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Background
Multiple projection displays have been proposed and used for many years. In the
1950's, the “CINERAMA” system was developed for the film industry. The
CINERAMA system used three films to project three images using three separate
20  projectors, which were then combined to form a single panoramic image. Disneyland
continues to use a similar multiple projector system, wherein a circle of projectors shine
onto a screen that circles the wall of a round room.
In the video field, multiple projector systems have been proposed and used
for a number of specialty applications. U.S.Patent No. 4,103,435 to Herndon and
25  U.S.Patent No. 3,833,764 to Taylor suggest using multiple projector systems for
flight simulators. In many of these systems, multiple video screens are placed next to
each other to form a large tiled image display.
A difficulty with many of the video based multiple projector display systems
is that the multiple images often do not appear as one single continuous image on the
30  display screen. When multiple images are projected side-by-side and/ér top-to-

bottom on a single screen, there is normally a seam or overlapping region between
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artifacts. The same effects happen for white images, and for all images in between
20  black and white. Generally, the black and the white images may be conceptualized as
the upper and lower reference levels for constructing any image whose content spans
these two extremes.
The prior art, for example, in the Panoram tiled display resolved overlap
issues by requiring the display device to have a black reference level having very
25  low stray light. This needed CRTs, because CRTs have huge native contrast ratios
and deep black, several times darker than other common display media such as LCD
projectors and DMD projectors. While the deep-dark display or CRT-only
architecture might work well for many applications, it fails to meet requirements
found in the cinematic, medical and other industries demanding high image quality
30  and performance. In these high performance applications, the contrast ratio »
requirements often exceed 1000:1. The cinema industry generally requires 1500:1,
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2 WD 02/19704 PCT/USOL/ 27002 and the nedical industry generally requires
di splays for digital radiography having contrast ratios in the range of
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What is desired is a fall-off in intensity of black and white levels such that
the superposed images produce a uniform luminance from center to edges, including
20  the overlapped regions of the projected image. In practice, such an ideal luminance
profile is difficult to achieve, as the displays generally exhibit a fall-off in intensity
from the center of a displayed image to its edges. To attain a uniform, center to edge
luminance profile requires clipping the display’s native intensity at display center
and elsewhere to the same value as at the edges. Unfortunately, this will result in the
25  loss of the display’s native brightness and will significantly reduce the power to
image brightness conversion efficiency of the system. Another method based on
insensitivity of human vision to low spatial frequency changes is to allow a fall-off
of the luminance profile near the edges of the tiled image. In theory, such profiles
can be achieved electronically by adjusting the video going into each display. The
30 corrective functions can be multiplied by the image content and will result in a

uniform output over much of the gray scales to be rendered. However, the closer the
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30 corrective functions can be multiplied by the i mge content and w |
result in a uniformoutput over nuch of the gray scales to be rendered.
However, whex/cd7eser the 3 WO 02/ 19704 PCT/ US01/ 27002 i npOT/USeMZRye02
approaches the black state, the nore the actual deviates fromthe ideal
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al, suggest using an ogptical function generator to. generate a spati al
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formation io path of each of the displays to produce a seamess tiled
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general | y change e | um nance characteristics around the edges of the
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cal i bration ppLe@sssancd BEMRIYrSjectoRemE/or StiRr REEMatdterddid dHangd dver BimeaToEL hod
and apparatus to calibrate til'ed displays including spatial filters in

t heir proj ect overcomk sluis prabderm eomimoglypassigned pendirigqmidnd agplivatiensde & hengbt hod
and appar at us

hat equi.r es | ot of . nenpr nd .hardware. to.calibrate the

Tl ed g spl aydb Seests %Ptbo ot apiceEs i Gbtats A PRISREb Gt BB p8: hoo
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i nproved processing speed to produce 'a high-resolution tiled inmage.
Summary of t heehdiugpatentapplication does not lend itself to calibrate the tiled displays

including spatial filters in their projectors because the spatial filters generally change

the luminance characteristics around the edges of the display. This can affect the

displaying of a template used in the calibration process. Therefore, there is a need in

20 the art for a method and apparatus to calibrate tiled displays including spatial filters
in their projectors.
Also, the pending patent applications disclose a method and apparatus that
requires a lot of memory and hardware to calibrate the tiled displays. Therefore,
there is also a need in the art for a method and apparatus that requires less memory,

25  less hardware, and has an improved processing speed to produce a high-resolution

tiled image.

Summary of the Invention

30 According to one aspect of the present invention, a method of célibrating a
seamless tiled display image having multiple overlapping discrete images produced
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30 According to one aspect of the present invention, a method of
calibrating a seamess tiled display imge having nmultiple overl appi ng
di scret e woayewopr oduced 4 WO 02/ 19704 PCT/ US01/ 27002 bpcmukewhe

di spl ays generates a di splay-to-screen spatial transformation function to
reduce one or_nore_ undesirabl e geonetric projector characteristics, for

each of the PY8] 15fi'gsplfé@aenera%%%dlﬁwlﬁﬁéab-ﬁﬁr%em spptial fropsiopppiinn YeHidPes a
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requires ipnputsj Lah-r i J ] i | i recessor
to form tﬂe %1}14@@3&?#%2% e&%?ﬁtggf %%3%?6#2%%{h§egﬁgﬁ ﬁ\lgygteﬁeﬂfenput ted
hi gh 10 resol eyl refEigs deferbign tpakiebiuini@es triwseth idn dindioh &yr dfectivages
used in the tiled di splrg%/). The nmethod requires pre-warping the segnented
tiled i mges aelongplithetiondos packhp! the dsmlecimagenin the tiladghismer fhe msthodunct i on

t d th : desi.r.abl i ' i stics.
The. method 1 euELCET Grput HiteR RePlul] e okt gl BlaypRielh | ot oo
transfor mat i oforhiipetil@Nintageeartthe aiedldiepldy, endeyzprdtidtheagasdhiptef f ecti vel y

blend colors in the tiled display imges. Oher aspects of the invention
will be appar essolusionriesagk tocforth sildddmages heged eeempnrastolideneey yed dnthefiledhe

i nvention and Vi ew th raw.ngs that.farma part,..thereof. .20 .Brief
Descri ption othPf?é(- Jit]ﬁ% eﬁ’@_g rgquw?greiw?@mgqé% ﬁeegi‘?gqnlgeéi t&?@g?%ﬁ%s gﬁggnthneg a tiled
di spl ay syst epdisgtolsereeR kpdtaplrinsiifdiiof RRICALE tPreiue Y oh¥er mbfeay Of i mages
according to the present invention. Figure 2 illustrates a fl ow di agram of

an el ect roni c undésirbblatgeomeicqueisstof dhrarasteriztics daainethpd tefeigesd@pppyingAlsy st em

according to the present i.nvention. Figure 3 illustrate f | ow di agr am of
generating a é‘?:‘?ﬁé‘tp?_rf&t%%e- _ hglr']ém]é’baé’f:? EF‘“&?WI\@P&‘?‘?&PP&ea}cﬁnogtﬂ?eo?{eh“é%%%di ng to
the preseqt i nyenlsiR i@ Bledl ¢d1bd$h IRURS] dsplbPhhsbedgr am of generating a
di spl ay-to-screen spati al )
Other aspects of the invention will be apparent on reading the following
detailed description of the invention and viewing the drawings that form a part

thereof.

20

Brief Description of the Drawings

Figure 1 is a schematic diagram showing a tiled display system used to calibrate
and generate a two by two array of images according to the present invention.
Figure 2 illustrates a flow diagram of an electronic calibration process for a
25  seamless tiled display system according to the present invention.
Figure 3 illustrates a flow diagram of generating a screen-to-camera spatial
transformation function according to the present invention.
Figure 4 illustrates a flow diagram of generating a display-to-screen spatial
transformation function according to the present invention.
30 Figure 5 illustrates a flow diagram of generating a spatial-luminance
transformation function according to the present invention.
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transformation function according to the present invention. 30 Figure 5
illustrates a flow diagram of generating a spatial-Ium nance

t ransf or ve®@ bow7buncti on according to the present inventi oPCT/HSMD70®2/ 19704
PCT/ US01/ 27002 Figure 6 illustrat es a nine by nine dot pattern used in
geonetric distortign cal.jbration.. ur.e 7 strates a resul tj dot
pattern when usi nglg’zg“?pgtllhéﬁtr qsl"{’é]rne Hhe |dﬁ{a§%tg ﬁ‘ﬁ{f} gﬁorgejp dbsftcc’l‘f[
display. 5 Fi gyfigaifnl | | ustrates one enbodi nent of a block diagram of a
tiled display processor used in the systemof Figure 1. Figure 9 is a

bl ock diagramill uEtgmaet? filystrates cmuiliingaddt pattqun wihes 8sing & spaiiahigitar go arhisnage
present i nven%| on, Ee ar;%i‘gd Description In the follow ng detail ed

descri ption P%‘hE%t jod t %% the acconmpanying draw ngs, which form a
part hereof, and ip W\M)Ei (o) f I r

enbodi rrent S in whic ghlnh%rea?\étgi%ﬁné %Mé'i/ S@a%i;%ggb?q{ &Ii%égsagl %ﬁggfé?c{rrg% lél are
described in pmtéssmmﬂuﬂdteesiyktemmf@fr@inéé those skilled in the art to
practice the inventjon, lﬂq(é obeude toqd that the rrbod ment s
may be conbi ned oplglﬁea? 15& 8¢ 1%%?6‘6‘(1 IPFéWPEg ﬁbr@r{lf’q‘ Pri)éﬁﬁséﬁ%?r&ﬁﬁﬁo he
structural, }9% @eﬂﬂ glectrical changes may be made without departing
fromthe spir and scope of the present invention. The follow ng detailed
description is, therefore, not to be taken in a limting sense, and the
scope of the present invention is defined by the appended clainms and their
equi val ent®. 20 This docunment desc d tigher things, a nethod and
an apparatus for e I r | ay
systemto reduce ggtbﬁlng&?’) mc):‘g adg aﬁ §ﬁggcggh&\kfe}g%ﬁkésig?tége%g%%{bc%ﬁ%lr"%%g)a%'yﬁl@
proj ect or - t 0- gEERE, aﬂﬁcmmr@fa@mtmfebfmdtm wigith écshoral By Iwagnaf itlosteationi n
the display inmages of the tiled dlspl ay. 25 Figure 1 is a schenmatic di agram
i 1 lustrating geasticambpdsgenipip vdrchdhe myertiongpy bepsactissd. wERese embedimenit aisn
one enbodi nent, of. a til 0 |

"nvent i on. "oy SegripEot it 2Bt FEBLG I RIRATE U Ao o PR SEGA
projectings and it is to be understood that the embodiments may be combined, or that other

embodiments may be utilized and that structural, logical and electrical changes may be
made without departing from the spirit and scope of the present invention. The
following detailed description is, therefore, not to be taken in a limiting sense, and the

scope of the present invention is defined by the appended claims and their equivalents.

20
This document describes, among other things, a method and an apparatus for
performing an electronic calibration on a tiled display system to reduce geometric
distortion between screen-to-camera and projector-to-screen and color distortion to
effectively blend colors in the display images of the tiled display.
25 Figure 1 is a schematic diagram illustrating generally by way of example, but

not by way of limitation, one embodiment of a tiled display system 100 according to the
present invention. System 100 includes a two-by-two array of projectors 120 projecting
images on to a display screen 110. Each of the two-by-two arrays of projectors 120
includes a spatial filter 160 to produce a seamless tiled display image on to the screen
30  110. The spatial filter 160 includes a spatial gradient profile to produce a seamless tiled
display image. Spatial filter 160 can be disposed anywhere in an image formation path
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i mges on to a display screen 110. Each of the two-by-two arrays of
projectors 120 includes a spatial filter 160 to produce a seamess tiled
di spl ay iwagz1om to the screen 30 110. The spatial filterrPdBOSévrbazdes a
spatial gradient profile to produce a seamess tiled display imge.

Spatial filtey 160 ca i sposed an ere in [ e for i 0 th 6
VD 02 19704 PREHTEEEED A S MRRDGIGE AN PETCLR 100ATD G RTea by SRRers
proj ectors 12@3@@%%&3% &Fd §18 diki Ry pREREETAD. Il G drfbdaRtaltSchnics B30 dan e
di spl ay processor 140. In one enbodi ment, camera 130 can be one or nore

caneras. |n tbee aysoremat@Bsshown in Figure 1, the projectors 120 are
arranged so that the, 5 inma di spl ayed the.scre have rough imlar
si ze, overlap 150 _g‘n%‘e ﬁYﬁtﬁnﬁg{?&S@B"é‘tmygﬁ? g’%? Pli%‘?‘f.%fiaﬁﬁb?rswe‘}gegﬁ? byaﬁé‘ﬁpal
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di spl ay i mage, as to be further” calibrated before the inmages
are sent to tsytihldistertionr Gayeralty, thiojrantad ceard®8djuskniest is ghickaad easy. Inorder

generally a fine adjustnment _to the projectors 120 and the c ra,130. This
i's general |y trchic¥eapranles il dispiavigage captoEiags Artio OgifiuHients R
projectors 120 . PR b %@a{w : he BUE b it 1
el ectronic ca |66§1§%§S§iriile %%19%0 a|tl)%ﬁﬁ)t e tlf%gél]g‘?%%geg' on Qétq%ga%crlegﬁmialg,
blend til ed i aef)es agjasurens 36 \thé pocjectons 120 edd i thegentera 480t fbis tsi gewraliynage,
and to reduce any | um nance and chrom ngnce variations inevitably |eft

behi nd  bi0 t haccopmlishedarflping syl ecitomisealibrtion on dlee projectoss helk s¢rpfre! {0pnd
partially cal i;hr t i i . ]Fw hE ¥i ical
conmponent s i nh%acgﬁl G ﬁf%hgh%ﬁgr%%togl}%péi%,o ﬁi}ét% Eﬁ%&‘g‘gﬁ?f% y f;hihejﬁgrg? Q%Soo(ﬁti me,
tenperat ure agd Rtdkarl 1vablead tivdsimagek saagleRyy toarae tited imdge tadinotiemeiud
process inpractical to inplenment. The tiled display, system 100 shown, in

Figure 1, aut snese aud foyreduseiapy hieinance gne plomirgnge paaroge wexitaly Jeftheling; | o

di spl ay using,_i,nage processi hp . I: . 0 012 1S
. T1 ow i agr af {1 EEF AAPRg NG S e, R ObRE S PSRN cabihald fifed” [ 2
calibration o aisglatyisyﬁanclioe Pyavodifysieesptical (ungrbuests in sardf éssprojecoes it i ay

i mage. Method 200 includes determ ning a screen-to-canera spati al

transf or mat i ofs geheraby peyeck totimesjteypasatarejand gher sariationsn @#@ﬂﬁgwoz&ss nggual

IR e T e
Di spl ayi ng t hgjRredehesmtaty tRPita, 8ol afiGiruvides a seamless tiled display using
image processing techniques described below.

