels and cal cul ates the resultant
calibration data used in populating an L([) overdrive table. SUMVARY OF
THE DI SCLOSURE [ 00061 What is provided is a nmethod, apparatus, and system
suitable for auto- calibrating a liquid crystal display (LCD) panel, In one

enbodi nent, the nmethod is carried out blx enerating, and displaying on the
LCD a test patch at a fiﬂw&!ﬂ_ﬁ!&w a first signal based

upon the test pattern at the first grey level, generating and displaying a
second t g6 p&llehisgiroaidsé sonmethoéyapperaals, agksysteat suigbkk feemdod si gnal  based

upon the test pattern at the second grey level, and calculating an entry to

an | tD dfePumver findiye _ﬁphﬁpla?@ﬁéﬁg pRen ihéhel dnfisddiaag, thBendigsoRd si gnal .
10007] In anot her enbodi nent, an auto-calibration system suitable for

aut omati cal.l al i brat.in . dgui d .S ) cri bed.
The syst%%‘?‘%gﬁltf}jd’e%engra 'BF ggfgglsﬁgfl’ag\ﬂﬁlo{l %g%gbglna %F\t calrt%%ar%(abﬁg Sig %ilegglzer at or
unit coupled to the LCD and the Processor Unit_arranged to generate and

di spl ay swmersiagladpstsignal baseddipen tha tes patler af thedirstgrey feyeb S8R pl ay on
the LCD 1-1 second test patch grey level at ,I first time slot and _P 1 at
a secondagt diyplhgvgh satond tee el at  seond gteylenddrgenamtingh sefontl lsegnpl ocessor
unit. The system also includes a photosensitive detector coupled'to the

prOcesS%as@@hﬁo@ff{e%ﬁ@%gtteﬁl%t Hﬁ%@é(ﬁfde%rﬁy foh 1S indbdAAtIRNG chnsesand si gnal
e

each based upon light received from first patch and the second patch,

SPect SR ST w0 SBR[l © L
[0007] In another embodiment, an anto-calibration system suitable for automatically
calibrating a liquid crystal display (LCD) is described. The system includes a
processor unit and an onscreen display generator unit coupled to the LCD and the
processor unit arranged to generate and display on the LCD a first test patch at a first
grey level at a first time slot and generate and display on the LCD a second test paich
at a second grey level at a second time slot under control of the processor unit. The
system also includes a photosensitive detector coupled to the processor unit arranged
to generate a first signal and a second signal each based upon light received from the
first patch and the second patch, respectively. The processor in turn calculates an
entry to an LCD overdrive table based upon the first and the second signal.
[0008] Computer program product for auto-calibration of a liquid crystal display
(LCD). The computer program product includes computer code for generating and
displaying on the LCD a test patch at a first grey level, computer code for generating a
first signal based upon the test pattern at the first grey level, computer code for

generating and displaying a second test patch at a second grey level, computer code

for generating a second signal based upon the test pattern at the second grey level,



100081 Conputer program product for auto-calibration of a liquid crystal
display (LCD), 'The conputer program product includes conputer code For
generating and displaying on the LCD a tecst patch at a first grey |level,
conputer code for generating a first signal based upon the test pattern at
the first gr e%/ | evel , conputer code for ]gener ating and di spl ayi ng a second
t est pat cAmakics cadaclonaalgplayng aveniry toemduile pverdtiee tablsy bagedhupert thadirst second
signal based upon the test pattern at the second grey | evel, conputer code
for cal cahdtliecngcanl @gial yantd@oamputsCiradviele tiddian fabi@itase domporr tod. f i r st

and the second signal, and conputer readable nediumfor storing the

conput er |6eg 1y yEORBRE: [elabmfmgp,ggﬁﬁrymfg%%g&@%pggfiﬁ%gggarﬁguﬂut omatically

calibrating a liquid crysta ose nmet hod is
performed b i spl ayj-hg.a,test tter n t LCO and aut omatically
popul at i G5 5h g@?%?’ Zrlb% 1% %Bﬁgseﬁla Iﬂeﬁg?fplts W&lqgf‘?ﬁ%f %ﬁ@amgg&esﬁat tern.
BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 shows an exenplary overdrive
tabl e. FPgterp ogibnsCR adautamalisatiy prrulatyig 4nmpyicedvisiettplg basedupon the
auto-calibration process In accordance with an enbodi nent of the

i nvent i odispkly& te3t sdtlews a fl owchart detailing a process for auto-
calibrating an LCD panel in accordance with an enbodi nent of the
invention. FIG 4 shows a particular inplenentation of the display test
pattern step of the process described with respect to FIG 3 above as a

process. FIG 5 that shows a particular inplenentation of the step 410 14G
6 illustrates an exenplary system enployed to I nplenent the Invention



DETAI LED DESCRI PTI ON OF SELECTED EMBODI MENTS [01) (11. 01 Reference will now
be made in detail to a particular enbodi nent of the Invention an exanple
of ~which is illustrated in the acconpanyi ng drawi ngs. Wile the invention
wi |l be described in conjunction with the particular enbodinent, it wll

be understood that it_is not intended to_|im Lhvention to the
described enbodi ment BREF %ﬁ&@ﬁﬁ?%@ﬁ%ﬁﬁ?@&wed to cover
alternatives, nodifications, and equivalents as nay be included within the
spirit and scidge lohowhen enusplaivoeveadrivigiblaed by the appended cl ai ns.
[00011] It should be noted that. even though the invention is described

W th respectriP 2ahsR8aisitemanhaslt fnphaydnfige an RICTRhutsicaBb@tiodlept h' ) of 8
b t, representative of -1-156 levels), the invention is also applicable to

enmbodi nent.s. havin i xel f i - -such as 10-bit pixels,
1000121 ORE31" ?(hcgr a@%“’s&’%tﬁ A r?lé“%té’@%‘?%l?fﬁ&"eh%ﬁg‘%ﬁﬁni S accurate
characterization of dit LCD panel's optical. response..An accurate nodel

al l ows the ovdfudishewga W@aﬂgé@l}l’n&t rQC%Fé%fiaélf‘RFﬂ@’r?tWﬁs to a given

pi xel thereby allowing a nore accurate selection of overdrive value and

pr edi ct geinpl nelkcudhuesyitiran embodjmcdt efrthetnyestierust  physically rotate and
thus its viscosity determ nes how quickly this rotation can take place. It

is the speed @G UhihswE Qlpafticanr iMplentaisgbiion €k difitay eSpanse stép etthef a gi ven
LCD panel. [000131 In order Lo inprove the performnce of slow LCD panel s,

ile oLl oLEROGENelihiEhCOoRIACh dhovd dslighoghar act eri zed by, for exampl e,

t aki ng series of  measurenents that sho at each pixel will do by the
end of one frPaI%? Sttilgt%hoég%%articular implementation of the step 410

