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increasingly taking over the narkets for large displays used outdoors and
in publ |(%1e$irﬂtﬂé§renw@ﬁd@s"reaﬁiarlﬁ‘@%fhép #hd shopping nmalls. LEDs have long life
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are significant problems to building large tiled displays using projection technologies. For example,
each projector has a slightly different color gamut caused by variations in the light bulb, the color
filters, and the digital processing (contrast, brightness and gamma) for each projector.
[0004] On the other hand, LED arrays can be made very precisely with respect to specifications of
the color wavelength required. It is now possible to match the wavelengths of the output light to within
+/-3nm. The light output from the LEDs is “purer” than the red, green, or blue light output of a lamp
and color filters, and has a half power bandwidth of less than 30nm.
[0005] LED based displays are increasingly taking over the markets for large displays used
outdoors and in public areas, such as, airports and shopping malls. LEDs have long life times
compared with projection bulbs and have excellent color performance. LEDs can be manufactured to
provide deeper reds, 635 nm, for example, than is possible with the standard red phosphors (615 nm)
used in the NTSC standards based CRT displays. In addition, LEDs have a very high dynamic range
leading to excellent color performance.

[0006] The displays that are presently being constructed and used employ individually mounted

red, green and blue LEDs or modules having a small array of red, green, and blue LEDs. Figure 3
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engine using a substrate with multiple columns of RGB LEDs and a rotating mirror;

[0019] Figure 9 shows in flowchart form, for one embodiment of the invention, the procedure for

alignment of top and bottom pixels to the screen edge;

[0020] Figure 10 shows one embodiment of the invention illustrating the final assembly of LED
display modules and adjustment procedures;

[0021] Figure 11 shows one embodiment of the invention illustrating a large LED display built

with smaller LED modules; and

[0022] Figure 12 shows one embodiment of the invention illustrating a configuration where

adjacent modules have motion in opposite directions.



[ 0025] In one enbodi nent of the present invention, a |large LED di splay may
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[0026] In one embodiment of the invention, a large display is built up using the LED display
modules described above. The modules are carefully placed so that they are close to (or possibly
touching) each other and are aligned top and bottom and on the sides. The tiled display needs to have a
nearly invisible joint (seam) between the tiles to be widely acceptable to users. There are 2 conditions
that need to be met in order to achieve this:

1. The interpixel gap should be visually identical within and between tiles; and

2. The angular distribution of the intensity of light emitted from a tile should be the same at the
left and right and at the top and bottom edges of a tile.
[0027] In one embodiment of the present invention, the 2 conditions mentioned above are
achieved by adjusting the start and end times of the energization of the LEDs. This adjustment is
checked when a module is constructed and is re-checked when the display is assembled with the
individual modules. This takes care of the vertical seams or pixels at the columns on the 2 vertical sides
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smaller size. This image is communicated 503 to a magnification means, such as magnified by the

magnifying optics of one or more multi-element aspheric lens 504. These lenses may be made of glass
or optical grade plastics. The lenses are designed to minimize distortions, especially chromatic
aberrations. These converging rays of the image are communicated 505 and impinge on a screen, such
as a non-glare acrylic Fresnel lens screen 506. The Fresnel lens is designed to converge the diverging
rays so that they come out substantially perpendicular to the screen.
[0032] Figure 5B shows one embodiment of the invention 550 showing how a module is
assembled in a suitable frame to achieve a cross-section. The LED display engine 552 produces a
display that is communicated to the magnifying optics 554 which communicates the image from the
display engine 552 to the acrylic Fresnel lens screen 556. The lens subassembly (including the
magnifying optics 554) is assembled in the mechanical package at the nominal position to create the
required magnification on the screen 556. There are adjusting means (such as screws) to change the
distance from the LED display engine 552 to the magnifying optics 554 subassembly (“a”) and the
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addition, to get the maxi mum | um nance at the screen, the nmagnifying | enses
are designed to have a low f nunber. The total thickness of the nodule is
const r ai &0 2bgs/asB®6f act that the wi der the angl e of thepPcens2aism4i7oner t he
illumnpnation at the edges. It is known that the |um nance of a magnified