20 Figure 2 is a flow diagram illustrating generally a method 200 of doing an
electronic calibration on a tiled display system to produce a seamless tiled display
image. Method 200 includes determining a screen-to-camera spatial transformation
function 210. Figure 3 illustrates one method 210 of determining a screen-to-camera
spatial transformation function. Method 210 includes displaying a predetermined

25  template on to the screen 310. Displaying the predetermined template can include
disposing a physical predetermined template on to the screen. Alternatively, displaying
the predetermined template can be achieved by generating the predetermined template
by the tiled display processor and displaying on the screen. In this embodiment, the
predetermined template is a dot pattern such as a 9 X 9 dot pattern 600 as shown in

30 Figure 6. The next steps 320 and 330 include capturing the image of the displayed

predetermined template using a camera and determining to see whether the captured

7



di sposi ng a physical predeterm ned tenplate on to the screen.
Alternatively, displaying the predeterm ned tenplate can be achi eved by
generati mohe7pr edetermined tenplate by the tiled di spl pBgT/psacseor and
di splaying on the screen. In this enbodinment, the predetermned tenplate

is a dot patt : : i 1 6.
The next st epgﬁ%egﬁg%8Qg%%oﬁen‘édgsdga%}:ea%ﬁftrr?ﬁgh%%’%sﬁg’ség@go P gétgl spi %/tgd
pr edet er m nedséeewhéthércthe Shpigred ifage has andod@bay imdekinglé cariere chhnatissstidshe

captured 7 WD Q2/19704 PCT/USO01/ 27002 i.mage has one qr nore undesirable
camera char acfies inchules yprapaingdhe papiwied impgs o predeteraungthexpseled tepgplate

capt ured | o, A% Ag YndRE N SERRD G B! A NAAGH SROR! LSl hoT

i ncl udes conparing e capture term ned expecte

to detern ne vhehdedsticheTieamixvsRp 3U0REE vhslctibR00RE the predbRrminge senisiilee S
characteristics. The next step 340 can include renoving the predeterm ned
tenpl ate froforhthessrasen Thamexindsn 389 dyrlals seperpiiekg sgeesetercingraspatial

scr een- t o- Cangy &SR Al fndifof R4 RIBE Lk u0g LA hiAt CanbR ARRLIA! © 2

captured i mag € 0onec®or nore undesirabl e

camera char act&fcs tHeGhe oPhfdie diddsiriblé BAndth QRA8Geréiisdet erm nes a
di spl ay-to-screen spatial 10 transformation function using the previously

dle]term' ned screen- Stepc22€r an sihat prdcesst (280s fdeterminedna f display-dnsaeen Petddre 4
illustrat one nethod 220 of determning the, display-to-screen spati.al
{rans or i o SPURERIGR. SFREh U HE NS BT, deShiRed SeteRy 5 T, P
filter anywheignfBrmddtionTaaQionatln. PRAVES NIdsheeP bRE BRI BObldR gL thet O
nodul ate |ight to produce the seanliess tiled display 410. The next step 420

i ncl udes 15 didisplagtbssgrean spatisbtrarsformafipn §mcpen ddicenatherb2R( inglgdesodisnposing
screen using a proj.ector. The .proj.ector n _be ope or. nore pr.ojectors and
the canera caft %@tlgr@%ﬂi @Wg%reégﬁﬂylﬁ’@.ge Pﬁt%a]?qwgene{j’ﬁrpﬁw@?tof ﬁlé&)#?ér Yyreen 1o
predet erm ned i JRGge lightdo gf&ﬂ@é Bl be AR s Eled RRIET N 0SPREOnSE stepU20%nSudiat
pattern 600 shown In Figure 6. The subset of thé first predePerm ned i mage

can be al¥ Xdipthyingpastibsat of 7 6t predetarniined-ingage en 7o a Ftreen usinghugrojegtor Hhe

application of a spatial 20 |um nance profile on to the spatial filt to
produce a s eaﬁf(@%féortqa@a Off grpqnggf;_prqjﬁ%toﬁéggfl thescla@ﬁraccéﬁtbfi PeP EHQO%W% he

s cen Lo A EAA e SISO IS RO R R
the partial |y 3D dpi mytech 600rshowp ireFigtieraaiThe shtiseteg ¢ha firsngedetarmimadamaghennex t
be a 7 X 7 dot pattern 700 shown in Figure 7. This is due to the application of a spatial
20  luminance profile on to the spatial filter to produce a seamless tiled display. The next
step can include applying the screen-to-camera spatial transformation function to correct
the captured image for screen-to-camera geometric. The next step 430 includes
capturing the partially displayed first predetermined image using a camera. The next
step 440 includes generating the rest of the first predetermined image not displayed on
25  the screen due to the inclusion of the spatial filter between the projector and the screen.
Generating the rest of the first predetermined image can include using an extrapolation
function to generate edge dots of the 9 X 9 dot pattern not displayed due to the spatial
filter in the image path between the projector and the screen. The extrapolating function
can be a least squares fit of a polynomial function. The extrapolating function to
30 generate the edge dots can be based on functions such as a quadraﬁc or a higher order

polynomial function, or a cubic-spline function. The captured subset of the first
8



step 440 includes generating the rest of the first predeterm ned i mage not
di spl ayed on 25 the screen due to the inclusion of the spatial filter

bet ween tWeoptopector and the screen. Cenerating the respCDUSe0G2 r st
predet erm ned i mage can include using an extrapolation function to

gener ate edge ; . do '

spatial fil tg%ﬁ%t%rﬂ?:&xg& ikﬁﬁn%%ee?égg? h arél]. ﬁm%%ﬁﬁt?ﬁgg erOJkazgdt gérﬁaﬁg’lf?%%a&g%:?@gﬁ. The
ext rapol at i ngpfedaetrhined image teoan heasipositpuaths fifst predbteanpiel ymags 480. The
function. The extrapol at] ng function to 30 generate the edge dots can be

based on funcBfEn¥erRdéR Bsludes dateratying srhetichthhdpresdd eprppiey plb fca first

function, or L.C-spl i fyncti o »y 8
WO 02/ 19704 P@Fﬁ%%ﬁ?%@db%%ep}k%dgee?ﬁilﬁe Iﬁﬁn%tgsgg}ﬁg @E&%@oﬁ%ﬁﬁ%&s’%{ %S,t he
gener at ed Por toparbig thdorhes firspprel i@ migddgagevith agiedetthgiiel oxpgeotativm The
conposite of the first predeterm ned ima?e 450. The , next step 460 includes
det er ni ni ng whettisEap 479enelsdepgenensiing 8 displayrtotsprsen spadial trapsdormadippificgionnage
has one or nore,undesir | : ISt i he
formed first Bruta o wensuts ALOREC R SRR SLEn e P RAL e

next step 470pfc?'&ﬂtdi@ﬁ&a@t@1ﬁ@k§fﬂh6@1@t didspbigial iOprécaserusmgahd d@bplay-to-screen
transformation function that can be applied to an input video signal of

t he proj ect or spasia} treusfermation fivasionrtamrevidp pojist rarsianied depwrvideq signaltpe

i nput vid sigpal .is processed.usi t he di spl ay-to- i.al

t ransf or ITEQI oﬁ%ﬁ‘ﬁg{eio ¥ gy Wflﬁérag@fﬂr@g?tg’f ?kgalr\s %‘%rs?%%%%hﬁgsu S\%/’ ?gé‘soﬁlsl?%nal
to 10 reduce YbRnRMELIdREéRs$NE R Berdb&utdd pHridaicany.characteri stics. The
steps of capturing, determ ning and processing can be repeated

periodical ly. The Adbstnest siop 230 inrthe peoqssndee és odeternipe adenatiphiugenance

ool brati on | BRGOprAON P Sy PeovidiRE o alreuire o8P s ok Bar Fleferghingtes ! ©f
spatial |um ngpe %&ﬁﬁ%@éf@t#ﬁﬁmﬁgﬂﬁé §pifial TUREndie TRIBREM AR funstist] ehet he

step 510 of sequentially displaying flat field inmges of varying ]
intensiti s usatigpd236 inchades e stdpess IProfsepeuiadly dspthying flah Geldiimages @f spyEg

system Sequentially displaying flat field,i i ncl.udes, di spl ayi flat
field inmages USRS UL BhyO EBIOJ??}qrﬁ’ésregln@ﬂ%gﬁesd ﬁm‘%‘/ %F‘F?iesg‘iﬂex%a?%y
scales. In an - LB HaeesSRAHASR digdying St Sl Biniaaes ful:8d, chéepladd bimaes
of varying i n;a?la gﬁr}%ﬂl:gggﬁ urthe edefi nes 18ngla%ngscal e | evae@I s1 of at 20 field

i mages of var yringuy nobmsivitleslifferant graguscaleng Iisiagntier tehbodimemt.e sgpretially t he
-?—ﬁfel Eggt g{ 2%@?3%%1%51{59\{%'61% h%];gés% vary]]c | antg ilgtggslitgeslﬁ%%’eﬁﬁef%es \élaatry%lcﬂg lelvglts %P ﬁétt I €s.

20 field images of varying intensities, and inputting signal that correspond to the defined

gray scale levels of the flat field images of varying intensities. The next steps 520 and
530 in determining the spatial luminance transformation function include capturing
displayed flat field images of varying intensities using the camera used in the tiled
display system, and normalizing the captured flat field images with respect to the
25  highest and lowest flat field images. The captured flat field images of varying intensities
can be corrected for screen-to-camera distortion by applying the screen-to-camera
spatial transformation function. Normalizing the captured flat field images can further
include geometrically warping back the flat field images to a rectangular coordinate
system using the display-to-screen spatial transformation function, with a camera
30  measured luminance as L(x,) at a pixel position x and y. The gray level and the camera
luminance are normalized with respect to their highest and lowest values. In one

9



530 in determning the spatial |um nance transformation function include
capturing displayed flat field inmges of varying intensities using the
canmera usedorm7dhe tiled display system and normalizi ngp¢h@seizgioerr ed fl at
field images with respect to the 25 highest and | owest flat field inages.
The captured flat _field inmages of varying intensities can be corrected for

scr een- t o- cangpbodiment theihbgheph and dowwost grpyispale ¥elpeseae £63 anthigrraspestyigly. dibe
transformatio J the captured flat field i mages can
further incl%ﬁqug%ﬁ&g&%egﬁ@d&lg%%ng back the flat field imges to a
rectangul ar coordinate system using the display-to-screen spati al
transformation function, wth a canera 30 neasured |um nance as L(x,y) at a
pi xel ‘position x and y. ;Thear al(h #yeLudaedV he canera | uninance are

normal i zed with respect £& % het&ax@,gpe%m(apﬁi) | owest values. In one 9 WO
02/ 19704 PCT/ US01/ 27002 enbodi nent, the highest and | owest gray scale

val ues ares 25@haRdL 0, (xf PECL ] (8] y)-arelihe lufilaRdeecaptifed anDe . =2 330inde]. iThed as
L(x~Y) = L(x,Y)-Lm"(ax,Y% LmaX (X, Y) - Lmin (x, Y) 5 where LnaX (x, y) and
Ln;,, (X, Y) féréhaliBgtidnU FtdRasic sinlifies! s aoribm anll ean?b&coafifodite Thempler
normal i zati on process sinplifies the algorithmand can accommbdate a

si npl er har dgrdwangelssign for gliffererticelos Aepthsoiush asiihemdd bitsc hhemormaligitionglsg; ¢ s,

The normalization, al so _separates fast varyin o] ent i.ght
source, a |i gﬁipafaﬁ‘?se%ftaf%?’% rcoglpoélgﬁtgesﬁlg ra_Xfar g%]?t S%m(;ﬁ) y%vg yﬁ%%gg%mnggllnlgpt s
such as non- ugidderdsr! it sy evartiflg t Ecpiysotiestsi Qithang rdoheurifodhetihy valei cal

system The next steps 540 and 550 1 nclude determ ning a ganma-corrected
linearizetd | transnassen and the peajector apfticelsystdinspl ayed flat field i mges of

varying intensities, an nor.mal i zj t.h lL.at .field jmages w t.h. the
ganma- corrected | i ﬁ@?ﬂ"? Si§pp GW%%Q?IH&%ém%WPg? g&fm’?%%"“éﬁét%‘ ﬂ%’ff’%‘ﬁzefi | at
field images QfniMaididi% ééﬂﬁe@rb?ith% ﬁﬁpf e%rgamémrlalagéseo%aﬂyﬁlfgqhm@iﬁeg o

e

| evel as Lref,center = S center ef , where Dref is the reference
gray |evel inommiiwagdtor fladiebtinmgecwithiy sgamarenrreciod diyarizefiuspinpreetap the

i nverse function th is. .appl hed.t.q transformthe.imge fromthe.
ganma- corr ect 8‘?:1‘-t%rp%€g16t %‘S}?lﬁ‘zé)dohf‘tgﬁ Iméaﬁgsctg? VaRie fnrli?/tég?%eé @aﬁ%ﬁp‘ﬁtﬂ%ﬁeon i's
usual ly repre ' e val_ues, r.e x| '
depth for Ractagpienly ByE g o st D e Ao g O b

level in gamma corrected space and S, (D,..) = D, is the inverse function that is

center ef

applied to transform the image from the gamma-corrected space to the original space.
The inverse gamma function is usually represented as discrete values, for example, eight

or ten bit depth for each of the red, green, and blue colors. The input Er’ef and
20  corresponding output D, values in discrete format are implemented in the hardware

as a look-up-table for the gamma correction function to simplify the hardware
implementation. Generally, it is difficult to do an inverse of a mathematical function
such as the one described above using hardware. The use of a table simplifies the
hardware design and implementation. The input and output discrete values can be stored
25  in the memory. Although the L(x,y) is linearized at the center position with respect to
Dy

not linearize other positions, i.e. L, (x,3) =S, (D, )=5,,(8:(D;, ) =1, (D). In

the same gamma transformation function at the center position of the tile S, do
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20 correspondi ng out put Dyef values in discrete format are inplenented in
the hardware as a | ook-up-table for the gamma correction function to
simplifywoeximodware inplementation. Generally, it is dp€fiusul270620 do an
|hnv§rse of ﬁ mat herr?ti cal function such as the one descri bed above using
ardware. The use of a tahle sinplifies the hardware desi.gn_and

i mpl enent at i oﬁhefﬂﬁ@dﬁ’n%utg? anb,yGu ’theredigsﬁ}séh%g%PﬁgénSé%ﬁlaBgn fupghionfoptie; 1,
the nenory. Although the T (x, y) is linearized at the center position with
respect to DPEElDOSitigl Bake ganmm transformation function at the center

position of the tl I ! 114 | o , ,

PPoL Kor ! D' InERERSEh 8seRBel L AFRA SRERLE O i - O

02/ 19704 PCT/ &8 bf 20bimalizdieflat el disnagss andvdstdrmendsxhe spatid] luntbesmee S, ,y 1S

the gamma transformation function for the i, xel position (X’escf/)' t,The next
S

s]E e {) h560 de nfﬁm@;ﬂfﬁﬁfb ]:cf‘mol&lgn F@rﬁf?Yléwggaﬁéffeg%‘fP Cl?éoraFﬁEP’ia@Hn-t ighef each
o] e normal j,zed el d..i ' nati '