FIG. 6 illustrates an exemplary system employed to implement the mnvention.



measurenents are taken for a representative pixel (or pixels) each being
initially at a starting pixel value s that is then commanded toward a

target value 1 (where s and | each take on integer values fromO to 255).
| f the pixel value actually attained in one frame time is p, there (1)

P=f(t.) [000141 where f is the one-frame pixel-res orﬁ function

cor r espondi ngRPETAJLED WMMMO%J rane pi xel
response funct i on_J., (t) for a pixel having a start pixel value s = 32
and a t aj0ge10jpi xel Rufatanec Wil nd®detale i detadmd g partiealeh cabpdizent ¢bthae p = 100
is represented as,/", x(19?) = 100. 1000151 For sl ow panels (where nost if

riot alli tangsts &ampRods Wech aaahafhedinithd ccdmblayiBg HiaWEgst UNBIE Ons 1('s)
and Y(s) give the m n| mum pi xel val ue and maxi num pi xel val ue, respective V

reaChab'ﬁ%ﬁ'ugvregggn LS bl RGOSR ?&p@ﬁlaldaﬁwm@axh T e for

curves p| ik res w e I nterval
[1(s), A4( , c%dtlon (1) is solvedfor th Hmfi &)ht produces pi xel
val ue prlef haigt tSH‘é’tW@F@Fjltﬁ’/émﬂi@%lnv\‘?ﬁ'il%t SQECSHPFC achi eve the goal
(i.e., pixel wvalue p) in one frame time. if p <r(s) then the overdrive

pi xel vadmisdisettaknthasontrayj ing iatehést toebf aralteumkives, ofod(fjcatmm,lﬁndr( s) bei ng
the best-effort result achieved. Likewse, if p::>;tl1 (s) then the

over dri Vg RlX&ks dsSmhpkemchRlch &iddbihe Wbt afdl sdopk obﬁiel”iﬁveritllbﬁ aBdsfinelf f ort

result. us, for a given start pixel s , overdrive function g, can be
defined l:l)))y th%%}?én'd%’é‘ clzaunallg.
[00011] It should be noted that even though the invention is described with

respect to a specific embodiment having a pixel bit size (or depth) of 8 bits
(representative of 256 levels), the invention is also applicable to embodiments having
pixels of other bit depths, such as 10-bit pixels.

[060012] One of the keys to the overdrive method is accurate characterization of
the LCD panel's optical response. An accurate model allows the overdrive to more
accurately predict the response to a given pixel thereby allowing a more accurate
selection of overdriven value and predicted pixel values. The liquid crystals must
physically rotate and thus its viscosity determines how quickly this rotation can take
place. It is the speed of this rotation that determines the response time of a given LCD
panel.

[00013] In order to improve the performance of slow LCD panels, the
performance of the LCD panel is first characterized by, for example, taking a series of
measurements that show what each pixel will do by the end of one frame time. Such
measurements are taken for a representative pixel (or pixels) each being initially at a

starting pixel value s that is then commanded toward a target value ¢ (where s and ¢



), p <n2(s) p>Ms) .P), in(s) < v ( [00016Jd In this way, the overdrive
pi xel value is effective in conpelling the pixel to reach its target val ue
in the non-saturation region and Ms) and in(s) iii. the saturation
re-lons S, T and S,,,, respectively. 1000171 Usi ng any of a nunber of
non-inertial approaches (i.e., one that ignores pixel velocjty) it is
possi bl ecach takeantiateger vareasdrany 8 te abhe 1f aixgh yake aplypllwaltgined iganeng  pi xel
and each target pixel, the command pixel that will nost-likely cause the
target MPaxetimedt ye, then be achi eved at the end of one franme time. In an

i deal case, the overdrive table is forned of a | ookup table with 256

col unms e for each starting pixel i }he range 0 to 255 and |i kew se 256
rows, one’for each possible target.“ F ver, it isn't practical to store a
tabl e of that size (256 x 256) so by sub-sanpling the pixel array at every
32" pi xejopoi4r exawhte,f, isihagne fraafeqriesiaesppasgftnction ¢@Bjespondingio{D, 32, 64,
96, 128, 160, 192, 224, 255; 100018] (in which. the last entry is truncated

to 255.) ller 9 S evel oped that_great| educe anount of
menor y a%HQB%%%BPE%FOﬁg?eFQEB T@QQB&%BHﬁﬁPé f%POP%H?P&‘WJ%ﬁéﬁgﬁch overdrive
table 100 configured in such a way- that a start: pixel is given by colum
/ and a Rixeldeving xwart pixel valug s S2ane wriangat mxed value £ = [ Goibaieanonlpy der to

t ake advantage of the overdrive table, an LCD panel's response tinme trust
be det ermadiedpixer vaite p eddl ieephesofited hef;¥ A2it= a0@ t ar get pi xel val ues

[00015] For slow panels (where most if not all targets can not be reached
within a frame time) functions m(s) and M(s) give the minimum pixel value and
maximum pixel value, respectively, reachable in one frame time as functions of s

that define maximum-effort curves. In order to reach a pixel value p that lies within
the interval [m(s), M (s)], equation (1) is solved for the argument that produces pixel
value p referred to as the overdrive pixel value that will achieve the goal (i.e., pixel
value p)in one frame time. If p <m(s), then the overdrive pixel value is taken as
having a best-effort value of 0, with m(s) being the best-effort result achieved.
Likewise, if p > M (s) then the overdrive pixel is taken to be 255, with M (s) being
the best-effort result. Thus, for a given start pixel s, overdrive function g, can be

defined by equation 2 as

0, p<m(s)
(2) g(p)=1 £7(p) m(s)S p<M(s)
255, p>M(s)
[00016] In this way, the overdrive pixel value is effective in compelling the

pixel to reach its target value in the non-saturation region and M(s) and m(s) in the

saturation regions Sy and S, respectively.