i mage atdiddngd Hod M@l sGreéh ¥7th @ 1@Sest 38 (‘BOS 4A (digr.distiMs®n iwtill daildhs Beckidor i M t t he
angle to the corner to be | ess than 45 degrees. The fall off in I um nance
from t hedvgmedistapes ‘AeadcPéen to the edges can be conpensated somewhat by

drivi ng [bé¥3] LEDR die etnB&diReete$ thl ddvdtion fomuiiniFeaB thicR@esHof the nbdulaspade) t han
at the center. The fal| off in |um . nance is cal fromthe center
t hus t hefidition & g s ApNwn Juglipages & hescige), gﬁéﬁ‘%ﬂ}t}ﬁf’% n3gh Arewetred SEha at i on

it IS passirRhdbdr OTRUblabthicR st bit tBSinedusPk dYftraih&034he ﬁbighlz{t €hebriGdiahsanglR®f
enbodi ment of the present invention 600 jn bl ock

ram f or he
di spl ay ol the owet thaﬂluawraag%n #fthq sdepsilisp gy et die 3&111 Sy me%%%edim’fge at
t hr ough RQPmBR)e. vaﬁ&ehs &iéQ'Jas qby. %u@i& is4wist toTEhGH tRSanigR t6 £H0\0Brmp 16 bOlebsxhdry43 n
Figure 11 as one enbhodi nent of the invention 1100 %fl;g ?ﬁéemtakes

i nput, \earaes- 3s falkpTiip ppinange frwthegeniet e RoicrPR fodhe e IEEER or in

ot her VEsfewhaabflafieing ME MBDs af the dd3es hetdde@hSipadiating ﬁlotel’luﬂﬂlaﬁdégthﬁrﬂditﬂhe(&ﬂﬁéh as
NTSC, ATSC, PAL, etc.) it is first cglpverted into digital % The

di gi t al ThefISathindrmigaiss is ymmericalifm te ceater A there we pARPAEE 12 Ueri al
digital tﬁ%ﬁn@bvﬂﬂa&myeakdﬂ@ﬁ1ta§1§bsﬁalatwtﬂdtﬁeqllaitcﬁ§p&ya full frane in the | ocal

frame buffer nmenory. The controller and director 604 now nas e

al ter sdA®S4bs tﬁ@uﬁétsgo‘éi%"%embo‘ﬂ)‘@e’étﬂﬁrhﬁlpﬁéﬁlt [nypRifon %géﬁ%kh’&g&ﬁrfl %H'g The

conf i guratp @EpIRf cohfifis 6 RkY of SRIDABSlay Moduld (flieg) (502 AtthlogeHEITARY). Cnbeuch

controll er and director 604 decides_how and which data to send t101p§ ﬁa}
q

t he LED a¥a%pf 4y masylss sshewppicteriallyin Fighig 1 6ponsfmbodipat ofdhednyentien

her e maysyQem Biked) o Pt ﬁa@rmb @1 stéﬂdalﬁ ARG $@nlse OB TV T, ABRA/HOAD&0N pihyel s
and u3|n blts f or each Bplxgoand V\A%S%éﬁjre rate of
120Hz, A wswésslpgnal%% (Feheds N §Ce€fglncﬁ°n?éh‘ﬁ this
data COLﬁrQ c@ﬁzeﬁ@d“ﬁﬂcﬁﬂi ita RGBabinY, TUS HiBHal RAE dl@iaﬁgdem tﬁ@-&ﬂn&oﬁrbﬁf&]ﬁ&toﬁ%%
optical fiber links. [0035] Fi ?ure 7 sho One‘ﬁ&ﬂ nbodi rre t . of r sent

i nvent i dfere e s it %‘%ﬂal walyep, atg (captprediiosire A drame eﬂ?il aén
i nf or mathQibri. Mht BentfoRErna tirdet 04 Aby BéW ﬂlamg&ur@tﬂerlssm@@mwuuc@tvﬁd bto the
controller 702. The controller 702 i.s i n comruni cg‘i Vi aé)zaitl W th