Ei ransf or mat :c oﬁefflf'ma% s¥°5fna8?1g§t%§ l%rggtaorﬁi— gét%%e qgl\%/iz)n%’of’b’fleggl:la?%ra; (IW(% ._n'(lz'ﬁe5
eviation o t t f ti i f- iti

to TS Uoual 1 Y R A TRl A AR bR Ry L, 70

| i near conbination of spatial _ﬁu tion eé_d(x, y) = v (D)= A (D)f (x,
y), where A ( Binptiense L{he) sras (D4 =i§@i(1)30'% J?):W@wr%ﬁr(ﬁ') atgdheenatiak pondi ng
}‘uncltl ?ns f (x, y). These spat ihal =punctions can be 10 either gl obal or

oca uncti ons dependi t . f i i i
enbod rent tﬁ%efﬁﬁgﬁs v P 0o RSBt £ B S R R i bt 11
unction , U '. ' + : . = = ]~

W0 (b §0° s et ofloff ot derimgiing ooy B e o o, s

Xy , 3 (X, Yinthis erabullitiert, the spatidl fi@ictioh fechasqeatizad acokichl Wlinsur Sundtiof D) can
be represented as a |linear conbination of |um nance 15 functions. The next

step 570 incl ydes det ep#iyi ani M r t function
by characteri ﬁgy)l“u?ny@%&Kmxﬁgbi—?ﬁ@%mb%@?yp%ﬁwwﬂ?&(@ > and
image digital value D .The spatial-Ilumnance transformation function can
be expressed amaleyii(ea))yx V§j(Rg)a Avapiai=cxf uyidic)0n Band m = 3. Further, the

spatial coefficients /£, (5 ’) can be represented as a linear combination of luminance

15  functions. The next step 570 includes determining the spatial-luminance
transformation function by characterizing luminance as a function of pixel position
(x,y) and image digital value D’ .The spatial-luminance transformation function can
be expressed analytically using a ciuadratic function as |
I(xy) =t = i(}mz ¢, f; y))(l_)_ 'Y , where c; are the spatial-luminance

J=0 \i=0

20 coefficients. The digital image value of D' can then be derived as a standard
quadratic function of luminance L at any pixel position (x, y). After the gamma
correction with the aid of the table, the digital value D(x,y) is ready for use at the
projectors. Other mathematical profiles other than quatratic, such as a higher order
polynomial functions, can also be used to characterize the spatial-luminance

25  transformation function.
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L(x, y) =txv (D)=CUTf (x, yv) (Dy , where cU are the spatial -l um nance
] =0 1=0 20 coefficients. The digital imge value of D can then be derived

as a stamdanzi197quadrati c function of |lum nance L at any pPgBUS@OIDGE2 on (X,

y). After the gamma correction with the aid of the table, the digital

value D(x, y) is ready for use at _the prqjectors. her mat tical
profiles other tha e&fﬁ‘ﬁ%#‘&,spﬂgl?&'mﬂ%eﬁ@ Fm%t?'%’g?mdﬂ)od}% s
functions, camcRlds pPGindSBst-@aCRBERa B prdRtdrmhedRadtichk of BaBhHIMESAS
transformation fUI’IC{)I on.” 11 WD 02/ 19704 "PCT/ US01/ 27002 Det er m ni ng t he

spati al - | um nfieldémbgansidderamining fafirsttsetof cafficiants (spatial nedffmgentsa IQ/))ng t he
spatial function to predeterm ned sections of each of the flat field

i mges, and def the spatiahfmation fateageof thé predetefiined seotiops pieachlof thedtat Beldnt s A
(D)) of the spatial functjon for each_of .{he predeterm ned.sections of
cach of t 1o fIESH Pl eI GRS OShTY STEO ARG UOBEEOHeSTICIgRs cy) for
coefficinets (lum nance cqefficients c,J). fo the firs t. of
coefficients tedistget ?f“@lefifé?qt%@? Wﬁl gﬁﬁ?%lﬁﬂp’ﬁ?}eéldicﬂloﬂf%’él T‘%’? ?lgeg (ﬁﬁpéﬁsays. Fl at
field images of vagyjng | bt SRl ihihidecd fonddechst GoRORRget of
nonochr onme, red, gﬁeégn%é%gltnggiseggo rs é#agsaryi%g grayescal es. Thege\_/aoryi ng
intensities fbgodthenered wedentahdbluekelotsofivagmnggrdy dakes e hbe vipingerensitias

adj acent sanpled intensities 10 are spmall epough for the |linear . .

i nt er pol at i onaiefhesengaentbatibe Jmigaeg dﬂ%ﬁ‘é‘ﬁ% $vaen g aggace trFa]'thfég RS nent
t he hi ghe a I ' ' . | ) ; haw,hg a
gray scal 26 | getsm%\r[]ﬁezltﬁg% )f/otr(’glgé %egr W@,ﬁt%?ﬁeﬁ %’%%tf’g lvg}fﬁleg I%fﬁﬁgsf e%}ég40 in

the process 2@DmiGhbsiment) HetHipgt andioglestr R dleld images aveans fraigield imagdshe
tiled display system Step 250 inc|udes an adjustnent performed on the 15
i nput raw i mabevinghgraydicals tighhintensigneind sy add), FspetiveSol uti on i mage to form

the tiled i nages based on.t [r i I d i - i can
further include ad 'ﬁ&eXtaSte P%"(S@ éﬁé’@rﬁéﬁ%%@@ﬁ%&%&&ﬁ%@ﬁ Eeﬂ %ﬁxgﬁgé&@?@ﬁmﬁ?@ t he

segnent ed i magagee MdhO EId didpiey sfs,ecem. Step 250 enchplel yi BljustmeangErfogmedio thieon t 0
the overl apping region of each of the segnented inmges to engure a .f%rrect
propor ti oh5 of inpot taw inagen Brcedjpitientsegmenty thednghhissolytipn gnags to the file

2550 X | 2045 (PR & e a0 Aot R by RS AR DRt ng 8du i
resol ution of ;128Qe#mtad dverlapping region to each of the segmented images. The next step can
include applying a ramping function to the overlapping region of each of the segmented
images to ensure a cotrect proportion of color luminance mix in the overlapping region.
20 In a representative system, the high-resolution raw image has a resolution of 2560 X
2048 pixels and each of the four, segmented images have a resolution of 1280 X 1024
pixels.
The next step 260 in the process 200 includes pre-warping each of the
segmented tiled images, including processing each of the segmented tiled images using
25  the display-to-screen spatial transformation function to provide a first transformed input
video signal to each of the projectors to reduce undesirable projector characteristics.
The next step 270 in the process 200 includes applying an inverse of the spatial-
luminance transformation fimction to each of the pre-warped images to effectively blend
the colors in the tiled display images. This can be done by de-normalizing each of the

30  applied pre-warped images, and applying a look-up-table to each of the de-normalized

12



pi xel s. The next step 260 in the process 200 includes pre-warping each of
the segnented tiled images, including processing each of the segmented
tiled i mges2/uspng 25 the display-to-screen spatial tranB€DUS®I7002
function to provide a first transformed i nput video signal to each of the

projectors to; i | } LSLA The. ste
270 in the privEes CHPRER AR LRIBHAR by FIRASKEN THADTIRIBIPRR. <1 eP
| um nance transf or Riguteod siawcd blotk tingeac bf th tiidedigpley pedcpesdr il 4 dadudiog

effectively blend the colors in the tiled display imges. This can_be done
by de- nor nal | BRieH ceEBencats and dhespntgpronnesHiony o-thepreksgtor d tg gmerahi3f ng a

| ook- up-tabl - [
| mages. to-provioasar LA lielieEs SRAPRE 8 berrituellh o2 ald p ARG M e

projectorss FiugilyRr 816 hehslcaabimage dhpgsiesnsad, idendge vedpatissp] ad sriatgssor
140, includin maj or conponents and their interconnections to t

s a : h
projectors 120leadar 368. ddsrerheyvm BoFigurer $oae den proasiorhdR{ced th%%m@n%ﬂé? 810,
a conpar at or 82u%g ﬁ?%&%‘éﬁmﬁ?g ﬁa,y%gfgﬁssggﬁéé anal yzer 810 includes an i mage

conposi tor 84%° ‘an image blender 860. Al so shown

in Figure 8, are thpuRs iREHMESoHXEVAnthef eamintiag IdGawdappivedbotstpnahe
tiled display processor 140. Figure 9 illustrates one enbodi nent of

segment i ng t hi thisernbystiment;, thegawiinpis video signehhas achigbdeselion af R860 R0 put

vi deo sigpal has jgh-resol utjon.of .2560 x 2 1 | xel i

eﬂi_)odi gng@t hBIXF%S?Ié‘Bi“giegﬁf’aWe?%/@%% ‘Bﬂ’? Ay Stgmtol\%%-}ﬁf/-gtﬂg m%’ég?@gﬂh g¥ Bﬁlﬁsés. In
this enbodi megy pistdidboanabnt 286 atdkerl DG iHeludifg tHGmbFREINSRABBI0tsegmERdth
segnents the re.csei ved hi gh-_res?;%lejti on raw |g_mage Into 1?‘gur i masggensl of g

pr edet er ni nedreskeived bigheresolutiemuivnimagedniodigniimasggs pfrageesletmited sizesisderei ve

projectors 120 for further ocessing. Each of .th i

contains a ceffing tg%?%??t? s ti’gge ﬁegpescﬁgﬁﬂmﬂ%m% 33@2‘% Werl(p??%g%%rl ap
region 150 depgrfsr Rs@nRhRl%RhS céﬁﬁiﬂ@a@&ﬁhﬁ@oﬁb@ﬁ%&@%xﬁﬁ%&h&ﬁﬁ irOFigure
arrangenent). In the exanpl e enbodi ment shown in Figure 9, each of the four

s ](cag mﬁ nt ?d 15 magethehaseriap rregioh Uit ateperids 1288 pxoje@or sqsiux ehd apdeasired pergchiptieach
of the four projectors 910. After s nting, the Lhage.,caomosktor .840
applies a r anpiARESRFAD: !I%ﬁhe 5 %@@’Eﬁﬁtr%ﬁi“@nu’lg S Qe e 8%5 ecg?uﬁect
proportion of (col ok.d MXeBANES rHokiRn 0?1 28020 168FHixOIE phdjetEg 0k Bfithe RGeS
projectors 910. After segmenting, the image compositor 840 applies a ramping function

to the overlap region 150 to ensure a cotrect proportion of color luminance mixes for
20  each of the segmented images.

The image warper 850 receives the segmented images from the image
compositor 840 and pre-warps each of the segmented images before sending the
segmented images to the image blender 860 as shown in Figure 9. Pre-warping is done
to align pixels among the adjacent projectors 120, and to correct for optical or

25  mechanical distortions among the projectors 120, the cameras 130 and the screen 110.
In one embodiment, the image warper 850 pre-warps the received segmented images,
by using a display-to-screen spatial transformation function to provide a first
transformed input video signal such that the one or more undesirable projector
characteristics are reduced as described in steps 240, 250, 260 and 270. The display-to-

30  screen spatial transformation function is computed using a screen-to-camera spatial
transformation function as outlined below.
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The i mage war per 850 receives the segnented i nages fromthe inmge

conposi tor 840 and pre-warps each of the segnented i mages before sending
the segme@vB7d4rages to the i nage bl ender 860 as shown i PCEFUSUrE0E.
Pre-warping is done to align pixels anong the adjacent projectors 120, and

to correct for optical or 25.nmechanical, di stortions ng .t he oj ectors
120, the canerasplgﬁ%é’rfaﬁ‘ﬂ’f@egﬁ%% @i ?YSQWGG?{EH%IHB%%DWPE?{F Onttcgélejlsﬁ]é?alé
war per 850 pr gVl Bise diB6R M dr&ReRMA9erhpBASS a phicdl driflatd posted on

di spl ay-to-screen spatial transformation function to provide a first
t ransf or med i togh¢ sareaheld Os Irgamathes amhoditnatt, theepredaterorineduemplatelie generbicé by

projector characteristics are duced as scri.bed.in steps 0,., 25 260
P 570_ The e digmiay Biy-eispe L Sipis el B rarbpibe P eR B 2l oReitne
conputed usin RBeLRa tidalg; & Oy @9
outlined gj:l o‘\%lvm?ef%q\%% %fy%gsg%gq%ﬁ ?%%Oﬂll?zd%%%%?gg% of 1{t‘?éhaeftégﬂrﬂgj&t'eect or 56120
di spl ays a predesdimentnthe preeetetmined templlaie tshepredetermmed 1ot patterm hrethembadplaent |,
the predeterm ned tenplate is_.a physical, tenpl ate posted o t he screen
110. I n anot hePbedimsws %ﬁ@,lnth%“?)ﬁe@@ﬁ’é?dﬁfeﬁ‘gg‘ea Ie%feén 152 ggn%ﬁ&‘i By the
tiled display 0GEeSSOk ReT ol y. : i 0.
Then the 5 ca%%naﬁ%3%%é%%?%} grs& ztan I nqgégﬁég]f\é}t ﬁgaﬁpg%%da%lggegpgddgﬁig%ﬁﬁi%
tenpl ate. | n pRkRsirsd1deaine@ndhardctegisficse de oae rimbedintenipthattded displappedeEssrm ned
dot pattern. In the exanple enbodinent shogwn in Figure