enunerated in the overdrive LUT. Therefore, an auto-calibration procedure
in accordance with the invention is hereinafter described suitable for use
wi th any nunber and kind of LCD panels. [000201 Accordingly, FIG 2 shows
a system 200 suitable for inplementing an LCD auto-calibration process in
accordance wth an enbodi nent of the invention. The system 200 includes a
phot osenl$861'402 colipingadny of anpinpere! mo4netak approaches(i.-cpPBY abignprest er ed
data to a capture card 206 that provides data to a conmputer 208. (It

shoul d bgix#lateritihiatis pdrsibiet @ers s0ovRARve@ablehkatahywaffoneanh miaetingf
commercially avail able photosensors such as the PDAS5 or the PDA500

manuf aCBHOV?aé\méaJh ée‘?gﬁcel tH@corH&aM?%@ﬂhaNﬂl hostIRLFOIRYUIR argd8, 1N

turn. an LCD controller unit 2 10 that is used to drive

i spl oy PR e e b Bontbf rodr bR Sl e oeglS, Mnea by

auto-calibration software 16 resident on the conp uter 208 and nedi ated by
the. LCDverdmiertableés fourmed of adoakup sadewethigao ﬁakugwsmétneéﬂ@%bé@ﬂmgc
enbodi mrent of the invention an (optical) synchronization signal is used

f or addipikeralthesipngho od pAt and liadvave2 HdwWseymnidr cadhepgshipkitemkt. (el ectri cal )
sync. signal. However, this optical sync is not strictly accessary and may

be omit tﬁgwb%h %@lsﬁhtlﬁaaétaﬁtol SMRL RN 8t th@ﬂs&@(bﬁé%z%) g@by bigb-gessigbed

enbodi nent e test pattern, takes the or m of nber of patches 214
each of an arbitrary &eve ul.d b | though the test
pattern'%gpgﬁ %ﬁ%é?ﬁaﬁas¥ any ex?ngf EQF%?E%%kﬁg %ﬂﬁ&uﬁ t he descri bed
enbodi ment, the various patches 214 are dlsgﬁ?ged gne at a. tine on the LCD
2121). Bherefore, for priasFad 160 1% MG 6% 22/&58Y st em 200 nust be abl e
to di splay each ‘

[00018] (in which the last entry is truncated to 255), a smaller9x9 is

developed that greatly reduces the amount of memory and computational resources

required at runtime. One such overdrive table 100 configured in such a way that a

start pixel is given by column ; and a target pixel by row i is shown in FIG. 1.

[00019] In order to take advantage of the overdrive table, an LCD panel’s
response time must be determined for at least each of the start and target pixel values
enumerated in the overdrive LUT. Therefore, an auto-calibration procedure in
accordance with the invention is hereinafter described suitable for use with any
number and kind of L.CD panels.

[00020] Accordingly, FIG. 2 shows a system 200 suitable for implementing an
LCD auto-calibration process in accordance with an embodiment of the invention.
The system 200 includes a photosensor 202 coupled to a filter 204 that in turn
provides filtered data to a capture card 206 that provides data to a computer 208. (It
should be noted that the photosensor 202 can be any of a number of commercially

available photosensors such as the PDAS5S or the PDAS00 manufactured by Thorlabs,



patch 2 14 (at an arbitrary grey level) per Qutput frame, with no frane
tear, frame drops, repeated franes, or other visible glitch". In
addition-, there should be a known I|atency (In frames) between the

i ssuance of a patch display conmand. and its actual (15 spl ay onlthe LCD
2112) thereby synchraoinizing the di splay and correspondi hg signa capture
by t%]e pﬁ g@h‘é&ﬂ“ >d)-2Th f[@%’@l%é‘lrzﬁ Snindiuirh grostidastdatago pailitiD egntrallensi t i ons
between grey levels of only slightly different values can be difficult to
di sti nguisih21® Het fsreee td drivdirchCDIE 2 befrgnalibiacsd. Ihatrescalibigtiohghknown f or
accurate nmeasurenent. In addition, the grey patch nust be able tO be

di spl ayedcat paRl I DaikpRYYa &stzl?an%ﬁfiz191%1&@%@@%&%%@%&&1 dlﬁi nce the
LCD 2 12 'Is addressed row by row, there’is tenporal Iag In the

n
gi ving rrag e hRTER S L 248 YPkEoh IR ARa g ol il bF IR, | o

waveform This snmearing is mtigated. h y reducing the vertical size of the
pat ch, heRIERPAIET Uik A1 Ak showdd e ﬂ@‘tefilﬂllatb‘éoqleafrpﬁélf@ Himen$ ofthsvi de suffi ci ent
light for the photosensor 202 to provide accurate nmeasurenment. 1In the

descri betvemodimfentical} ieskrooizapen siggalregsedrfensdditonal paichfoniiarient o reduce
snmearing vs. providing sufficient light output) is done dynam cally, since

di f f er engbovk GRS b tHE ﬁﬁ;@ﬁ@ncelédtm) slyﬁysllgﬁalozqeweeerﬂthvseé};@ap@mf‘ﬂl. so, the

position nust be dynam cally changeable to ensure the best correlation

o boqt meng R A0 RA Gl RN o8 ADR B ik B 1 the described

enbodi nent, an c
[00021] In the described embodiment, the test pattern takes the form of a

number of patches 214 each of an arbitrary grey level (it should be noted that although
the test pattern is shown schematically as 214-1 through 214-3, in the described
embodiment, the various patches 214 are displayed one at a time on the LCD 212).
Therefore, for proper LCD calibration, the systera 200 must be able to display each
patch 214 (at an arbitrary grey level) per output frame, with no frame tear, frame
drops, repeated frames, or other visible glitches. In addition, there should be a known
latency (in frames) between the issuance of a patch display command and its actual
display on the LCD 212 thereby synchronizing the display and corresponding signal
capture by the photosensor 202,