non- vol £&PRisediatenr Yerpnding qiibe eonbigpiationsf theghsplay, gt oSy -4%

W th a ik &Iﬁrdn%ctfnr @m%ie&&%fsfh% 2B FhR Bith @ serfdld eachE tHIRAAD @hplSrmddilesi s i n
comuni cation via th position sensors 710. The controlélﬁﬁ)r 702

comuni d80%5! ‘xl?{oélghi@@ ‘W‘)t ﬁheadmteﬁﬁﬂiu‘aqdrhﬁ&? mey pe e fonsample; 4 Van opti cal
out put  78xutiBhef BRO Qﬂbﬂ?@kel@éﬁdﬂﬁﬁlg $ib@fRk catBR, f}oﬁnd@ﬁlkéllaﬁdﬂ wRE B fBifesh ratthg

position sensors 710 t he opti_cal S|gna 709 and _co icate it to
t he conti28Hp@rdataggte of 2‘67491 ﬁBYFﬁ@ igeriegpIgue syrbadiment this, daﬁ%@‘{}?&el&é’q nput

Via 717 SOARUBhE RIS dcRE:bl BeicRt bPidleRb& Bnilo whi ch provi des cont rol | ed

notion for fthe LED . . . L
[0035] Figure 7 shows one embodiment of the present invention showing more details in block
diagram form. At 701 is RGB information in the form of a serial stream which is communicated to the
controller 702. The controller 702 is in communication via 713 with a non-volatile memory 712. The
controller 702 is in communication via 715 with a memory for a frame buffer and control 714. The
controller 702 is in communication via 711 with position sensors 710. The controller 702
communicates via 703 with a RGB LED array 704 which has drivers, an optical output 705, and an
optical output signal 709 for position sensors. The position sensors 710 pick up the optical signal 709
and communicate it to the controller 702 via 711. The RGB LED array 704 also received as input via
717 communications for the motion device 716 which provides controlled motion for the RGB LED

array 704. The magnifying optics 706 receives the optical output 705 and communicates it via 707 to

the screen with a Fresnel lens 708.



array 704. The magni fying optics 706 receives the optical output 705 and
comuni cates it via 707 to the screen with a Fresnel |ens 708.[0036] Figure
8 shows owe 2eissionent of the invention 800 for creatingca/use@ploazro802. | n
this approach to creating a display engine (unlike that of Figure 4) the

l'i ght Sgbrb%? | SEfGe sTRWEC@mEsAALR of 18 ifleMn®00 firafdagig a dikigay 5011k tgOUr Ce,
conposed of "nultiple colums of RGB LEDs 804 is held stationa %%‘Eand a

mrror QpBopcdtp @P%ﬁnéé displgy crsingynigke tags obFigyre A1 the L poyres 1§ PYIARWSE K& S| r ed

i mage 8Qi qidlhs; Hakr, te P dobRk,RomBb4IBEmAtip R kB Sr rabs DRBs 8041 aMing t he
required bri ghf ness because in nost cases a si n%I e RGB coIASJerm I.S nat

suff i ci eftipgarpindgrpironBlodbipiicd (or & st Srn o gIvafeisio seegte e deped dgage 380G,

preci se Thater FahHiAO iR odRER mbsruuswmlepﬁg HeQ6quiaY bilghtRd bebasdinandsegi ons
handl ed by correspondi ng RG cgl ums ulation of the LEDs fo paint

the di sprsgyaringls 8‘%%@?11%1 i§ Yot eHitisIenebrishi- Mpreaver. sREHE gD 5p/Prat may b PR%duse
of, for a?ifé}w}e@lse RtePlals'a4 tHe @ﬁsblay Qi&m‘ﬁeﬁ?;h%@éd 348%e shHint® 'i'Qg\Mhs hindidddyre 8 are

optlcsthat e situated bstrate with myltiple colums of
RGB LEDsorrss@ancérrgoRfﬁlﬁéolretlSatThfwaorlﬂlr‘froapf B &EDs fRpagrt thsshispley ippggm be