4, e
pr edet er nlhedingbwdes thete@nparaior829. Jo thigemberiment the cwat%éﬁgmwa thg 10
det er m nes whet her .t C u I i
characteri sti Sasp_turre% 1%§%e ggn‘%‘o%ﬁfr?gﬁ{é,ﬂg]?lﬁgae% P?cgﬁl gﬁq“s‘g% g;ﬁ/o p#ggg@ggeggﬂétgefﬁgf Lges

t he conpar at ogap$@@d ithilgd Hils Sne sP@dtemidesirablecaprpeliapioterisd2Osiwhap heestond)e
captured image with a predeterm ned expected tenpl ate t,g det er m ne whet her
the capt ur edpinageonsad bawelstisteriioes. dherteaagyer Shtidentifiess CreBrPSHPEE such

as key-stone, in _cushi o nd.,: r [ .SL.Of:ti : ; ro¢810
fenti1ieaa SlebRSEE Ao ARLGRRRE bRl e inbPPidbd SAIRERES o O1]
appl i ed t g5t heneifigjebtord T80 FédiRakheaindegtlefametdclidigtqristipect ors 120 to

reduce the undesirable canera characteristics. Each of the projectors 120

i ncluding the spatial fBeelepf hemraicgiorall) mcludingsbe spatial filier 460 displays a
predet er m ned éﬁt{ffggfﬁ ag@@{j&gg%glgflﬁr 1%)(r]aﬁé%$i’tor glt%%greé’ﬁ 1{6?%&1?8?&@%&&% 150 ﬁ“sec'

to capture th redeteérm ned 1 nage on e
screen 110.  ysed to capture the displayed subset of the first predetermined image on the screen 110.

Then the analyzer 810 analyzes and corrects the captured image for screen-to-camera

20  geometric distortion by applying the screen-to-camera spatial transformation function

as described in step 210. Then the analyzer 810 generates a display-to-screen spatial

transformation function that can be applied to an input video signal of each of the

projectors 120 to reduce the undesirable projector characteristics as described in step

220. Then the image warper 850 pre-warps the input video signal using the generated

25  display-to-screen spatial transformation function to provide a first transformed input
video signal to reduce the one or more undesirable projector characteristics.

The segmented and pre-warped image is then filtered through the image blender

860 using the spatial-luminance transformation function for proper color mixing

via a search at each pixel position of each of the projectors 120. The spatial-

30 luminance transformation function is computed using the color distortion

calibration process as outlined in step 230. The image blending can be carried

14



Then the anal yzer 810 anal yzes and corrects the captured i nmage for
screen-to-canera 20 geonetric distortion by applying the screen-to-canera
spatial twanzivnsati on function as described in step 210PCT&N/27The

anal yzer 810 generates a display-to-screen spatial transformation function
that can be applieg.t; (Maleld 1 deq Si Ly, OF: e ] ofr.s 120
to reduce the undeg?lir]gf)}?ééﬂplp%}lﬁ CS# g’ghg}:pg@flgﬁé??%?a@ﬁ%%@cp %CE%% %%rtlg{ ep
220. Then the i mgamwasmertradsrmatton@ngiontdse i nput vi deo signal using the
generated 25 display-to-screen spatial transformation function to provide a
first transforned :z?'E’lth Vi eh,,,ug(ixgn)a to reduce the one or nore undesirable
proj ector characte W& Lihe segnent ed and pre-warped inmage is then
filtered through the i mage btender ‘860 using the spatial-Iuni nance
transformation fungfi ( i % : b &i gﬁ;ﬁ pi xel
position of each ofot !t:}ﬁgp ‘%%"}‘gﬁ)grﬁi n‘iag%')fgﬁ%éf?emgggﬂdg?%l aiﬁﬁ?n'{eﬁg(r)@g’ 8
transfornegion funginclon iof LOMAGHEGaktpling of e te¥aDbilthest Qirictiond atCamdehat i on
process as outlined in step 230. The image bl ending can be carried 14 WO

02/ 19704 PCT/ USO1/ 260621 resHiutioh, §RE af @4, QBk 16 083 B82Dlocks withRhd/cdri€pdnbingr Se
function of the spatial- |um nance transformation function as |I. D (X, Y)

= tx, Ilnput Y 255stt9oflocal bilncsvfipetivns.i Waieretnaris therinpd inagaef red, geasnsingnal .
The slowy varyi ngb 5 fimction of tx y allows sanpling of the | ocal
bi l'i near functionsPH€RIRich reduced resolution, such as 8x8, 16x 16, or
32x32 bl ocks wth the corresponding sets of |local bilinear functions.
Where linput is the input imge of red, green, and blue colors. 10 2.
Denormal i ¢@ the di gi t al Deabtnealize thd dibitalemhecd’ twatht teeparhta tha maBoexm 2L
m ni mum Dmi n | um nance. Dnax and D in are the fast varying function and
usi ng need much fi aed mdEmphed’ ; dsminatéeonDf hand O, aié the fast vayjing-fibcfion and) x
(Dmax (x, y) - DL. (x, y)) Dmin (x, y) . Depending on the display
characteristics, dintédemect fisanphphd reetniontthang, | using
D'(x,y) = D'(%, ) % (D (%, ¥) = Dyiu (%, ¥)) + Dy (%, 3) -
Depending on the display characteristics, different sampling resolutions
15 can be used. Blending usually requires full or close to full resolution to ensure
a seamless image. With the disposition of the spatial filter 160 in each of the
projectors 120, the requirement of close to full resolution is relaxed and a larger

sampling period can be used.

20 3. Apply the look-up-table before feeding the image to the projectors 120
to effectively blend the colors in the tiled images using
Ly (%) = 255 % 830, (D'(x, )
Where Iouipu: is the output image of red, green, and blue colors.
The use of a table can be useful for LCD projectors because of steep

25  transmission-voltage characteristics.

In the overlap region 150, the luminance ramps down smoothly and

monotonically from one image to another during color blending. In one embodiment,

15



15 can be used. Blending usually requires full or close to full resolution

to ensure a seanmless inage. Wth the disposition of the spatial filter 160
in each o¥oohe70p¢rojectors 120, the requirenent of close poTAUsdI270@SO0l Ut i ON
is relaxed and a Iarger sanpling period can be used. 20 3. Apply the

L? ]9 lé C,l[J Ipvgflgl g?}%ﬁ : déélg gﬁ gﬂ&lstd}%\’%ﬁagﬁetuge& HEme Behftﬁftaﬁra?d %Rscaf (’ﬂrectlons

rs inthetil I rages usi ng

S~"ter(D (x, yG):néMIey eoldMigiding B dakier mum'q;]émeﬁta@mnahofeendreﬂgp}ﬁngl pnalsdarbl ue
colors. The use of a table can be useful for LCD projectors because of
steep 25 trah¥di BeweyenmpioRyet] W&Etxéklr’%‘iqcé%efchﬁ"? Ksolign ap regi on 150,

the | um nance ranpsgy, [@ﬂgg. A
anot her during col or gyggrﬁgf%&}& %esgdr%cei% odi %U%l?&k ﬁg‘{}@]ﬁ?%@% 83
PCT/ US01/ 257002 coapled & ititainalyyertl Opind @bfpaifata\820| Bporereenbogléderitntht ésmory

hori zontal and vertical directions. Generally, color blending is ea5|er to
i npl ement  whe®3%rsioeesotherdisnipy-ipgsoirereing spreen-lgsameraFapsieimation@eires s ppi ng

pi xel s reduceg effect.ive res e L?X é#&
further incIuﬂ%@ L 1§§§hHW%8&iC&§§6Eh% Q%P@%ﬁ e gﬁgﬁéP%ha zer 810
and conpar at oyn$dthcelad t&r&n@ﬁbﬂﬁb aBplayed flet fidanyges BBOa@mgnﬂmglﬁ@

di spl ay-to-screen and screen-to-canera transformati on coefficients,

spatial -1 um nance transformation coefficients, and the gamma-corrected

i nearize | um nance at the center of the.di.splayed flat field i nages of
varying iﬂ?ensitles 10 Concl usi on Théé%%ég%gﬁescrlbed tiled display

system provi des, anpggb&tREcrivedrls displayBishatpnilicsppfingtodser tidnghhi brat e
tiled displays including spatial filters in their projectors. Also the

tiled di spl aymsfiodemdsippphiug teealibrate Hied digplays a'ﬁﬂiluCil%ﬁWé%ﬁﬁ%ﬁ BeibgEi ng

-

speeds. 15 The ab ri s intende nd not
restrictive. févﬁ@?%@%ﬁ%hﬁé%ﬁﬂ“ 11%5615?1&@\7\/ r%'v Sas Kill in
the art. The Qé’sl invention should therefore be det er m ned Wi th

reference to e appe ded claims, along with the full scope of equivalents
to which $tich cl ai ffhe abeveedﬂscmptmn is intended to be illustrative, and not restrictive. Many

other embodiments will be apparent to those of skill in the art. The scope of the
invention should therefore be determined with reference to the appended claims, along

with the full scope of equivalents to which such claims are entitled.
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16 WO 02/19704 PCT/USOL/ 27002 WHAT IS CLAIMED IS : 1. A nethod of
calibrating a seam ess tiled display, conprising: disposing a spati al
filter imwan2/19m8ge path; 5 displaying a subset of a firstPEredarsnee ned

i mage on a screen using a projector; capturing a subset of the displayed

first predetegAeds| kg a canera; generating the rest of the first
predet er m ned—rﬁﬁge—m;&yed on the screen due to the inclusion of
the spatial filter in the imge path using the captured 10 subset of the

di spl ayed first predeterm ned i mage; conbining the captured subset of the
first predetetni ned methgdoficalibrating a sgantesstiled disphty, afmprising: i r st

predeterm ned i maga. to.forma lc Qsite of tr}E first predeterm ned inmage;
det er ni ni ng whet hef1SPHENG HFRAEY & {pagsPafihe first predeternined i mage

15 has one or nore Ll i iStd £S5 : erating a
& cslfégftl?%? 220b&t ?f Qﬁﬁ@?férdeféﬂﬁﬁm@&hﬁé e £SoreMNRirPe) g

di spl ay-to-screen transtormation function that can be "applied to
an i nput vi deproggctpral of the projector to reduce the undesirabl e projector

characteristics. 20 2. The nethaod of claiml, further conprising:
processing the inpa%ptwreﬁew@ﬁ?jr?%thﬂéﬂﬁ@y%@gstmr t%“gmf%i-lg@s%ﬂngggﬁmswa;
transformation fungti.on: ' ' ; éagqg j si gnal
such that the oneg‘%)I%e(PEHrr%1 ghﬁ]egeéésfﬁlr?% séb%e?%ﬁe%ﬂéﬁ@ﬁi@ ra(g'td {egp%"5 ?(?/%Igﬁ{a%r e
reduced. 25 3scrddmaduerd adinclisioh af theZpatidl fiithein the imagegiatigusingitp @aptacpdt he

formed first pre-determ ned | rrage wth _g%{),r edeterm ned expectation to
det er ni nel@nhebuhset afile displaryl frst wedgiermingt B¥agened i mage has the one or

Furthor compri si novoni iy e PAEASh Siuest b6 61t et AR i 17 1 =
02/ 19704 PCT/ lsRidted £¥80of the first predetermined image to form a composite of the first
predetermined image;
determining whether the formed composite of the first predetermined image
15  has one or more undesirable projector characteristics; and
generating a display-to-screen spatial transformation function that can be

applied to an input video signal of the projector to reduce the undesirable projector

characteristics.

20 2. The method of claim 1, further comprising:
processing the input video signal using the display-to-screen spatial
transformation function to provide a first transformed input video signal such that

the one or more undesirable projector characteristics are reduced.

25 3. The method of claim 2, further comprising:
comparing the formed first pre-determined image with a predetermined
expectation to determine whether the formed first pre-determined image has the one

or more undesirable projector characteristics.

30 4. The method of claim 2, further comprising:

displaying an image on to the screen; and

17



manual |y adj usting the projector to have mninmal spatial distortion in the
di spl ayed image. 5. The nethod of claim4, wherein manual ly adjusting the
proj ect ow@ommdses 5 manual |y adjusting one or nore propPETASHIE27002
individually to obtain roughly a simlar size, an overlap and a m ni nal
spatial distortion of di.spl.ayed i nmage.,L §. The nethod. of. cl aim wherein
the capturing, det%‘?’?ﬁéﬁ]iy ﬁ&@h@ﬁ%’é@&@%ﬁ%%ﬁ‘ﬁ?ﬁ él?aglagéﬂsﬁ’at&‘?%’é?ﬁ{“?
repeated. 10 fisplIha i %Qod of claim1, wherein the first predeterm ned
image is a dot " pattern. 8 The nethod of claim7, wherein generating the
rest of the first predeterm ned 15 inmage not di splayed conprises using an
extrapol ation_functjon to nerate edge dots . nqQt displayed due to.the

di sposi ng of ¥he sphf ?’Sﬁhofl%(ff’]é‘?‘mi‘l‘nwgﬁtgu} %@@ﬂpﬁgw.sﬂ@% &?ﬁ%o]ﬁ‘g?%ﬂnﬁﬂse%l ai m
8, wherei ny t &Gt ARALAhL Bk SUNGT! 26} EBIIANS fftafly LS Gbthi j 88inkildk of 2
pol ynom aIr35 fnﬁctl o?.ad j}lgﬁfi% T{ae rretﬁr?\ g o)fcgncl a?%ag},, V\,herlgirn he

ext rapol at i ngsife)anbvaiap emdsehadmelsphtiadniistottion @f e disptayad irsdgeng of a
guadratic or a higher order polynom al function and a cubic-spline
function. 25 11. The nethod of claim 1, which further conprising:
sequential l'y gdisplayi f b elgdo Qhptah Y IR SN sid dBSeskisbNg each
of multiple %‘r 0j eg%{éofrﬁgthl?gg’ Cia%ﬁé’ W%ﬁequ ay %’fgfgemﬁﬁlgé;pt L}grri negS drspl ayed
flat field i nagess afe peabiically tepestedi ties using the camera; nornalizing the
captured flat field inages with respect to the highest and 30 | owest fl at
field i mabs for each of the multiple projectors; determning a
gamma-corrected |1 i leuqt-nan - disql d flat
Preld i mges of vat o ASEsSEn i §pRin BBl skl il SR AUTS |

02/ 19704 PCT/ pksfe#d.27002 normalizing the flat field inmages with the

determ ned gamma-corrected linearized | um nance at the center of the

di splayed flat field i mages of varying

8. The method of claim 7, wherein generating the rest of the first predetermined
15  image not displayed comprises using an extrapolation function to generate edge dots

not displayed due to the disposing of the spatial filter in the image path.