[00022] Since the starting point of transitions between grey levels of only
slightly different values can be difficult to distinguish, the frame in which the
transition starts must be known for accurate measurement. In addition, the grey patch
must be able to be displayed at an arbitrary size and position on the LCD 212. Since
the LCD 212 is addressed row by row, there is a small temporal lag in the transition
from one grey level to the next in pixels of different lines giving rise to a slight

temporal “smearing” of the transition waveform. This smearing is mitigated by



“generator 218 generates an OSD 220 forned of several "tiles" virtually
stored in a nenory 222 (such as SR -\M 222) that nedi ates between the size
of the patch to optimze inage snmearing and |ight output. Accordingly,
each tile is formed of a data structure that includes such information as

tile position and size, highlight position and size
t r ans pariepesndihervgrtmpl siak of he prteh ROTEVeR e RAtHMMBILRS nrgs eppygh qata in

SR M The tile data is a set of 1, 2, or 4 bit per pixel data, each
of whi ch toprevpandédieni Iighs famthe phewsdnsor2 (256 pesitidy acotate measikeperntabl e
(CLUT). In the described enbodinent, the CLUE is a 256 word structure

cont ai Ni PGp2a6cAFPbhb&RehS HeBdbompdin@WsqiRnaits, {hidbizPthrbiicecol ors to be
di spl aye@ Pn acrgg?ti cul ar OSD 220c.)m€én rlt%hecl 1currenplﬁly dezscrirbe(fe

i mpl i her.e. I b] es. ' i ng.
e activeenmrs Houguy TPl R B RS R SRS PO 0d

then be witten to without causing glitches on the LCD 212, Once the

pendi ng LCReMaveediffeient Jekddetsds ovsr apabenadca. fise e SR8 with t he
active CLUT. 100024] Since the auto-calibration procedure requires only
that a siynghscapigichingeableso shsungthedkstoneelation butiegr stsodiwhpaigied on t he
screen at atine. notile is stored in SDR-NN. The color index in command
SR I\ -1 ipdexes hbk&ethe ('LUT and fills the entire C)Sl1-) with that
color. Therefore, by filling up the C.UT with 256 gray levels, 10 ally

e R0, RS SR TP R B D L 3 o

be ¢ hanggGe?lelg¥or 2%%rgreggrgtoers] (31}1 I%%I?%(?‘ H)Erltn%é of iserzrega? %@dvi%m stored in a
memory 222 (such as SRAM 222} that mediates between the size of the patch to
optimize image smearing and light output. Accordingly, each tile is formed of a data
structure that includes such information as tile position and size, highlight position
and size, transparency/blend/blink information, and a pointer to the tile data in
SRAM. The tile data is a set of 1, 2, or 4 bit per pixel data, each of Which 1s expanded
into an index to a 256 entry color lookup table (CLUT). In the described
embodiment, the CLUT is a 256 word structure containing 256 24-bit colors that
allows for up to 256 24-bit colors to be displayed in a particular OSD 220. In the
currently described implementation, there are two lookup tables, one active and one
pending. The active CLUT is used for the displayed OSD while the pending CLUT
can then be written to without causing glitches on the LCD 212. Once the pending
CLUT has finished being updated, it can be switched with the active CLUT.
[00024] Since the auto-calibration procedure requires only that a single patch
consisting of one grey value be displayed on the screen at a time, no tile is stored in
SDRAM. The color index in command SRAM indexes into the CLUT and fills the

entire OSD with that color. Therefore, by filling up the CLUT with 256 gray levels,
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100025] It should be noted that while a particular test sequence is

runni ng, the. photosensor 2022 (placed in such a position to gather |ight
fromthe LCD panel 212) converts the LCD |ight output..generated by the
test patches 2)02 to a test signal St t. the signal S'" i | | is is
representative of the pixel transitions of the various test patterns

pri mari | §ucHapbyeticanrbe displayed guerly Py chrppnethesolpidndey inshacogamandal |y has a

frequency oil fhe order of just a fewtinmes the frame rate. In order to
reduce aBRAMSPIN &elddids, kire pabitionfand gheetizyofthe ©SD 2ikecsitlgndbngldhy is filtered
by the filter 204 having a conputer 208~ of approximately Il1d-1z. The

filtered@paiding ,gllgﬁlete&aﬁ%ggmmd StI@QM CLLPt Ul-e card 206 in preparation
for input to the a%to cal | bratlon sof|"~~ are'-2 16 oil the. Conpliter

L RN R R T e MU A

appropriate LCD overdrive tabl e val ues used to populate ail LCD overdrive
tabl e 22whotessas\2OgKplapeDnsyelh & Bpsiten tqgﬁtlﬂeril)gh&fyomdh%bﬁﬂmﬂnet PE2)1 ' M panel 2
12) during normal operation. It should be noted that each vertical refresh

rat e creamesrtathdiliGRiight outpspenaeted bytthetckiGlatdred 20081 a f2et sigred Syy.ed and
recorded separately. [00027] It should also be noted that since the LCD

opti cal TRSLHIS G }é?crsé’ntatWeqﬁ"tHe ik QRiRNk of IR vafibuLtlShatéiRW 89 and has
a w de acceptance angle |nto its ‘photor ecept or can cause neasuri ng

om enait SR omFSsARIraRR doe e ol ind kofn bofralPhasel T but also
frequency on the order of just a few times the frame rate. In order to reduce any
spurious high frequency noise, the signal S is filtered by the filter 204 having a
cutoff frequency of approximately 1kHz. The filtered signal is then sampled by the
capture card 206 in preparation for input to the auto-calibration software 216 on the
computer 208.
[00026] Once the appropriate measurements for the particular test sequence has
been received and processed, the computer 208 calculates appropriate 1.CD overdrive
table values used to populate an LCD overdrive table 224 used by the LCD controller
unit 210 to control the LCD panel 212 during normal operation. It should be noted
that each vertical refresh rate creates a different response in the LCD and must be
measured and recorded separately.
[00027] It should also be noted that since the LCD optical response can vary
widely from on-axis to off-axis viewing and has a wide acceptance angle into its
photoreceptor can cause measuring inaccuracies due to not only off-axis light from
the LCD itself but also from environmental ambient light such as overhead

fluorescent or sunlight. Therefore, an external collimator (not shown) may be
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fluorescent or sunlight. Therefore, an external collimtor (not shown) may
be | | desirable to elimnate off-axis light., however, the collimtor wll
al so reduce the total |ight sanpled and may thus reduce the