si t uat edy RGENBRAwith ther&hidlol figtofih ERfusSHSfoR rr{pl'éea sl drpeatiGORndoh 8o Nhe
i mage is displayed. [0037] Figure 9 9 shows in

| omchart form for
enbodi mshewnm Higee § #ro et diat Banbe tijaed pgwesgdhesubsiateay ifiyRRERE © f‘m%% Rﬁ%
bot t om RiptRY §o4taBd thR SotHflp @G 00508 Candfok decs tHedtehhy ek sivadted Bugw ebh €heabtatiftemirkob
arrays, the top and bottomLEDs in all the colums nay be made the sane

si ze, or808pndjie puyfas¥2  vdierathaimagn s dPlE?d LEDs in the col urm. The modul ar

LED di sph@sy) has rRuftRchewn & dlowtka B, Fol b BlibddiBent B 1he Ui eRRA00) err&;ﬁocearie
al i gnment procedure is as fol lows: 1. The process is started 902 %y
The

assenbl itppligoment pEtop s bt Pixelsdn freneregyrdge- t et dudnsmipiacturg offhe L

magni f yi ey Offei&5and $8@HPLEDE B 2GRS nia ?rse madb thd 5O &'sﬁgtﬁly&ﬁléﬂérlﬂihn
Fr esnel Iens screen i s then nounted 908. It should be not ed that the

assenbl yheehgrdEDs dnthp eolype o His medveg LER d&ﬁﬂrya%?efrlec guica) framge gomqunt e variqys o

1, 3 an%ﬁlgo&ﬂts Phe 2feMhGEProsddaRal as'féllcﬂ?@w applied to the assenbl y to display
surtabl e patterns for adjustnent 910. 5. The t}gg and bottom of the screen

are checked tlo Heerqcrssrswéaﬂﬁri%’%%Yaareelbma%éhe% drelay grgnespipthemechapical; pay
are not gljcgned, the screw that changes the distance fromthe LED engine to
the lens 914 is adjusted to make the alignment. 6. The inage on the screen
i s now checked Thompgikiying gptées epsgmblyds 3dded 6msxtys 916. If it is not in focus,

the other screwd ﬁtﬁﬁtglﬁeQé&l@ér%nuh&s%@éﬁa%nhroeﬁfbdm ttemsuld © doh@ dRefREN i S
adj usted to focus the inmage 918. The alrgnrrent of the Jor xels to the edges

i s checleswmily spefr campriaceemplishesdsis gnxordelj Ligt @b 3> Hpted 1, 5 and so on.

4. A video signal is now applied to the assembly to display suitable patterns for adjustment
910.

5. The top and bottom of the screen are checked to see if the pixels are aligned to the very edge
912. If they are not aligned, the screw that changes the distance from the LED engine to the lens 914 is
adjusted to make the alignment.

6. The image on the screen is now checked to make sure that it is in focus 916. If it is not in
focus, the other screw that regulates the distance from the lens to the screen is adjusted to focus the
image 918. The alignment of the pixels to the edges is checked as well and if necessary adjustments are
made (not shown).

7. It is important to ensure that the top and bottom edge alignment is not compromised.
Suitable adjustments are made to ensure that the image is in focus and is aligned. The positions of the
screws are fixed (for example, using a suitable epoxy) 920. The final assembly, including coverings for
the sides and the back are mounted 922. The luminance of the LEDs of the display module is measured
and any correction factors are stored in non-volatile memory in the module 924. The display is then

completed (done 926).



made (not shown). 7. It is inportant to ensure that the top and bottom edge
alignnment is not conprom sed. Suitable adjustnents are nade to ensure that
t he | magewdD20ans8d6us and is aligned. The positions of wrhe/usessmns27ase fixed
(for exanple, using a suitable epoxy) 920. The final assenbly, including
coveri ngeo3spr t barisd desnbdnel alhge Hra Kisplay shounduelilasiRPemboldendntiofi thaingentiofy t he