9. The method of claim 8, wherein the extrapolating function comprises a least
squares fit of a polynomial function.

20
10.  The method of claim 9, wherein the extrapolating function is selected from
the group consisting of a quadratic or a higher order polynomial function and a

cubic-spline function.

25 11.  Themethod of claim 1, which further comprising:
sequentially displaying flat field images of varying intensities using each of
multiple projectors used in a tiled display system;
capturing displayed flat field images of varying intensities using the camera;
normalizing the captured flat field images with respect to the highest and
30 lowest flat field images for each of the multiple projectors;
determining a gamma-corrected linearized luminance at a center of the

displayed flat field images of varying intensities for each of the projectors;

18



intensities for each of the nultiple projectors; generating a spati al
function that can be applied to sinmulate each of the 5 nornalized flat
field i mnwes2ions each of the multiple projectors; and det RETMURIIRJOE

spati al -1 um nance transformati on function using the spatial function for
providing an effective color calibration for each of the multiple
projectors. 10 12.nomeligmeibeflgiicld ansges vithihedelpminedganmagrrgeted spl ayi ng

the flat field i . i i 1t i . projectors
e fLat 11l e Bl 3 M0k B 850 BRI ERE Sor i o o
varying i nt enftdnsfes f@edch bNbeintultigle ptgedds; t hat correspond to the defined

gray scale levels of the flat field imges of varying intensitjes. 15 13.
The method of cl ai geupIatingiiespatial faration that carybe mplisd e signulate gachofdle

transfor ion functi her  coONnpril Sk.ng: Lyi e atial function
to predeterm ﬂ%ﬁlaiié%4 ﬁ%réeﬁ%im%gfégoror@ CIE §%tﬂ? F%Lﬁgﬁfz ﬁqq%t‘it’%’a%rgdg 20 determ ning
a first set of coefiibmhiaiios PhtidlnemsRate ahnsterhttive fudction @siap tief spatisl

predet erm ned sections of each of the flat field imges; generating the

spati al - | uni nfmetion faxpse\iding rh effestivecoiasalihration: & cathnefithe ultiMe det er mi ned
first set of coeffti cients for each section of the predeterm ned sections

of the nornal PPEE ¥ at field i mages; and 25 determining a second set of
coefficients for the first set of coefficients that wll effectively blend
colors in the tiled displays. 14. The nethod of claim 11, wherein the

spati al - | Ui ndtce Thanstlmdmficiaim 11§ whereinogeqhentially disglaaingcdhe flatfigld gheges or der
pol ynom al fungtion. .30 19 WD, 02/ 78@1@PCT/ S 7002 15. The nethod of
claim 11, whePEYHYRgdnERsItesyseFagh of e ProIectpry TSI CORRTISINGH i ses f1 at

fs'cg : g Si_ mages of NMORYGKHS ¥R stAE 1evals@E Matibld b EesTvaRyinDitenditivs;nad gr ay
inputting signals that correspond to the defined gray scale levels of the flat
field images of varying intensities.
15
13.  The method of claim 11, wherein determining the spatial-luminance
transformation function further comprising: )
applying the spatial function to predetermined sections of each of the flat
field images;
20 determining a first set of coefficients of the spatial function for each of the
predetermined sections of each of the flat field images;
generating the spatial-luminance transformation function that can simulate
the determined first set of coefficients for each section of the predetermined sections
of the normalized flat field images; and

25 determining a second set of coefficients for the first set of coefficients that

will effectively blend colors in the tiled displays.
14.  The method of claim 11, wherein the spatial-luminance transformation

function is a quadratic or a higher order polynomial function.
30
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5 16. The nethod of claim 11, which further conprises: displaying a
predeterm ned tenplate on to the screen; capturing an inage of the

di spl ayeav@ordgter m ned tenpl ate using the canera; deterprCHUSQ/2HE her the
captured i mage has one or nore undesirable canera 10 characteristics;
removi ng the ede ) t . : ating a

Gor een- fo- canbra Shos e, e e B S e o

t he i mages capdmprgts it fibld imagsrod monoclavmectedf greend el kine cabrsrafiverying
undesirabl e canmera characteristics. 15 17. The nethod of claim 16, further
conpri si ng: aﬁﬁV?ﬁﬁ@lthe screen-to-canera spatial transformation function
to the captured subset of the displayed first predetermned inage to
reduce the one or nore wundesirable canmera characteristics. 20 18. The

met hod of %l ai 16Thé uickiv@rofenmriilswhigh fadig@bmpgisdshe captured image with a
predeterm ned expectation tenplate to determ ne whether the captured inmge
has the one or m)rélSHHMiarmg)eéeWFéﬂ&mP@F?&?lh@ttb‘?F%@finé:s. 25 19. The net hod

of claim 16, wherei i A r i e screen
conpri ses di sposi nﬁ%ﬁo%%?%ﬂé S?E%eﬁgﬁéﬁ%ég}ﬁ%%'ﬂag?g&ﬁoﬁaﬁgh. Egh%cr een. 20.
The nethod of cghawm 19, wherein the predeterm ned tenplate is a dot
pattern. 30 21. The nmethod of claim 16, further conprising: B 20 WO
02/ 19704 PCT/ USOL/ dgteoniningsyhaikarithgcantirpdyimagedes org wnplf?s@%e&l@biemamem | ed
i mges based on an array of images in the tiled display system
pr e- war pi i@ e§13 a‘g‘?ﬂs{t]ﬁé’ segnented tiled i mages; and

removing the predetermined template from the screen; and

-

generating a screen-to-camera spatial transformation function that can be
applied to the images captured by the camera to correct for the one or more
undesirable camera characteristics.
15
17.  The method of claim 16, further comprising:
applying the screen-to-camera spatial transformation function to the captured
subset of the displayed first predetermined image to reduce the one or more
undesirable camera characteristics.
20
18.  The method of claim 16, further comprising:
comparing the captured image with a predetermined expectation template to
determine whether the captured image has the one or more undesirable camera
characteristics.
25
19.  The method of claim 16, wherein displaying a predetermined template on the

screen comprises disposing a physical predetermined template on to the screen.
20.  The method of claim 19, wherein the predetermined template is a dot pattern.

30
21.  The method of claim 16, further comprising:

20



applying the spatial-lum nance transformation function to each of the pre-
5 warped tiled inages to blend colors in the tiled display images. 22 The
nmet hod ofw@bzigmL1l, wherein segnenting a hi gh-resol uti on pawgsotiarnazher
conprising: inputting the high-resolution imge; 10 segnmenting the

hi gh-resol ution i t I ' B 18 f
images in the til %@&%g%ﬁ?ﬁ%ﬁgﬁ%}dﬁer m ngﬁﬂé‘%rsﬁg%&&ﬁ‘g&%é‘?é’ﬁ to
each of the sggigenietheitil@bdisplay sptkngppl ying a ranping function to the
over | appi ng regi on of each of the 15 segnented inmages to ensure a correct
proportion of coIoP“FW#WH&H@%hﬁf&wﬁﬁgﬁﬁgai%véﬂpaﬁﬁiWﬁlregion. 23. The

met hod of claim 21 ' .a-war ni ng, each of- : ' |1 mages
further conprisi ng?pﬁggﬁ%%égsggéiﬁr}gﬁg%gﬁegFlllbtl(ﬁélldélgg@nct%lgg@?%cgg)f?ﬁr%%gs usi ng
the di spl ay- t GafrteRsd infigad ioHledd st of R tilandikplag imagst o provide a first
transforned i nput video signal to each of the projectors to reduce one or
nore undesirabl e projector characteristics. 24. The nethod of claim 21,

wher ei n appl yi anR. i nverse . ' . UM t '
functi on to ogeh ottt ATl PR e pi b REBT St AR AR
di spl ay i magegorhpridih@r conprising: applying an inverse of the

spatial -l um nance transformation function to each of the pre-warped
i mages; de- nor nal i mpuiinggbehigh-resedutipgmiagel pre- war ped i mages; and 30

appl yi ng | ook-up table t ach _of. t.he.de- norJml i,z I age 0,prqoyide a
second tr g%sf or rred*%‘i’iﬁ% ﬁbenggl%'feﬁﬂ%'ltﬂo? SRESER fgﬁn f%gtﬂgélgn%reg Pr%sreg Sne

proj ectors, 5ﬁ§§p§pﬁﬁa\g@§ - the fileWipedy1 9704 PCT/ USCL/ 27002  25. A method of
reduci ng one or nore undesirable characteristics in a tiled display
system conpri si ngaddjepepsdeteymnined onedpppote ragion éeleachrafithrestsaisnted ampgash
using a line g&yerator;

applying a ramping function to the overlapping region of each of the
15  segmented images to ensure a correct proportion of color luminance mix in the

overlapping region.

23.  The method of claim 21, wherein pre-warping each of the segmented tiled
images further comprising:

20 processing each of the segmented tiled images using the display-to-screen
spatial transformation function to provide a first transformed input video signal to

each of the projectors to reduce one or more undesirable projector characteristics.

24.  The method of claim 21, wherein applying an inverse of the spatial-
25  luminance transformation function to each of the prefwarped images to blend colors
in the tiled display images further comprising:
applying an inverse of the spatial-luminance transformation function to each
of the pre-warped images;
de-normalizing each of the applied pre-warped images; and
30 applying a look-up table to each of the de-normalized images to provide a
second transformed input video signal to each of the one or more projectors,

respectively.
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5 displaying the generated i mage of the predeterm ned dot pattern on to a
screen using a projector including a spatial filter to nodulate light to
produce avoswpmthe£ss tiled display; capturing the displayeBCci/mwage7od2 t he
predeterm ned dot pattern using a camera; 10 conparing the captured
predeterm ned dot pattern with a predeterm ned expected dot pattern to
determ ne whet her the forned predeterm ned dot pattern has the one or nore
undesirabl e proj.ect armehed afiediidif besSor enramdedinglachdisriiayestinasiteden
spatial transformation function that can be applied to an input video
signal of the @isplpEeyssimt@MPEEHee t he undesirabl e projector 15

characteristics; and processi.ng the in i d Si I i t .
di spl ay-to-screen s%‘g{%fagllng aflll%l%%? %f‘raargf ?%{% I}l}%cg‘??t(?%g?% uﬁ#%valqgjee %ﬁ?rla’%og,[
transforned i nput vaﬁ@yﬁgmeném ifigh of iHe@réiteerMinsd ot patiedesh tad| e

projector characteristics are reduced. 20 26. The nethod of claim 25,
wher ei n conpar sareent using apneiegtos incleding aspasiel Glier to paadutgtelighttte pgpduce a

predet er mi ned expect at i ot pattern further conprising: calculating dot
| ocati ons by sfﬁﬁgﬁ?ﬁ%ﬂgﬁgﬁﬁ‘(’ack captured inage fromthe captured image;

and sorting the cal gaat@oingQisple96@inaRorthd frebidiomiineiot pagahivemg aof t he
25 predeterm ned expéected dot pattern. 27. The nethod of claim26, wherein

generating thecamgp] ay-to-screen spatial transformation function conprises
generating, the display-to-screen spati transforpati function hased on
an out comel®f sorti ﬁ%‘%PWgctg? E%Ht‘érfgBr‘iﬁ%{mpﬁ]ﬁ?gﬁogﬂﬁga%ﬁﬁ%atpﬁe‘{%heme wn dot

| ocati ons. 28. ex%e%ﬁeﬁ@&gftte&ﬁ PR RN etB¥Sthe Brnfed PRddefriftied dé2patlerdRds19704

PCT/ USOL/ 27002 "a spati filter including a spatial gradient profile
di sposed i n antlermger patré uhdssizeda prgedtoratharagtetisiddse proj ect ors and a screen,

AR TR T IR T N T
applied to an input video signal of the projector to reduce the undesirable projector
15  characteristics; and
processing the input video signal using the display-to-screen spatial
transformation function to provide a first transformed input video signal such that

the one or more undesirable projector characteristics are reduced.

t

20 26. The method of claim 25, wherein comparing the formed predetermined dot
pattern with a predetermined expectation dot pattern further comprising:
calculating dot locations by subtracting a black captured image from the
captured image; and
sorting the calculated dot locations with known dot locations of the

25  predetermined expected dot pattern.

27.  The method of claim 26, wherein generating the display-to-screen spatial
transformation function comprises generating the display-to-screen spatial
transformation function based on an outcome of sorting the calculated dot locations

30  with the known dot locations.