signal -to-noise ratio of the final sensor output. A method for
auto-calibrating an LCD panel in accordance with an enbodi nent of the

i nvent i ofesiiable tp @Wﬂmﬂt@ji)%@d%&lt aiovisVele tgrc@dlimyorwdk alsa redyee thgriotl
representing an initial set up process 300 (FTG 3), a panel response
measur enggiit sapiptudess B 0thfteducelihe aiptlalatogener atio ofj therfilaCinovesudpitve tabl e
process 500 (FTG 5). Accordingly, the initial set up process 300 by

initializing the diaspk@ydyr aﬁ@-éﬁiﬂrhtﬂ%[)érﬂ%ﬁ%ﬁel%%k!o‘ifdiatdc@@ndl% ce, or DAQ
devi ce, by checking that a Supported AQ device is connected to the PC. In

the descri B?gg}enpggthgﬁlﬁéghorb a1t1 govthbr L<‘:l stcﬁlss%d »Jlt}?l%gird?# kﬂe?) %&%ﬁ%' ce t he DAQ‘

properti gy reso I-on, I ed” out

device is reset to an_initial state at 302. Ne t at 304, parcel data is
read in TepFgsERLing amipgial seiaimapgesydtl ddGr 3 appp rraftpeasedye%ﬁ Fi%SAtng that the
m ni mum necessary (two) input channels exist, that the DAQ device has a.
sanpl e r peobustd00(FietAyaad agenantng b Dsverhivetttze ptasessai0dy1@f5)gai n
settings is ordered. In addition, a full screen grey patch with

RGB=( 255, 255, %Eééc)rdin%hﬁ'tl%hﬁ}’a@@ett@ prbdds BOEb PRl Batg thodishak byhe DAQ devi ce
that provides the bést resolution without over-saturation. In addition, the

synchr om 23l 20 LRl ROy 455l BOBNNERARRS chechpamlisthaborlye sped | e

rate; ecke ensur e he sensor voltage is

rel atively stabl e, Next at 308 a.sensor |t|o is found. Since each scan
line in Pﬁ@ deics i conpreiekiodhe E@q&éﬁl‘? d&F‘}rﬁ’ EALOGIRTLAJARITIIE, of ¢ he

optical sensor will determne the _
that lists the DAQ device properties (gain settings, bit resolution, etc.) is filled out and

the DAQ device is reset to an initial state at 302. Next at 304, panel data is read in
while at 306, the DAQ device is calibrated by verifying that the minimum necessary
(two) input channels exist, that the DAQ device has a sample resolution between 8
and 16 bits, and that the array of gain settings is ordered. In addition, a full screen
grey patch with RGB=(255,255,255) is displayed to find the gain setting for the DAQ
device that provides the best resolution without over-saturation. In addition, the
synchronization signal provided from the board is toggled at the specified rate; the
sync polarity is checked to ensure that the sensor voltage is relatively stable.

Next at 308, a sensor position is found. Since each scan line in the LCD is
addressed sequentially, the vertical position of the optical sensor will determine the
exact instant each step response transition measurement must start. This part of the
algorithm displays patches on the screen using an overlapping binary search to find
the sensor’s vertical position. In the described embodiment, patches with a vertical
height of one half that of the LCD screen is displayed. Three such patches are

measured, covering the top, bottom, and middle of the LCD panel. The patch with the
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exact instant each step response transition neasurenent nust start. This
part of the algorithmdisplays patches on the screen using an overlapping
bi nary search to find the sensors vertical position. In the described
enbodi ment, patches with a vertical Height of one halt that of the LCD
screen is displayed. Three such patches are neasured, covering the top,
bott om &HEMgRstieRticabrespaise isGheparhsiividathe thanett isrationt ¢reh bE whithroegest
optical response is then subdivided in the next iteration, each of which

uses patpetehss with halfaild vertieal ieight efthostaifghd prelicubasetieh. THEm B OUS
iteration. The mdpoint of the smallest patch Nvith a reasonabl e response

(above a defd medickiiahneid) rdatod spdns& WBFe b HbfnERRRhoid) %G hkdnC 2!
%e J% ay ghp tﬁe b |

m dpoint. US111- thiSlinet in s 'es frorn ertica

synchroni zatij.on signal to,the s or nildpoint is_c ul.ated and stored.
C%ce thet?ﬁ?PF§P“§g§VfF§flW§ﬁ§3ﬁgﬁgpgﬁn§ﬂgeBﬁﬂgw3ﬂ@gkgﬁ§ﬁsﬁ§p Fggghred a( 3
1 0. FIG 4 shows a process 400 that describes a particular inplenmentation
of the P¥nerticadsywhemimtionsignahierthe ssaermidpaing isi@lendased askiorsiove. At
4022, grey levels are neasmed bNLl di splavino and nmeasuring nultiple grey
pat ch valQuwes titcdngiehest apes eornpyletey thelpauelresponseinphasihred @l 31001 r espondence
curve (each grey level is sanpled nultiple tines to average out noise

effects). NexFI@t4 4ffvs Bprob&B 4D6 ARPASR ribss &Bﬁﬁb’ﬁlﬁlding}{?g%rﬁaﬁéd 8fxne t hrough

each conbi nation of steps, For exanple, a 9%9 coars e every 32 grey
| evei s),

Tvast AR REbIE el Rt A PR o B3 R eSS bet ween
a lower and higher -rev level; each gre | evel is displayed for a chosen
i mer | ofCRRER Q‘é displaying 8¢ meggyring Iﬁﬂ@ﬁ}i’fa&iw pach values to generate a grey

level to sample level correspondence curve (each grey level is sampled multiple times

lo average out noise effects). Next at 404, a step response is measured by iterating

through each combination of steps. For example, a 9x9 coarse table (every 32 grey

levels), requires 36 rising and 36 falling steps. Each iteration measures one rising and

one falling step. The panel alternates between a lower and higher grey level; each grey

level 1s displayed for a chosen number of frames, and each low to high and high to

low transition is repeated for a chosen number of times. The number of frames to

display a given grey level is usually set quite high (~40 frames) to allow the panel to

settle to the new grey level. Multiple repetitions of each step are measured to average