LEDs of the displ s neasured and any correction factors are
stored i 918??‘”\96‘?%%}11]3&81?&?@ IQIW’inﬁStFPFeaI?T@g?ﬂ'e 924. The display is then
conpl et ed ( doneh&RAB6duldsAEb3BduntddionAGigaaeiliyal @hmeasd itgkerd isinedambespieayhe shown
such as the enbodi nent of the invention 1000 shown in Figure 10, the

fol | owi MP%EEps are taken: 1. The nodul es are nounted on a rigid mechani cal
frame so that2 WhesRingDS he n@amebiebmem itdrhe Bpeh A8 stoded ﬂolmwripjnnglmﬂ)itebler

nodul es ntered into th tem and r d|n t Director
chi p. Fcﬁh‘pe% QhpREPle; ¥ modylg, éS J‘i‘cgntéﬁlfnﬁglaﬁg (E TI@QE ‘%‘# £ e right
ggnd s: ldﬁ#foﬁlflatrﬁ}usetnfbtéilmtﬂilﬁl’sy%éﬂlOR is entered |nto the system 3 The
ntroller chi p..reads .t he nance v t he nodul es. 4.
This' it or ot Sh Soreede iR o B MBPeg B o by e e bl ended
¥a: :Jes of aszﬂ@ﬁiaﬁanmeblsalmwS tﬁa@oﬁm@uermectbmﬁm\caaﬁ blehéedwelues cfaddjaséndes as
ol lows: .Lnew = v wher V|sthe bl endi ng factor and
usual | y Rixeds o2 the 1op, € %I?_Oﬁtg\(ﬁaf‘g hfﬁggﬂﬁﬂa’gfseﬁ PShence LOId is tﬁe unadj ust ed
Lum nance Ladj,.j=svLie- @hadjusted adj acent pixel |um nance These are the
updat ed bl ended LED excitation values sent to the relevant nodul es. 5. The
bri ght ness nd¥55's for the various nmodul es are known by the Controller
Director. It v s thoSisidteradter dudivkehllyloes cpdubes so that the average |um nance
is wthin + aor - satg%Of ége nom nal required value. The Controller Director
will ensure that isfhe pacd HUBLONE ( he nodul es adj ustnents are made so t hat
there is no nyj,of tH medisialdlumigtintd er ence in brightness between adj acent
nodul es. If the dlfferenﬁgs are held to within +/ - 2%it should be very

hard for an dbgdt hepnadgstsd pdisesnthixel BiPafence. 6. Finally the size of the
pi xel s cpRsdge ﬁnehy@tdameh@edrm@emam%meggefms ieirglovabehvddn. adj acent

T BB GRS Ao ST 598 R T 9
di rect i Qs BufidkieynoduRs o thitfig AedgCRminatde i9vithikD o xa0%alfiiRmominal
required value. The Controller Director will ensure that at the edges of the modules adjustments are
made so that there is no major discernable difference in brightness between adjacent modules. If the
differences are held to within +/ - 2% it should be very hard for an observer to notice any difference.
6. Finally the size of the pixels can be adjusted to make a smooth transition between adjacent
modules. This present approach has a major advantage over other tiling technologies because of the
ability to change pixel sizes in the x direction dynamically via timing and control of LED excitation.
7. Standard video is now displayed on the large tiled display to confirm a good working
display with no seams.
[0039] While the above description of Figure 9 and Figure 10 illustrate embodiments that may be
used by an OEM (original equipment manufacturer) or commercial builder of large displays, the
invention is not so limited. For example, in one embodiment an end consumer may construct a large
display by purchasing the individual modules and configuring or reconfiguring them by physically
placing them together and/or plugging them together. For example, initially a user may only be able to
afford a 3x2 array. When the modules are plugged together they may communicate with each other
and adjust the image brightness and adjust the image at the edges of the modules so that they appear
seamless to the human eye. Likewise the controllers may communicate and decide how the processing
of the image as well as the display of the image is to be parceled out. At a later time the user may be