28. A seamless tiled display system, comprising:
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5 each of the nultiple projectors; and a tiled display processor, coupled
to each of the multiple projectors and the canera, wherein the tiled

di spl ay pvoorswoes further conprises: an anal yzer to gener BCERUSHIEZ70@St Of
the first predetermned inmage that is not displayed due to the disposition

f th tial filt i he i th. 1Q. bet th - 0] ect dth
screen, wherai n t nb Sl harincIGREE ABR A egisE PRI cerel S bE R R e
image Wi th t hgetgap SR Gr SHIBAL pRYjedidS ahd b Séree hEPBERIR) t@%ﬂodﬂléﬁg%ezﬁﬁle.@sor ma

)
conposite of the first predeterm ned i nage, wherein t'he analyzer
det er m nes wheleldispldye f ormed conposite first predetern ned i mage has one

or nore undesirable projector characteristi.cs, 15 and.the apal.yzer, further
identifies a displ éﬁef}f‘ﬁtj-a E‘i‘@@ﬁ“’?ﬁzi’tsfléﬁetf’f %ﬁﬁBFq‘?ﬁfePBWeflﬁ‘ﬁﬁgq FPI%‘/W Ycan be

applied to a”ea'{cﬂF&fttheVﬁlﬂﬁfgléﬁrGj%@ﬂorsC’fan& he projector to reduce the undesirable
proj ector characteristics; and processes the input video signal using the

identified displayatitedsiispdgnpro@sepedipidd tbreacisditheratultiple propectars and thepr ovi de
a first transforned j nput_vi, h that the one or nore

deg. signal su
undesi rabl e p?%]l%ést%]?erﬁlﬁéh%@tegfiisé’faiyg’é"c&f@r CRYPISRY: The system of claim
28, wherein the process%;l aﬁ%%z%?f‘& éfl@ﬂa]l?erﬂhé‘?fst@f}@léffﬁ-&’sﬁ?@de?érﬁﬁneﬁqw&@ﬂlaﬁ_0 the
or the first

anal yzer to receive the conposite o predeter mned i mage
fromthe anal yzer &bt displeepductotthedispasttionss! thospatidl filkanipdeiimagepathhe
first predetermned inage with a predeterm ned expectation tg. determ ne

whet her tHE f or medbetpiepdtersoisetor #d the sareery MAWERIR Higi Malyzeroglinesdis he  one

or nore undesirabl | ) e T f claim
28, wherein the fi es&%%‘gﬁ}es? Bt ﬁ%ﬁw{a%%éeivgl%%ﬂ%%ta&qﬁegts?gﬁ&g%rﬁ\f% 02/ 19704

PCT/ USQL/ 27002  31prefberinsd anagdfto omi acd@iposifeaif dienfishgredetedmyinet ingpgaer at es
the rest of the T it amalysot determines hether (he foimed corsposte st " 4"et O
predetermined image has one or more undesirable projector characteristics,
15 and the analyzer further
identifies a display-to-screen spatial transformation function that can
be applied to an input video signal of the projector to reduce the undesirable
projector characteristics; and
processes the input video signal using the identified display-to-screen
20 spatial transformation function to provide a first transformed input video

signal such that the one or more undesirable projector characteristics are

reduced.

29.  The system of claim 28, wherein the processor further comprises a

25  comparator coupled to the analyzer to receive the formed composite of the first
predetermined image from the analyzer and to compare the received formed
composite of the first predetermined image with a predetermined expectation to
determine whether the formed composite of the first predetermined image has the
one or more undesirable projector characteristics.

30
30.  The system of claim 28, wherein the first predetermined image is a dot

pattern.
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5 32. The system of claim 31, wherein the extrapolation function conprises
a least squares fit of a polynom al function. 33. The system of claim 32,
wher ei n twe oxxt7p4apol ati on function is selected from the BEDUROIICIN® St i ng
of a quadratic or a higher order polynom al function and a 10 cubic-spline
function. 34. The system of claim 28, wherein the analyzer further displays
flat field i mges of varying intensities using the projector, and the

canera captures thepd sy%mn%ﬁ@iaﬁﬂ@s whepdi tﬁé@ﬂg&epgenyﬁféélﬂwrebmﬁ%ﬁﬁ es; 15
normal i zes the captured flat fiel I'd inages with respect to hi ghest and

| onest gray pedbternhined irthagslwingrragatrapelatieiefusctiimes a ganma- cor r ect ed
linearized lumnance at a center of the displayed flat field inages of
varying intensities, and further normalizes the flat field images with the

det er mi neds gagya- COREL ek of $188@5 1, ZRkkreih YHE H@R ?@laﬁ&n ﬁﬂl@tl&%ﬁﬁ;ﬁn&g iRt

displayed Tlat field images of varying intensities; and 20 identifies a
spatial funct squrdsHatof e polynemagdflnotidnt o si mul ate each of the normalized
flat field images and determ nes a spatial -1 um nance transfornmation
function usi ng t he spatial function for providing an effective col or

calibration. 335 The Ffsl’e?ﬁ §F194m 52 avvﬁeraﬂ th & ﬁbl’ﬁu&ﬁ‘ﬁm@ﬁ@ﬁ iézs@fect%é from

det er m nes the 'spat i al~1um nance transformatioh function by applying
spatial functlegpodpequsiting of arijueitatiantailigier ofdeepalynahial fecfibmtnd a el d

i mages; determnes a flrst set of coefficients of the spatial function for
each of tHg fprghic-splng fynetipges, and further identifies the

spatial -1 um nance transformation function that can sinulate the determ ned
first set of coefficients for each section of the 30 predeterm ned section
of the nornal Bged fThatkystdrebfclaim@esyhaeid thiciraiyzenfisthar second set of
coefficients for the first set of coefficients that, wll effectld\@léy bl end

colors in the til eélsﬂl%’bﬂa%e HMagRHOH YAV BIEORLCRRITI IS the prjectefpan system
0 o MG e PR WISHLD & e g unction,
function is a quadndim4lizes the captghedrila fdmrlmngQHtapedt thighest and lowest

gray scale flat field images and determines a gamma-corrected linearized luminance

at a center of the displayed flat field images of varying intensities, and further

normalizes the flat field images with the determined gamma-corrected linearized

luminance at the center of the displayed flat field images of varying intensities; and

20 identifies a spatial function that can be applied to simulate each of the
normalized flat field images and determines a spatial-luminance transformation

function using the spatial function for providing an effective color calibration.

35.  The system of claim 34, wherein the analyzer
25 determines the spatial-luminance transformation function by applying spatial
- function to predetermined sections of each of the flat field images;
determines a first set of coefficients of the spatial function for each of the flat
field images, and further identifies the spatial-luminance transformation function
that can simulate the determined first set of coefficients for each section of the
30 predetermined section of the normalized flat field images; and
determines a second set of coefficients for the first set of coefficients that

will effectively blend colors in the tiled displays.
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38. The system of claim 36, wherein the flat field images of varying
intensities conprises flat field i mges of nonochrone, red, green and bl ue
col ors ofweoarywng 10 gray scales. 39. The system of cl ai RCBESOMITRI2ei N t he
tiled display processor further conprises a menory, coupled to the

anal yzer and the conparator, to store gamm-corrected Ilinearized |um nance
at the center of the displayed flat field inages of varying 15 intensities
and a | ook- upsgabl epd %Fstetnbsfa&% Bﬁlwﬂe@ahm§t151rﬁﬁt&foﬁr1§@qcsc@nbﬂlﬁ%tl on- 40.
The system of claim36, wherein the projector further displays a

pr edet er m nedfinetipl.at e on to the screen, the camera further captures an

i mge of the displayed predeterm ned terrpl ate, and the analyzer further
determ nes whet her the 20 captured i nage has one or nore undesirabl e canera
characteristi g3, aff gRAGH 8f 88ind36, S&He?éiﬁ’tﬁé)s FRUIEhAIRRRE trdhsbmafivhor Mat i on
function to reduce t%e one or nore undesi rab e canera characteristics. 41.
The syst em of fimcAomis40quadiatic ®r a higher amlat ydpsoraippfunetsort. he screen-t o- canera
25 spatial transformation function to the captured subset of the first
predeterm ned inage to reduce the one or nore undesirable canera
characteristi 4 ed
tenplate is agg’ot %g? gg?erﬁﬁ X§§gﬁqﬁl§8 ‘%}%élg;@%\ﬁgﬁ ﬂlil%e%aﬁ‘é \A,ggltrltgfliﬁh{bhe

anal yzer 25 V%rﬁﬁﬁéb@?ﬁﬂﬁﬂﬂhh@é&ﬂfﬂcﬁﬁﬁhromgrﬁngmemaﬂd lollne celood aftviagying mage
into tiled imges based on an array of displayed i mages and regions of
overlap bl we8RYSFRIcrrays of displayed i mages of the tiled system
pre-war ps each of the segnented tiled inmages; and 5 applies the
spatial -1 um nance transformation function to each of the pre- warped tiled
i mages to effggti vehy sii@ndf cleingBs, wieréinehd fileé disglayplragessor 4drtheFoempyisdsem of
claim 43, wherein the analyzer further segrrents t he hi gh-resol ution, inmage

into the tiledmfRgy.Apsplsd tthe anglyvaer and Iﬁﬁm@tﬁﬁ:%ﬂo‘{'ﬁw&%ﬁ?lﬁﬁ’ %dgion to
h of th t to th
over | appi g r SOPBRegfuohipaict s FRcERier BFfhe ARMEF RS TRAEE JH¥AGHLDN O (1

correct proPOidtéitiedlana allesk-hip-eablafoe ﬁlerﬂpxtlalﬂumhﬁnce transformation ﬁmctlon

40.  The system of claim 36, wherein the projector further displays a
predetermined template on to the screen, the camera further captures an image of the
displayed predetermined template, and the analyzer further determines whether the
20  captured image has one or more undesirable camera characteristics, and generates a
screen-to-camera spatial transformation function to reduce the one or more

undesirable camera characteristics.

41.  The system of claim 40, wherein the analyzer applies the screen-to-camera
25  spatial transformation function to the captured subset of the first predetermined

image to reduce the one or more undesirable camera characteristics.

42.  The system of claim 40, wherein the predetermined template is a dot pattern.

30 43.  The system of claim 40, wherein the analyzer

25



over|l apping region. 15 45. The seanml ess tiled display systemof claim 43,
wherein the anal yzer further pre-warps each of the segnented tiled inages
by procesonzigach of the segnented tiled inages using tReT/US01/27002

di spl ay-to-screen spatial transformation function to provide a first
transforned i nput video, signal such that fhe.one or re, undesirahl e

proj ector charact %?Wtsc%l%ﬁﬁ'éeﬁoﬁg’t?@éﬁl?‘g?’é‘t%% © ﬂ?&g?g’g‘ﬁ?de%%ant P di spl ay
system of cl agigptiped WIRESHTH LBRnIBAOYFRP bhtWdeR e arRBRLF 8SpRTYed M¥RESSE Of the
spatial -1 um nance  transtformation function to each o t he pre-warped

i mges; de- nothediledgsteagch of the applied pre-warped i nages; and 25 applies
a |l ook-up table to each of %{m e- nor nal i]ﬁ%f. i mages before inputting each
of the images i nt oPTRWaHR & OLths seepienied et ia8ES:¥Pend colors in the til ed
di splay i4qmges. 3 f NG j i J j spl ay
(100), cor?}r)nral i Sing: Qppé}eg ;glgesﬁgggq?%gatnlegkh%? téi?1 %%}%ﬁ‘ﬁ@?}h}o‘fngg‘e&%& h; 26
WO 02/ 19704 PEifpedailéRintHyRs todiffoptiesly blpnd celobsiatthofiled displays. pr edet er m ned

i mge on a screen (110) using a projector (120); capturing a subset of the
di spl ayed first predeterm ned image using a canera (130); 5 generating the

rest of the fhgfst ﬂg%té@?gg{r}g%i%@&&m alﬁ[yzgpmglreen due to the

i nclusion of the spat I'n the 1I"mage path using the captured
subset of the di spégyants thi high-rescdidreimmige éctoitinatiled dspidys by addihpe capt ur ed
subset of the first predetermned jnmge wt erated rest _of the

h th
first predét ep?ﬁdﬁ‘@mﬁ?ﬁ%eftlﬁ?ﬂllﬁrrﬁglﬁné‘gﬁ%éﬁf the S@Emfa%ggit‘il?ds‘fr}agi% and _
predet erm ned 'mg%plﬁegtaer%gﬂfg@gn%%ttgﬁ{ &v!éﬁ%%ﬁﬁgﬁ%i&%%%ﬁﬁj pef the first
n P

pr edet er mi ned i mage as o rnore undesir 0] ector characteristics;
and gener at i ngegindhitsitiiay ithozes ¢d eMrsPadrtaat plopativhaif balor hmnihenmvetrhiarn theat can
be

overlapping region.

15 45.  The seamless tiled display system of claim 43, wherein the analyzer further
pre-warps each of the segmented tiled images by processing each of the segmented
tiled images using the display-to-screen spatial transformation function to provide a
first transformed input video signal such that the one or more undesirable projector

characteristics are reduced.

20
46. The seamless tiled display system of claim 45, wherein the analyzer further
applies an inverse of the spatial-luminance transformation function to each of
the pre-warped images;
de-normalizes each of the applied pre-warped images; and
25 applies a look-up table to each of the de-normalized images before inputting

each of the images into the one or more projectors to blend colors in the tiled display

images.

30 47. A method of calibrating a seamless tiled display (100), comprising:
disposing a spatial filter (160) in an image path;
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applied to an input video signal of the projector to reduce the undesirable
projector 15 characteristics. 48. The nmethod of claim1l, further

conpri si Mo oprweessi ng the i nput video signal using the dpeplisg/i7o82scr een
spatial transformation function to provide a first transfornmed input video
signal such that 20 the one or npore undesirable projector characferistics
are reduced. 49. Tﬁéplﬁﬁlpﬁééubﬁetef%ﬁﬁﬂl@ﬁetﬁmm%’rm&?r?&rq%CF‘??&:(lﬁBﬁgﬁ’é‘giang t he
formed first - ined image with a predeterm ned expectation to
determ ne \/\heﬁl{%)ierc{%?&?qybr med first pre-determ ned i mage has the one 25 or
nmore undesirabl e pegihaeigd subbérodeieadisiiyed irstyedeldimingetiingde afing b anmerd8,
further conprising: displaying an imge on to the screen (110); and 30
manual | y adj uéBPlg the projector (120) to have minimal spatial distortion
in the displayed i nage. 27 d of
cl ai m 50, 5\S/\/ner ei n Bal uagﬁnﬁéh%l%\%’%u%ﬁfl%g%? ﬁréop‘ﬁ{cl#l (%rgzgglﬁ%ﬁ%snegggr%g%g y

adj usting onetGhe RN & tRE kpatisl fil1e2Q) 60) Al thelithagé bath tueinghhatapturedigibsst a
simlar size, an overlap and a mnjmal spatial distortion of a displayed

i mge. 5 52. dfibedisphoed Gfst predetersmed Whegei n t he capturing, determ ning and

processing actions are. Lodicallwy r | ai m 47,
wherein the first ﬁ%a@&%eth? .ﬁ@)&uﬁeﬂﬁ%beseﬁéﬁgé g%tt pé‘%% egglﬁlﬁgﬁ%ﬂ‘%&gxﬂ tIhr%e met hod
of claima47, wherftdresCoRhA kN PrddbermiRsd idge!th€ori & SémpevirdEties fisned i mage
not di splayed conprises using an extrapolation function to generate edge
dots not ) sppadetdroined imagehe di sposing of the spatial filter (160) in the
i mge path. 15 55. The nethod of claim54, wherei.n the extrapal at.i

function conpri sesdgemungg W‘g%%{rt@esgfl?i?‘?fa‘?m °S§8I°§ﬁ]§rﬁlr5ﬁ Iy %erg%r. 'Itl)en.mﬂl%e

has one or more undesirable projector characteristics; and

in (@]

=D

generating a display-to-screen spatial transformation function that can be
applied to an input video signal of the projector to reduce the undesirable projector

15  characteristics.