out noise effects. It should be noted that in the described embodiment, the DAQ

device returns the measured data to the characterization algorithm at 408 where each

set of data contains both the optical sensor data and the vertical sync data, which are

measured simultaneously. The measured data must conform to the following: the sync

data must contain the full leading and trailing edge of the first sync pulse, and the first

rising edge transition from the optical sensor must occur in the frame immediately

tollowing the first sync.
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JoONv transition is repeated f6r a chosen ntinber oftinmes. The nunber of
fi-ames to display a given -rev lc~vcl 1S Usually set quite IIl -11 (-40
frames) to a] lowthe pancl to ,settle to the 1llcw grey level. IN'lultiple
repetitions of cacli step are nicasured to average otit nolse effects. It
shoul d be noted that in the described enbodi ment, the DAQ CieviCe returns
t he measti r edlt datdd bonpted thyt shraughout tethensuegmgot propess, anuadsr off i ere each
set of data contains both the optical sensor data and the vertical ~y-nc

dat a, whirgh chédsks afegstarmed it indlidenhetlisg the pbheityebde et dgiA amihgt conf orm
to the followng: the sync clata F11LISL contain the fiflJ | eading and

traili n'ﬁr‘?p%ﬁg)?é %ﬂ@dcﬁiitreﬁ{tio 'ty HQIg%HL‘Iﬁ@ ’theas'%%l&tl_e%"'ﬁ:récﬁilﬂ 1?(%]%1 tl'fié Bt b nffme

transition fr e optical sensor Mist rane | m nedi ately

reasur enbite Bebt ot Myrend 0P pghot fdieeSdRampl RURBIAR | not uae

checking the polarity of the sync signal at the first. sanple of each

i t erati otarting heinpmwashe doseHe thaegsraspendiesler ¢labiminddeduning thomasms to t he
first condition above and at each transition. the sensor sanple at the
transitigey lestlakicprbopeiic stansip penicik dseoteaatdntatebduragpbadindgehex el
obt ai ned daring the neasure grey |levels step above. The starting point is

the one thaﬂlp@&&qu@wtﬂaa@aﬁmﬁ& 84S ANe! FafPskhdupd IRARAUASs ¢he t he
al gorithm setup above. Each neasured transition nust rise fromstart to

e tr aian el Rkt SHPuge g B0 o Bt ot A o ar g
measured by first calculating the corresgondin grey | evel  val ues of the
st ar t i ngdan frarpdemh gN e 448 dife dimespd d -9 @%039 #tare mypgiyed By rst
measurenents. Then, fromthe start of the first frane of

calculating the corresponding grey level values of the starting and ending percentages

based on the static grey level measurements. Then, from the start of the first frame of

the sequence, it compares the data to the starting and ending grey levels required in

order to calculate the number of samples in between. The number of samples is

translated into time in milliseconds to find the rise/fall times. Multiple repetitions of

each step are measured to average out noise effects. At 410, the grey levels are

measured again and at 412, the grey levels are compared since the grey level

measurements must be consistent from the first to the second set of measurements. If

they drift excessively, it could indicate insufficient panel warm up time, a sudden

change in the ambient light level, or similar effects which could seriously impair the

reliability of the measurements. At 414, the panel measurements are sent to a file.

It should be noted that optionally peak-to-peak one-frame step measurements
are performed by iterating through each combination of steps (36 rising and 36 falling

steps), displaying each grey level one frame at a time and measuring the peak-to-peak

voltage difference between the two grey levels. Each step is repeated 30 times to

14



t he sequence, it conpares the data to the starting and ending grey |levels
required in order to calculate the nunber of sanples in between. The
nunber of sanples is translated into tine in mlliseconds to find the rise
fall times. Multiple repetitions of each stop are treasured to average out
noi se effects. At 410, the grey levels are neasured again and at 412, the
grey | evetrsgane mosepadanstainte Ehheindgrayation aiplh be upgslaier Rergifst be
consistent fromthe first to the second set of neasurenents. |If they drift

excessi \gd yverlifiveQidakl-to-pealcatetts. nsuf fi ci ent panel warn up time, a sudden
change in the anbient light level, or simlar effects which could seriously

are sent 1o dt e LB o e P ek

are sent to at optionally peak-to-peak

one-frame step neasurenents e perforned Lieratl t hr each
conbi natPPB 8 asgﬁegl?gts(%‘%wfif’goﬁ[ée g‘ﬁ Oége Pﬁ?rﬁﬁ%h fﬁgt%tpésqbg e %%Fg&;‘“.t%g each
grey Level one franme at a tinme and neasuring the peak-to-peak voltaic c
di f f er enceeatidtomethe filnend eio>Qfracdeterativgtion 1EaeHe tagfprieach BHeHBYS P ti nes to
14 average out noise and instability. This information will be used | ater

t 0 compaageltresponfesabueteds M8 ppeakesponedakatnatdl(i.s.théL.GD &Gnsbiowacha pr ocess
500 f generating an overdrive table based upon the panel neasurenents

pr ovi dogh 8.8 of ) 8@y L OREE 8 1800 freyss30%n ibochanG] data i Tead

fromthe eternTnation s nade that for each transition

is th | r t Lf th . ' ted (i.e.
Lhe. LoD RaRIE o BBRE ee E et o ey rabal peoterRe B A B ey o or

grey 255), then at 506 the an extrapol ation along the | ine defined by the
sat ur at ibeforp giermatugsiépn prantbersby Breseving the linear interpolation in the area

between the saturated portion and the valid measurement portion creating a 10-bit
signed value, -512 to +511. On the other band, if the panel response is not saturated,
then at 508 the overdrive value is calculated by simple reverse linear interpolation and
in any case, at 510, the overdrive value is assigned to the overdrive table. At512,if
more measurcment data is available, then control is passed back to 502, otherwise the
process ends.