able to afford a 16x9 display, for example for high definition. The new modules when connected to the
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7. Standard video is now displayed on the large tiled display to confirma
good working display with no seans. [0039] Wiile the above description of
Fi gure 9 woadosd/igsre 10 illustrate enbodi nents that may PpeTuseashy27an OEM
(original equiprent manufacturer) or conmercial builder of |arge displays,

the inveRldtiBlispRy nko réciomﬁguea:hél tE@chn&Kl&ﬁ@ béjnstitte focwe, aeljtistctdé mtndemete rtdd |
consuner na construct a lar i s ur chasin i du ul es
and confpir‘@’t‘f%i afgres Aisplar Jis %ﬁgﬁ Aiythe R‘@ﬂ%b@ix’fﬂ% E IaICyI%BIft a?_leg Stfs\r{l (/)Odgo

and/ or thd?ﬁglc&ﬁroﬂlbt@mayﬁﬂﬂﬂm&haﬁﬂf @d@mhtej oﬂerwtmtﬂ thie ﬁrtwﬂhappmytemlmlty be
able to ford a 3x2 array V\hen% uI eﬁ ‘% y %ed t oget her they may
comuni 68?‘8‘“%“???“@38‘?? og¢ Fafulgogny frd’éat Yere ﬁ’é‘g%r qug tness and adjust the
i mge atjod4op edgreread ilikgatsDGboBEneER 12 [Bdndtibey ofaRpamtise i2t0dasng m ddde hunman
eye.  Li kewi se the controll rs ma n}mnl cate gd deci ow the rac SSI ng

‘%@e 50 ot

d
of the ilmbyer xen i mumaenoh 156‘% n QIR 19 RRRGR orESupYR 18 AP o8t BEre sa e
a | ater didph® dhd'® misle iAY¥mOE, ﬁb&@v&@n@ﬁﬁwbml@t@aﬁ&uﬁs spjoayarctvo(heemrmlfe for

hi gh defjinition. The new nodul es vvh n connect t heexi spl a
oy T ooOHTPEING T DS G TSGR OF BRRB oGRS (e PG Jor S gep o islas *| ©

bri ght nessiules e masPorfc &¥dr#tRdn naly BE g@umdapbwel foXaes. Qlor & gﬂvéﬂ force V4 themasst Wi | |

appreciate that a conputer d syste an or the display controllers my
handl e JeRuHs 18 % theforc d%qqrieéﬁ‘ﬁ?qe st ﬁrran the art will appreciate

t hat cornpem] cat ifds efbedinemef flﬁﬁklilbﬁitloﬁlpeaﬁllﬂﬁlttheLEDﬂ)Spbﬁ mbidiilechasa pdéianical
wireless. [0040] Figqure 12 ill rate di ment 21 0. of the
i nvent i dRPLPD EOSCARE %Bp]ﬁ}‘r Ip g © g‘i%m?ﬂt SE‘W@H“ %@nﬁ% F‘mg? ?lt?d[sEﬁéﬁpl%dul es.
| N or dersubdRscadRCiRhy Rithovel BSmanieitatille/ 1a Bisdeﬂt@tmlflﬁmfea/lbmudnbﬁl e ﬁﬁﬂl asserdlbig tiieo
nodul e novenent, for an