48.  The method of claim 1, further comprising:
processing the input video signal using the display-to-screen spatial
transformation function to provide a first transformed input video signal such that

20 the one or more undesirable projector characteristics are reduced.

49.  The method of claim 48, further comprising:
comparing the formed first pre-determined image with a predetermined
expectation to determine whether the formed first pre-determined image has the one

25  or more undesirable projector characteristics.

50.  The method of claim 48, further comprising:
displaying an image on to the screen (110); and
30 manually adjusting the projector (120) to have minimal spatial distortion in

the displayed image.
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56. The nmethod of claim55, wherein the extrapolating function is selected
from 20 the group consisting of a quadratic or a higher order polynom al
functi onve@d2®70cubi c-spline function. 25 57. The net hod PET/@WR@/21826, wWhi ch
further conprising: sequentially displaying flat field imges of varying
intensities usjng ch of tiple projectors used.in a ti.led displa
system E}lOO) : §i:apt ﬁﬁ‘? H’Gﬁ’@pﬁ@@gofw e 'Iﬁ?rﬁlaﬁ}‘rﬁ B§tlrﬁﬁ‘th93fq}?°ﬁ(§ qomr%§¥ti es
usi ng the canppayaif, LdfistinSBn'or Bl # B8 ofs 12 BAREM Rl ihgbebiilyRges with
respect to the -|ag{¥es Se%%% n‘?owestepﬁuat ofsiltelzg? i n%agegligf&betgﬁéﬁ&g%ﬂlﬁe
mul ti pl e proj dotilar siz¢, BAQVprl&Bandl DRirhal/Pp4atiH@toiSoh/of A6 layde ivaga ni ng a
gama-corrected linearized lumnance at a center of the displayed flat
fiel dI i mges of varying intensities for each of the projectors (120);
nor mal i zi t f1 86 fdeBlod o B0 E’@tnﬁ’i ) 1?%59 - ;
l'inearize _Iu?nf'nancee ateﬁltohgfg%%lepwg?afﬁgﬁ%h p aripéggl? at ?faélla rdlsc%géglg of
varying 5 i nt asiink aepetiodiceldgtepedted.ne nul tiple projectors (120); generating
a spatial function that can be applied to sinmulate each of the normalized
LI at field images for each of the nultiple projectors (120); and
eterm ni ng aczgpat gl - ] t i i IS spati al
function for f)?'ovi gﬁ%bdegiﬁdypggpﬁgg&g%lg%ﬁﬁ%glfs?giég?%%%g?ﬁg%%ﬁta?tt he
mul tiple 10 pagrectors (120). 58. The nethod of claim 57, wherein
sequentially displaying the flat field inmages of varying intensities using
]?Ftch ?f tH: projectors further conprising: defining gray scale |evels of

at field i es i {E sitles: . I t tol i gnal s that
correspond t(r)rg %‘h_e 3&?@%’%@ é)%/arﬁéglgr {év}l rg\ﬁlle%eglg%Pﬁg H{eer}g é’:fltﬁ%%‘ d i mages of
varyi ng i nt engictiet@finine® imdgenotaispRgledorgprivesusing ambetgiotatidatfeiotonitag t he
spatial -l um nance transformation function further conprising: 20 applying
the spatial fgereratondgariql eeiehwlayvieddae tnbe disnesing oberpytal filer (LAA N the o) g
i mages;

image path.
15
55.  The method of claim 54, wherein the extrapolating function comprises a least

squares fit of a polynomial function.

56. The method of claim 55, wherein the extrapolating function is selected from
20  the group consisting of a quadratic or a higher order polynomial function and a

cubic-spline function.

25 57.  The method of claim 46, which further comprising:
sequentially displaying flat field images of varying intensities using each of
multiple projectors used in a tiled display system (100);
capturing displayed flat field images of varying intensities using the camera
(130);
30 normalizing the captured flat field iméges with respect to the highest and
lowest flat field images for each of the multiple projectors (120);
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determining a first set of coefficients of the spatial function for each of
the predeterm ned sections of each of the flat field i mages; generating
t he spat ivad o02/aThance transformation function that can sipOl/ase/278® t he
determned first set of coefficients for each section of the predeterm ned

sections of the normal.ized flat field jmages:;.and determnin second set
of coefficients fo e@%nﬁgﬁﬁa%?'cﬁecg@&%?wwaﬁﬁ? a{qultérg’lf%cti vely.
bl end col ors yRphid fiat A4 FhaRb 85Paryial ifensitléddonBich o4 118f préjediond @Z0); wher ei n
the spatial -lumnance transformation function is a quadpratl c or a higher
order pol ynoni al f nomalizging tROINGidd@ inmesee aitdine ISemipgd ganmeorgeied net hod of
clai m57, wherein, t flat field of v i.ng,intensities conprises flat
field i mages BREGHBH ﬁ]’i‘i‘%ﬁ@?artgﬁ,ce E%ﬁtﬁ%ﬁ&%@ﬁ%ﬁ@%ﬁi%ﬁé‘m%ﬁ@\? YPHE gray
scal es. 555_2-inéré}ﬁitfégrchﬁ’Bf&le%JRiﬁzpr&j@ét&ﬂ%(fIE’O)E her conprises: displaying
a predetermned tenplate on to the scréen (110); capturing an imge of the
di spl ayed predet er geneeatirtigengphttldungionghativen baappleed t¢ sB30)ate datherfiitheli ng
whet her the captured inmage has one or e undesirable cagrra , 10
characteristi e%r;m%hé%@%%%@ Héa%ﬁsrél?feetaéh H_F{]iléﬂn‘{qgﬁ%lpé?lgc"f”fsémh%n‘%pr een (110);
and generating a FoLAERNilOr SATRIRmIRALS ShndfbANebA Rl Risig Mt dpafalt hat  can
be applied to the Images captured by the canera to correct for the one or
more undesi r hicton forgravidingraaeffectiwtdobe.calibrati@n fofleechnef the chudtiple! ai m 62,
further conpri si ng: afﬁhyi ng the screen-to-canmera spatial transfornmation
function & tREIEAs (kD subset of the displayed first predeternined i mage
to reduce the one or nore wundesirable canera characteristics. 20 64. The
nmet hod of claim 62, further conprising:

58.  The method of claim 57, wherein sequentially displaying the flat field images

of varying intensities using each of the projectors further comprising:
defining gray scale levels of flat field images of varying intensities; and
15 inputting signals that correspond to the defined gray scale levels of the flat

field images of varying intensities.

59.  The method of claim 57, wherein determining the spatial-luminance
transformation function further comprising:
20 applying the spatial function to predetermined sections of each of the flat
field images;
determining a first set of coefficients of the spatial function for each of the
predetermined sections of each of the flat field images;
generating the spatial-luminance transformation function that can simulate
25  the determined first set of coefficients for each section of the predetermined sections
of the normalized flat field images; and
determining a second set of coefficients for the first set of coefficients that

will effectively blend colors in the tiled displays.

30 60. Themethod of claim 57, wherein the spatial-luminance transformation

function is a quadratic or a higher order polynomial function.
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conparing the captured image with a predeterm ned expectation tenplate to
determ ne whet her the captured i nage has the one or nore undesirabl e canera
char act ew@n/ewo4 25 65. The nethod of claim 62, wherein dPeplUay/a1g02a
predeterm ned tenplate on the screen conprises disposing a physical
predeterm ned _tenplate gn t he screen, (110 go 66. . The, net.hod of claim
65, wherein tﬁi} prig%F@ﬁ}ﬂdrPg&iqn@ b yoerepmt 81]&%)@61 é’iff’%"ry}ﬂgm@‘?@%l%e met hod of
clai m 62, fur LhRk &MY hsliigas R0 MRMRRbHOAPGELYSRLLRE 00irs TSARERL i NG a
hi gh-resol ution P%age to Porﬁ?tiled inageg’baé d on an arra? of I'mages in
the tiled di sptayygcalyst em (100); pre-warpi ng each of the segnented til ed

i mges; and applying the spatial-lum nance transformation function to each
of the pre- 5 warped tiled imges to blend colors in the tiled display

i mages. 685 Thg, met kad bn gl @Fcif 57 Wﬂﬁ%Qh SCOMRRLEHNT a high-resol ution

i mge further bonpr?gﬁhg:(?hputtihg t he ﬂ?gh-?@%ofution i mge; 10

segnent i ng t he hi ghispagmgutpredetérmigel tbmpiate on tohthe térkad(lilpges based on the
array of images in the tiled display; adding pr edet er m ned, ovlelrl ap%)i ng

region to each of cH¥uERgGHLIIasE of theghislayed predsissmined jemplateHsingdhe @B Ron t o
t he overl appi egion of each of the 15 segnented inmages to ensure a
correct proportion of color lumnance mx in the overlapping region. 69.

The met hod of cl ai geterninimierkitherfheeapturpd figagedmb oné ot meresageErbidcanidred
i mges further conprising: 20 processing each of the segnented tiled inmages
usi ng t hel@i sphaigeterdstiesr een spatial transformation function to provide a

Lt st o e, LR SO R R Gy = 0 7 edce
generating a screen-to-camera spatial transformation function that can be
applied to the images captured by the camera to correct for the one or more
undesirable camera characteristics.
15
63.  The method of claim 62, further comprising:
applying the screen-to-camera spatial transformation function to the captured
subset of the displayed first predetermined image to reduce the one or more
undesirable camera characteristics.
20
64.  The method of claim 62, further comprising:
comparing the captured image with a predetermined expectation template to
determine whether the captured image has the one or more undesirable camera
characteristics.
25
65.  The method of claim 62, wherein displaying a predetermined template on the
screen comprises disposing a physical predetermined template on to the screen

(110).
30 66. The method of claim 65, wherein the predetermined template is a dot pattern.

67.  The method of claim 62, further comprising:
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70. The nethod of claim67, wherein applying an inverse of the spatial 25

| um nance transformation function to each of the pre-warped i mages to bl end
colors wobhe7vd4 | ed display images further conprising: appryseige7e62 i nver se
of the spatial-lum nance transformation function to each of the pre-warped

applyi ng 5 | ook- up EBPENE § DB G P ge IR T Boreen BEd P A APBY Phe o
second transfgﬁ@@giﬂtﬂgmedvdigﬂ%; k@RAllobR each of the one or nore projectors

(120), respectively. 31 WO 9704 PCT/ USQL/ 27002 71. A nethod of

reduci ng one or nopre-warpingicactbdfthe bepnzantesitiled images;and tiled di splay system
(100), conprising: nerating. i mage of redeterm ned dpt .pattern using
a line generator; alg’%ﬂ%l% eﬂﬁ?f"gﬂ?]ﬂ@l %‘E?Iﬁ?(gglaﬁ%é’éw@?n Fon CﬁP@ﬁ’&Pé?'m ned
dot patters Oafa4fledSffa8&tobldidcolbs ot Qi imaed®0) i ncluding a
spatial filter a%l%g%e toagodgl ate CIoi ght to1 prcl)ﬁﬁc}g aa(gseam ess tiled

di splay; capturing the displayed i nage of the predeterm ned dot pattern
using a canera; 10 conparing, the_captured predeterm ned dot .pattern with a
pr edet er mi ned®® exp&ls ®g Gtoi%ﬁﬁ’{l{lé? VR SEEPFRS %ﬁqgi!t‘ﬁ‘sesf’lqt‘r% “Elégengﬁt?‘er

pr edet er m nedc&%ﬂs@l@g.tern has the one or nore undesirable projector
characteristics; gerérating a display-to-screen spatial transfornation
function that can heuttmgphé kightresohnionnmage;vi deo si gnal of the projector to
reduce the undesirable projector 15 characterjstics; da\nd processing the

: ; Si
i nput vi db si gnal seggeRyng e haghsrsalption Iggede forapiheitile 1Iqqgg§,§qs§$ rati%n
function to p | J ; : med i nput video signal such that the
one or nore undesi rg%?‘tég%r%%?{elfg?g?sgc aracteristics are reduced. 20 72. The
met hod of cl ai m 71addihes piedereaninad ongldppingfrogior b ¢ckdétierspmented dhagesat t er n
with a predeterm ned expectation dot pattern further conprising:
cal cul ati ng d#d | ocations by subtracting a bl ack captured i mage fromthe

applying a ramping function to the overlapping region of each of the
15  segmented images to ensure a correct proportion of color luminance mix in the

overlapping region.

69.  The method of claim 67, wherein pre-warping each of the segmented tiled
images further comprising:

20 processing each of the segmented tiled images using the display-to-screen
spatial transformation function to provide a first transformed input video signal to

each of the projectors to reduce one or more undesirable projector characteristics.