(00028} FIG. 6 illustrates a system 600 employed to implement the invention.
Computer system 600 is only an example of a graphics system in which the present
invention can be implemented. System 600 includes central processing unit (CPU)
610, random access memory (RAM) 620, read only memory (ROM) 625, one or more
peripherals 630, graphics controller 660, primary storage devices 640 and 650, and
digital display unit 670. CPUs 610 are also coupled to one or more input/output
devices 690 that may include, but are not limited to, devices such as, track balls, mice,
keyboards, microphones, touch-sensitive displays, transducer card readers, magnetic
or paper tape readers, tablets, styluses, voice or handwriting recognizers, or other

well-known input devices such as, of course, other computers. Graphics controller
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before the saturation point thereby preserving the |linear interpolation in
the area between. the saturated portion and the valid nmeasurenent portion
creating a 10-bit signed value, -512 to - 511. On the other hand, if the
panel response is not saturated, then. at 508 the overdrive value is

cal cul ated by sinple reverse linear interpolation and in any case, at 510,
t he over 899 g@neyaipiEnges da@sangr@é@ntea)quﬁ@gd\?%r@w venglapndprogides poth tpf  npre
measurenent data is available, then control is passed back to 502,

ot her w séigithedisglaporis §7@ntdke i 42QR8IcakING geheralel LSt eaingsle sbasyddbem 600

enpl oyed to inplenent the invention. Conputer system 600 is only an

exanpl e ?ifx'eﬁdﬁi ARBIVES HFIUPEEM A 10 IMHdE ah BReRRESRRHE (ﬂdﬂ!ﬁ‘é@ﬁ)@ﬁn 6gp be
i npl enented. System 600 includes central processing unit ('CPi 1) 610,

random acg mepory. (Rovi) .620. .read nmenor 1-1) .625, one or nore
bor | pher S goRaPRC B ptede Hats 5 Rrovidofidp R o R 0 ST Taft 889 cos 640 and
650, and, digital display unit 6-0. CPUs 610 are al so coupled to one or
mor e i npiiciudii BﬁtVsm@@n@ﬁgvvﬁm&aﬂweW%& hgart. hlpweyee indeuldite ted t o,
devi ces such as, track balls, mce, keyboards, m crophones,

t ouch- senslerstomd thasihe pysent inesasoocenlddearichplenddedwithigag, data and/opaper t ape
readers, tablets, styluses, voice or handwiting recogni zers, or other

wel | - knom@erkﬁu@tﬁ%aﬁs\ﬁhvo@&r&mm@sm&&aﬁ% fRageQalefanGRIBG Slso sighaPhi cs
controller 15 600 generates inmage data and a correspondi ng reféerence

si gnal , vi,de o ..digital display unit 6-170. The |inage data
can be gﬁ%?giggvd{,hEf(gorrpegégnr#ﬁlﬁ%t,lgﬁg%ftg%n%?f@&bli xel data received fromCPU 6 10
or fromail external encode (,not Shown). one enbodinment, the image

. hl ] .
data is WP8¥lded i Althersly sinadey smbphanenss of the presyt givgntion have been

described, it should be understood that the present invention might be embodied in
many other specific forms without departing from the spirit or the scope of the present
invention. The present examples are to be considered as illustrative and not
restrictive, and the invention is not to be limited to the details given herein, but may
be modified within the scope of the appended claims along with their full scope of
equivalents.

[00030] While this invention has been described in terms of a described
embodiment, there are alterations, permutations, and equivalents that fall within the
scope of this invention. It should also be noted that there are many alternative ways
of implementing both the process and apparatus of the present invention. It is
therefore intended that the invention be interpreted as including all such alterations,
permutations, and equivalents as fall within the true spirit and scope of the present

invention.
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i ncludes the VSYNc and HsyNc signals well known in the: ail. However, it
shoul d be understood that the present invention could be inplenented with
i mge, data and/or reference signals In other formats. For exanple, inmage
data can include, video signal data also with a corresponding tine
reference signal. 1000291 Although only a I menbodi nents of the present

i nventi on havk beeA methed pf puercalibraing preheverdid @bls e 2 digiid ahdalpr esent
invention mght be enbodied in many other specific fornms w thout departing
| _, fraisplbe(Ispby,icom@risinge scope of the present inventlon. The present
exanples are to be considered as illustrative and not restrictive, and the

i nvention is nob.4i9:08q ki dront he st pctoiiemsh@egidvel;but my Ln be
nodi fi ed vvith%l%}t 1egscopesmoa the appended cl ai ns al on%égvith their full

f ival ents..[0003 il hi.s_.I ti i bed i
Torme of a destroEs R DA e pRarE SretiiRs 8 MR OPRREE ot ana

equi valents that fall within the scope of this invention. It should al so
be noted t hat ganseatiagand dispinying a weent ievealdya 2 seeond @BeelsEsl i ng both (lie
process and apparatus of the present Invention. It is therefore. Intended
t hat the | nvegineaninge seodrelr gigral baked sipbm tHeuckit pgtterhlat thechcaldtgenteavelns,
permutations, and equivalents as fall within the true spirit and scope of
the presgpt 16 | A method of auto-calibrating a pixel overdrive table to a
liquid crystal display (LCD) conprising:

calculating an entry to the LCD overdrive table based upon the first and the

second signal.

2. The method as recited in claim 1, further comprising:
displaying a black background on the LCD; and
setting a test patch position and size with respect to a pre-selected LCD panel

reference point.

3. The method as recited in claim 2, further comprising:
replacing the test patch with a pattern of alternating grey patches; and

preceding each of the grey patches by an optical sync pulse.

4. The method as recited in claim 3, wherein the optical sync pulse
comprises:
transitioning from a grey level O to a grey level 255;

transistioning from the grey level 255 to the grey level 0; and
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generating and displaying on the LCD a test patch at a first grey |level;
generating a first signal based upon the test pattern at the first --rev |
generating and displaying a second test patch at a second grey |evel,
generating a second signal based Upon the test pattern at the second grey
| evel and calculating an entry to the LCD overdrive table based upon the
first and the d&BEYHYE el gy levgh en iha el pagelipes pemberpidiamen 1, furt her
conprising: displaying a black background on the LCD: and. setting a test
Pat ch posufficentlgrdowhzie leng te allespbe LCDopaeptosettl teck eslthelgthy lpasiel
reference point. 3. The nmethod as recited in claim2. further conprising:

repl aci ngetiiren HRSHMOBLKE aMd e PPt RN idfsi@dd ernating grey patches- and
precedi ng each of the grey patches by an optical sync pul se. The nethod. as

recited in claim3, wherein the optical sync pulse conprises transitioning
froma grey level O to a grey |level 255,- transitioning, fromthe grey
| evel 255 to the grey |level and displayi n% each grey level on the LCD panel
for a nunber of fraAWedteGrifhraiampsipneniviable fooautematicdly selirgtiesme LCD panel
to settle back to the grey level 0 between the sync pulse and the start of
a next t hamdictyson displayAhCaVt osro@isitgr at i on system suitable for automatically
calibrating a '
a processor unit;
an onscreen display generator unit coupled to the LCD and the processor unit
arranged to generate and display on the LCD a first test patch at a first grey level at a
first time slot and generate and display on the LCD a second test patch at a second
grey level at a second time slot under control of the processor unit;
a photosensitive detector electrically coupled to the processor unit arranged to
generate a first signal and a second signal each based upon light received from the
first patch and the second patch, respectively; and

calculating an entry to an LCD overdrive table based upon the first and the

second signal.