nunber.. of di nodul e 220 in a raw (here
6), hal fmqdHles M3 hr e figwry E}lé?g Hatmegdjagent H‘@S‘Qﬁ‘dﬁ&r‘t‘% 0%:*1 ‘? %"i Y, ‘B‘h"et“bqtpﬁﬂwot her
hg' f. Fgﬁre&ﬂ)nQ @ﬂlclg ﬂifébﬁﬂdu@@ ard nfpd BYbe i rﬁbﬂﬂc}ta@&' th R mRSS is@fived actit gm[&ttinmm Rt bﬁ
adjusted to cancel forces ven force. VT. e sults i 2 the
force. A&thsqapcsis ndgat tpfhsatnl’?émtir% aﬁtlf‘?m?sé’eétfq frq@gﬁﬁt‘he Wga‘"’f‘? t‘fﬁ 3??2?) i ment
of t hehllﬂ‘g@r&héie(lﬁht hf%%ﬁ@ﬁmhnlg&é)tﬁ&itﬂgﬁ]ﬁfhax (nmdulhtw diﬂ@ﬁormhe Baﬁﬂs&gﬂl havett};]eon to
scan the displa n the enbodi sho ures 5A, .5B and 6 e LED
di spl ay SauH5EEaBrsraRied) nt?&ww%gﬁ%% V‘gn%b@bgcg &1 the dire ttoag? °ar“831r?’r“‘r#‘?ﬁ?e
vi br agi GBie inthé gtﬁelzrfdneaionaﬁﬁ@rfttﬁ r?e&ﬂgcam%lﬁﬁ isBjhe DackeaTitfei sgﬂdélgadldsmﬂbrhﬁl at
two adjacent nodules in a row of a di oppesi te directions
Si nce t H&zeduloe) vt addany nderd spageaati lﬂ%ﬂ)@{ %rott’lﬁ‘]@ﬁ@é’grﬁgﬁadtsgl 29i ven at the
same ti meod2p St @né ofdkill A e cOPRAR iabRedEihatd mbdi@e &8 WBveld dRain hbigindlgtsolwibaes on
the frame to the right and tgo the left cancel he ca e thaéhhas an

odd nuniséf Piyel %dﬁoé@"qr rlarggfisel S(I?Fét"il%ﬁP‘atS)md%"rggetV?fdttF"i g0 gan ﬁ&%e Yhave

t he Sam’coﬁﬂ@ﬁm@fnx@l@@ﬂﬁfﬁnﬂ |Fdf'ékdnqﬂ'e Wialijac ﬁ%lf(elii be k% Iﬁwtsqtlilﬁé pixgQizalgFérn t he
direction to cancel out t net force in t

mechani carmplSsentifeyaild fogavsiR & BB £spleg gl W rag%%g “&‘ﬂ‘gl" B 23? a‘i“ﬁl K ltzpte

does notyradehnRiich 88aR rSRAGSIred th BivelaSitPizd dft2. 9niin hitEredol@ioh o 128i xbﬂ?ﬂ pdst of

the disp] age continued to provide pixels that are 3 x or 4 x and so on. The required pixel configuration may
be stored in the Controller Director. Having a larger pixel built with smaller subpixels allows one to
increase the apparent colors observed as one can dither the display with the proper values in the
subpixels.
[0043] One of skill in the art will appreciate that a display made up of an arrangement of LED
based modular displays (“building blocks™) may be made of practically any shape and size. For
example, stadium sized displays are possible, as are ones large enough for Times Square, billboards,
etc. Additionally, very long displays may also be made. For example, at an airport a display along a
wall of a mile or more is possible as is a ring around a stadium. Additionally, irregular shapes may
also be created, such as, for example, a stair step pattern, circles, etc.
[0044] Thus a method and apparatus for an LED based modular display have been described.
[0045] Figure 1 illustrates a network environment 100 in which the techniques described may be
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[0042] One of skill in the art will appreciate that a nodul e can have a
certain nom nal resolution and pi xel size. However, |arger pixel sizes with
a correspsodissysseer resol ution can be created by confipgurisaespied s
differently. For exanple, 4 adjacent pixels can create a new square pixel

si ze. FQppiRYAMR RitwdiRBSlidahed 180 HasfatneSipuarc tthEbldlthpS agtverp g thvduih 164-

resolutlon of 256 x 256 a i 4 whi ch can be reconfigured
to have Sa2tsi&elentsil0%1 o %gﬁgﬁgﬁng8§ ﬁ&ﬁ f%?gga@”x 128. This can be
conti nugeb46p Pr Pikinde iliskerbssa ddAdinted EyStedh 200G bléclo@wgmn s@mowhicH ey bequi r ed