70.  The method of claim 67, wherein applying an inverse of the spatial-
25  luminance transformation function to each of the pre-warped images to blend colors
in the tiled display images further comprising:
applying an inverse of the spatial-Juminance transformation function to each
of the pre-warped images;
de-normalizing each of the applied pre-warped images; and
30 applying a look-up table to each of the de-normalized images to provide a
second transformed input video signal to each of the one or more projectors (120),

respectively.
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captured i mage; and sorting the calculated dot |ocations with known dot

| ocations of the 25 predeterm ned expected dot pattern. 73. The nethod of
cl aim 71 wohzt®dhn generating the display-to-screen spati aPCTUS@RTH@r mat i on
function conprises generating the display-to-screen spatial transformation
function based on an outcone of sorting the cal cul ated dot |ocations 30
with the known dot |ocations. 74. A seanless tiled display system (100),
conprising: 32 WOAQRLHST BftreRbdihHo b2h8R%mdedRBld Mardetdrisfits ihhGdd | ncl udi ng
a spatial gradient profile dispoSed in an imge path between each of

mul ti pl e proj display syst2 () 00 mbngprsorgeen (110), respectively to produce a
seanl ess tiled di sgéay éaéOO).; ac rrerge%%?w%fatipc%r capturing.a subset of a
first predetern ne&ls ansmag%ﬁaaa@;s LRI PRUPHAISHAZ 4 ) g?nﬁliagirectors
(120); and a til edgdi £5S0 mul tiple
pr oj ect orgIS (120) gﬁgﬁ%gx%ﬁ%%rga (1%13%%6%%?%%%%%%%05 otﬁngg??;@processor
(140) f urt her scremnfii 0)suesing apropastdr y 724)) ifddiding & spagmhihiat @ 60hte mebilatetighthe

first predeterm ned inmage 10 that is not displayed due to the disposition
of the spati afo Jrpfycsra seamlss filsdidiplay; nage path between the projector and

t he screen, wherei I i i i
predeterm ned i mgghwtgﬁg}gégdg%%ﬁg Sog‘gn;ee;%r Q%t&ﬁ?ﬁ%@(}(ﬁ%g{té%ﬁ%ggtaer m ned

i mge to fornean@enposite of the first predeterm ned inage, wherein the
anal yzerm{810) det erm nes whether the formed conposite 15 fjrst .

predet er mMhed i mageoRpainghe saptwsd predavaamed doipalier) with goredeteamireder i st i cs,
and the analy further . ifl | -4.0- i

Franst or mat | SE GO bR A bR WL B Rt e RERELATH: SRR R

t he proj ect or tHene @d utge ifidesitalsle piojedidrechaneefisidspr characteristics; and 20
processes the input video signal using the identified display-to-screen
spatial transf or nagensietingcdifiay-tosopeaspatial rapsipapationfHagt 4 ©APEt vi deo

applied to an input video signal of the .proj ector to reduce the undesirable projector

15  characteristics; and
processing the input video signal using the display-to-screen spatial
transformation function to provide a first transformed input video signal such that

the one or more undesirable projector characteristics are reduced.

20 72.  The method of claim 71, wherein comparing the formed predetermined dot
pattern with a predetermined expectation dot pattern further comprising:
calculating dot locations by subtracting a black captured image from the
captured image; and
sorting the calculated dot locations with known dot locations of the

25  predetermined expected dot pattern.

73.  The method of claim 71, wherein generating the display-to-screen spatial
transformation function comprises generating the display-to-screen spatial
transformation function based on an outcome of sorting the calculated dot locations

30 with the known dot locations.

74. A seamless tiled display system (100), comprising:
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signal such that the one or nore undesirable projector characteristics are
reduced. 25 75. The systemof claim 74, wherein the processor (140) further
conpri sew@oz/eonpar at or (820) coupled to the anal yzer (81BfTAUSOWHO® Ve t he
formed conposite of the first predeterm ned i mage fromthe anal yzer (810)

d h d d : i ned
"rmge i th a predet Srnhbbe BOCAEREE TRa Erliont RO EBheRTRE Fofiieg
conposi te of p4R bhiwesh e%ﬁ&ﬁh@lﬁﬁleﬁﬁ@ebﬁﬁﬁﬁz%%g%ﬁ%rge%g 5 1@@ dERyEy to

undesi rabl e projector characteristics SOL/ 27002 76.
The system ofpmﬁawnsmlnleﬂséﬂ@idlsplhse(lﬂ[)),st predet erm ned i mage is a dot

tt . 77. Th t t 810 t
Phe rest of tho shprnae (bi0idot defieined e bRE e R BRes Ton
function. 8. 4lhg @?%hq)ffﬂgﬁhllﬁbfe?proj\é@@keclgo)t hgg extrapol ati on function

u

conprises a | east ares fit of a polynom al function. 10 79. The system
of claim 78, wher ebtiladdisexy pmpessat (160), teupded t@rBaCISOETébmlmalemr@mtoltShe group

consi sting of ratic or hi her order nom al and a
cubi c-spl Pne. (dAdEREle etk ylvetn B SRS tsmere A0 HEBahal y ser
(810) further ﬁ Igegpl ays flat field images of varying intensities using
the projector % and the canera (130) captures the displayed flat

field images of varyi ngahahaiymdr(%]émo gereratethezes of the fusiyradaetnfinet infagel d

mage th respect to hi | owest gra Iefl d
et ormi neld o gammalisbie bare g obadremRn R ate etal b Ehign e "
di spl ayed flat fi e%lﬂ?f%eﬁﬁ%‘?ﬁe%ely ﬁl'é%ﬂgcthp&ﬁr{ﬁé bdrEh, v@l@ﬂnﬁ HlelaR 8170

normal i zes the fla I mages Wt et erm néd gamma- correct ed
l i neari zed | um nabe@bhies tm%eﬁaateérﬁrﬁfpretdwmlmmnlmmgdmmahe ¢apairad sumgazf of

varying intensities; and identifies a spatial functi t pplied
to simulate each ofhefist prsdstampinedinggs o form acqmpasEe Ogﬁ’ﬁ f{f}g‘t%?(fﬁ %

opat al U nance 6802 AR oy R il o Bhndt Ohigate o
15 first predetermined image has one or more undesirable projector
characteristics, and the analyzer (810) further
identifies a display-to-screen spatial transformation function that can
be applied to an input video signal of the projector to reduce the undesirable
projector characteristics; and
20 processes the input video signal using the identified display-to-screen
spatial transformation function to provide a first transformed input video

signal such that the one or more undesirable projector characteristics are

reduced.

25 75.  The system of claim 74, wherein the processor (140) further comprises a
comparator (820) coupled to the analyzer (810) to receive the formed composite of
the first predetermined image from the analyzer (810) and to compare the received
formed composite of the first predetermined image with a predetermined expectation
to determine whether the formed composite of the first predetermined image has the

30  one or more undesirable projector characteristics.
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81. The system of claim 80, wherein the analyzer (810) determ nes the
spati al -1 um nance transformation function by applying spatial function to
predet er waediwecti ons of each of the flat field i mages; Ber@soware® a first
set of coefficients of the spatial function for each of the flat 30 field
i mges, and further identifjes the spatial-lum nance .transformation
function thaf®canlT8s w5t ef ¢lpm Zj‘ét"@reFﬁ"ﬁg“tT Arﬁti'%r‘?&éﬁmﬁ?da%f’ﬁ &f¥nts for
each sectiongﬁﬁv@?e predet erm ned section of the normalized flat field

i mages; and '02/ 19704 PCT/ US01/ 27002 determ nes a second set of
coefficients for the first set of coefficients that wll effectively blend
colors in the tiled displays. 82. The system of claim 81, wherein tﬂe
spatial funct7bn iEh%lsysg‘éran deim Tb rheran theanalyaer (358 senpratas s w5t Afthe | aj m
82, wherein t ial = L t i function is a quadratic
or a hi gheS;1 oﬁ%&?l%géﬂe%%lf#a %ﬂ%@ﬁ%ﬁ&ﬁ%}g&gﬁéﬂ f})lﬁgtlésﬂ;st em of claim82,
wherein the flat field inmages of varying intensities conprises flat field
i mges of nmonochrone, red, Preen and bl ue colors of vyarying gray scales.
85. The syst ef$-of Ehepysiempof ¢y &7.rwhepein the f‘éf@aaﬁﬂémra@mﬁ%{%%%@?see 3 et
further 15 conpris Ly . 0):,...coupl ed to the anal yzer (810) and the
conparator (8 res {8?§¥§ eoégﬁﬁéy%gPTected |l inearized | um nance at the
center of the displayed flat field imges of varying intensities and a

| ook-up-table for the spatial-|lumnance transformation function. 20 86. .
The syst el of 721 ai Thegystanhef elrim 7hevisren deg witrapalptign functiois sglesish dpen 5
predeterm ned, tenplate on to.the reen,(110 : rther
captures an pﬁﬁﬁ'm%gn?ﬁﬁn%Pg%ﬂﬁ§% wﬁF@&éég?hyﬁ%ggpgﬁgﬁg?g%ﬁgﬁépé%e

anal yzer (810}ydislhIdgs funbtedrer M nes whet her the captured i mage has one or
nore undesirable camera characteristics, and generates a screen-to-canera
spatial transformation function to 25 reduce the one or nore undesirable

canmera characteristjcs. 87. .The st.em.of, cl aim 8 erein the anal yzer
(810) appliesgﬁhe g%?éﬁﬂ??8f°%ﬁﬂé=ém§ﬁgPﬁg?megﬁE§%p Sh function to the
captured ggbset of gideyE ABSeld images of varying intensities using the projector (120), and

the camera (130) captures the displayed flat field images of varying intensities;
normalizes the captured flat field images with respect to highest and lowest
gray scale flat field images and determines a gamma-corrected linearized luminance
at a center of the displayed flat field images of varying intensities, and further
20  normalizes the flat field images with the determined gamma-corrected linearized
luminance at the center of the displayed flat field images of varying intensities; and
identifies a spatial function that can be applied to simulate each of the
normalized flat field images and determines a spatial-luminance transformation
function using the spatial function for providing an effective color calibration.
25
81.  The system of claim 80, wherein the analyzer (810)
determines the spatial-luminance transformation function by applying spatial
function to predetermined sections of each of the flat ficld images;
determines a first set of coefficients of the spatial function for each of the flat
30 ﬁeld images, and further identifies the spatial-luminance transformation function '
that can simulate the determined first set of coefficients for each section of the

predetermined section of the normalized flat field images; and
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predeterm ned i mage to reduce the one or nore undesirabl e canera
characteristics. 30 88. The system of claim86, wherein the predeterm ned
tenpl atew@ozidot pattern. 35 WD 02/19704 PCT/ USOL/ 27002PCBOS01I4T002SYySt €em
of claim 40, wherein the analyzer (810) segnents a high-resolution inmage

into tiled i d f . di d.i . i f
over| ap betwees & HaTHAgE Sro e bRemieaRE MBS Bl RESF A g RIE So0)
5 pre-varps egfle@ictvls visarm:eth th kied diggges; and applies the

spatial -1 um nance transSformation function'to each of the pre- warped tiled
images to effectively blend colors in the tiled displays. 90. The system of

claim 89, wherein e apal r. (810), further 1Q segnents.t iy
hi gh-resol uti®n i nig‘ésxs%ﬂ%gfﬁélm ?\1’8%1’6&1% Cpan Pay? g’cgg?lgﬂ%?lrer n ned
overl appi ng rggk@s.to each of the segnented tiled inmages; and applies a

ranmpi ng function to the overl apping region of each of the segnented tiled
i mages to ensure a correct proportion of color lumnance mx in the

overl apping region, 15 91. e seanless tiled.di.splay system of. cl ai m 89,
wherein the aggl y_z@?e R OEQEH“% Wlﬁ%n%sﬁgtlagéﬁlﬁc? ﬁ%nsg Ated tiled
| mges by progegghing o ?ra%owﬁj heCHIB Y Rthdnibe@nidBrges using the

di spl ay-to-screen spatial transformation function to provide a first
transforned i nput video signal such that the one or nore undesirable 20

proj ector characteristics are reduced. 92. Th am ess_ til.ed.display
syst em of 1&| aPf 91Thepmustcan AL ¢laEn %ﬂ%@?%}(@{%%efdﬁmﬁgﬁ%?f%ﬂpgé@e% 1985nver se

of the spatial -] um d R i ai;:lﬁ?g'

pr e-war ped in%%%@?gegglg ﬁ%?lﬁé |‘§Jéq’§rfeacbag? ifnt%’rrlll(eéhh%gﬁ% pﬁgg%grrsp%? iI"mages; and
applies a | ookraypcdledl € to each of the de-normalized i mages before
inputting each of the inmages into the one or nore projectors (120) to

bl end colors in the tiled

85.  The system of claim 82, wherein the tiled display processor (140) further

15  comprises a memory (830), coupled to the analyzer (810) and the comparator (820),
to store gamma-corrected linearized luminance at the center of the displayed flat
field images of varying intensities and a look-up-table for the spatial-luminance

transformation function.

20 86. The system of claim 82, wherein the projector (120) further displays a
predetermined template on to the screen (110), the camera (130) further captures an
image of the displayed predetermined template, and the analyzer (810) further
determines whether the captured image has one or more undesirable camera
characteristics, and generates a screen-to-camera spatial transformation function to

25  reduce the one or more undesirable camera characteristics.

87.  The system of claim 86, wherein the analyzer (810) applies the screen-to-

camera spatial transformation function to the captured subset of the first

predetermined image to reduce the one or more undesirable camera characteristics.
30

88.  The system of claim 86, wherein the predetermined template is a dot pattern.
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di splay i mages. 36

WO 02/19704 PCT/US01/27002

89.  The system of claim 40, wherein the analyzer (810)
segments a high-resolution image into tiled images based on an array of
displayed images and regions of overlap between the arrays of displayed images of
the tiled system (100);
5 pre-warps each of the segmented tiled images; and
applies the spatial-luminance transformation function to each of the pre-

warped tiled images to effectively blend colors in the tiled displays.

90.  The system of claim 89, wherein the analyzer (810) further

10 segments the high-resolution image into the tiled displays by adding a
predetermined overlapping region to each of the segmented tiled images; and

applies a ramping function to the overlapping region of each of the

segmented tiled images to ensure a correct proportion of color luminance mix in the
overlapping region.

15
91.  The seamless tiled display system of claim 89, wherein the analyzer (810)
further pre-warps each of the segmented tiled images by processing each of the
segmented tiled images using the display-to-screen spatial transformation function to
provide a first transformed input video signal such that the one or more undesirable

20  projector characteristics are reduced.

92.  The seamless tiled display system of claim 91, wherein the analyzer (810)
further
applies an inverse of the spatial-luminance transformation function to each of
25  the pre-warped images;
de-normalizes each of the applied pre-warped images; and
applies a look-up table to each of the de-normalized images before inputting
each of the images into the one or more projectors (120) to blend colors in the tiled

display images.
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