6. The system as recited in claim 5, wherein the OSD generator displays a
black background on the LCD panel and sets a test patch position and size with

respect to a pre-selected LCD panel reference point.
7. The system as recited in claim 6, further comprising:

an optical sync pulse generator coupled to the OSD generator wherein

the OSD generator replaces the test patch with a pattern of alternating grey
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liquid crystal display (LCD), conprising: a processor unit; an onscreen

di spl ay generator unit coupled to the LCD and the processor unit arranged
to generate and display on the LCD a first test patch at a first grey |evel
at a first tinme slot and generate and display on the LCD a second test
patch at a second ,trey level at a second tinme slot under control of the
processor uni patckespho possedesicarly of e metnsiches by eR pPpizgal §yIedWhiced to t he
processor unit arranged to generate a first signal and a second signal each

based upon | i gdiferdi@Cly thedpflicalmytidiulid gsierapmt ch and the second patch,
respectively., and calculating an entry to an LCD overdrive table based
upon the first and the second signal. C,. The systemas recited in claim
5; wherein the OSD generator displays a black background on the LCD panel

and sets a test patch position.apd si.ze,w.th.respe 0 - ected LCD
panel refer enge po&ﬁ‘f sy a%Vgit%cﬂﬁna"jalF’e%iv’f}EaﬂP Hp@(faglgﬁcé?ﬁf%e?‘ ﬁ%'r%r
conprising: an optical sync pulse generator coupled to the OQSD generat or
wher ei n geneet@She gpihe ammsrpwlsedivdeamsitopmet e 2 gEydRvakidiA 28Tpakver n of
alternating grey 18 patches and precedes each of the grey patches by an

optical B39gndmicBasganad dispthylny dable greptievehbn thelcCpphsd fgemeumbarol S, The
systemas recited in claim7, wherein optical sync pul se generator
frames sufficiently enough to long to allow the LCD panel to settle back to the grey

level O between the sync pulse and the start of a next transition.

9. Computer program product for auto-calibration of a liquid crystal
display (LLCD) panel, comprising:

computer code for generating and displaying on the LCD a test patch at a first
grey level;

computer code for generating a first signal based upon the test pattern at the

first grey level;

computer code for generating and displaying a second test patch at a second

arey level;

computer code for generating a second signal based upon the test pattern at the

second grey level;

computer code for calculating an entry to an LCD overdrive table based upon

the first and the second signal; and

computer readable medium for storing the computer code.
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generates the optical sync pulse by transitioning froma grey level 0 to a
grey level 2155 and back again and displaying each grey |level on the LCD
panel for a nunber of. franes sufficiently enough to long to allow the LCD
panel to settle back to the grey Ilevel 0 between the sync pul se and the
start of a next transition. 9. Conputer pro ran1product for

aut o- cal i bratlifen oTll%Cqudlﬁﬁ?fd)r@gf?%ltlﬁPducﬂP%{:ﬂcg Ddheher conpri si ng:
conput er code for generating and di splaying on the LCD a test patch at a
first goapriseigel ; conputer code for generating a first signal based upon
the test pattern at the first grey level; conputer- code for generating and

di splaying a g cb@§?or9ﬁ§p¢zﬂm?a§la§l@8 QRGround oheNe 1.€Peknd comput er code for
generating a second signal bas upon the test pattern at the second grey

boved uoonP oS ol For Gl b R BoSAbE Ynd Q2R BB Ay 12D €

based upon. able medi um
for storing the conputer code.. 19 0, The conputer progranlproduct as

reci t ed SelscerdiGR gandl gefersase PYiBhpri si ng: conputer code for displ aying a

bl ack background on the LCD; and conputer code for setting a test patch
position and size with respect to a pre-

11 The computer program product as recited in claim 10, further
comprising:

computer code for replacing the test patch with a pattern of alternating grey
patches; and

computer code for preceding each of the grey patches by an optical sync pulse.

12. The computer program product as recited in claim 11, wherein the
optical sync pulse comprises:

computer code for transitioning from a grey level 0 to a grey level 255;

computer code for transistioning from the grey level 255 to the grey level 0;
and

computer code for displaying each grey level on the LCD panel for a number
of frames sufficiently enough to long to allow the LCD panel to settle back to the grey

level 0 between the sync pulse and the start of a next transition.

13. A method of automatically calibrating a liquid crystal display (LCD),
comprising:

displaying a test pattern on the LCD; and

20



-sel ected LCD panel reference point. 11. The conputer program product as
recited in claim10, further conprising: conputer code for replacing the
test patch with a pattern of alternating grey patches: and conmputer code
for preceding each o ( the grey patches by an optical sync pul se. 12. The
conmput er program product as recited in claim n the optical sync
pul se conpri sesomeipapypepulatepan Q)Yer@rﬁ‘ﬁfﬁé'i’lﬁlbéﬁﬁddﬁ’oflrﬂéﬁr&éplﬁi’wef tevel 0 to a
grey level 255; conputer code for transistioning fromthe grey |evel 255
to the greyr. evel 0; and conputer code for displaying each grey |evel on
the LCD panel for a nunber of frames sufficiently enough to long to allow
the LCD panel to settle back to the grey |evel 0O between the sync pul se
and the start ofa next transition. A nmethod O automatically calibrating a
liquid crystal display (LCD), conprising: displaying a test pattern on the
LCD, and 20 automatically popul ating an overdrive table based upon the

di spl ayed test pattern. 21

21