A L e e S

appar entseigék &f sthep PHarey eMofsdeoile ae Abscelbddrlowt he di splay with the proper

val ues in the sub |xelm8i£g043
f

f e art w a t
that a d?43l ay Referengp WwﬁrrgﬁﬁﬁﬁéWFﬁﬂ?si@fWﬂESEH“WBﬁﬁﬂgpuﬁﬁ?cc e
(" bui : d'tébﬁ?lﬁgé@‘ags‘énﬂ)edr%éy teeppiede ThE nddw@k ehvidhinyntany hahapevak dOQS&th&omEOﬂs S
exanpl e, stadium sized disp ar s .are ones | h f
Tmes Sqeare b ireea e B Tindar of ey TovEr oS HEng senl P REy *Hiso "be
made. FQI'ib’lth@)f(ﬂ"ﬁiRJf 8 serbrs AM- ﬁﬂfr@fggtl Oanh%I QbﬁMltﬁId(Ignlghﬁug‘lﬁl% -©fre@oimetted toreactor e
is possible as is a rin oun stadi,um A 11y, I h
may a|s§ﬂBéW&P§§F@HCN@qu%E§%’ ‘”@%@Wﬁf@cmamg%;F$ﬂa ﬂbé%?%&u aglfcﬁggs
ﬁt C. LOQﬂér}jlatwwfﬂﬁ)@aeWrﬁ oo @t &Rﬁaﬂofidld ;Sndc @madoft P Iftaaada haduAan Ndiveopk ay
ave been describe gur il Lustrates e K 100
" wht CRLANS W e Ao E DY A Ea Tl S5 B PO cPHOehT b 8 SERURPER Abn
100 has gges®siddR o0 Ehé QlersGOANBFk S exngls dibRdorhgé Hispig laloii@élr-sto‘.ﬁageamdi C
clients 108-1 through 108-C. Mye details are.described hel o P
8?%? ﬂﬁfch may

Fi gure EOWPWH@F?S%?%%S érﬂi‘?&(ﬂ?ﬁiﬂ’%?he {5 pag %@Hﬁpﬁt% Jerey F%%Yl&‘ﬁ\“%
gg \I;\glp{ e%e Eﬂeg{foﬂ Y& @Earﬁﬁlydé@frlﬂeﬁ(ﬁel‘ginl edyte aﬁ;ﬂiﬂi@d’ eSS@EM@I’ Sysypewlviswml Fi gure 1,

as evices, clients servers in
e GesGPPBRHCHEE RN IR WS KRG BAvE e SR § VAR qqvger vihd! | o
i 11 ustratngs 1 ifRhMEH ayefd JpPIIABREH at HOM the S whiegs ot4ha1uroaghm4cﬂ;eﬁd dekais 108d may
be applied. The network environnent 100 has a network 102 that connects S
servers liypugh Fﬁﬁbugh 104-S, and C clients 108-1 through 108-C. As shown,
sever al [gegput eRef‘éﬁfﬁE 85k tb RighRe, Figﬁlmzqtlusﬁaﬁﬁdi sdifutel Oybtein 200rin bighk diftar and C

clients 108-1 throu 108-C are co ed tQ, each other.vi.a a.n 102,
whi ch md§p avhichgray é& KppRsentatiye eg?nefc?g ﬁ %I%r“saé’g /oR S EVREY ﬁi“OWNB‘c %g‘frﬁé EheBlbek

al t er natdipaelnyis tahif‘ghﬁ&k%&p&ﬁ?reﬁﬂe%fatl&emﬁrmdy%|uﬁﬂl@m&ﬁéﬂ ian vaidte oDl ays hieby
Internet, a Local Area Network

LAl W de Ar [ Lt
e B e s ees. i S B U e oBpeck st Betrs e it iUk 204 g onty ©
ot her S. M&for$ BLORN §OmndoﬁpA&§@Memcfr9(Rm§m Storagkd J"o‘lK) SibsMiyeIpe (ﬁ)ysiaﬁﬂike al one
or storage and coggutln r esour ces, ﬁmnse

Comput | FPoSSHa gEbe BREMEITAE. Sl B KPI0GSE 2 o Rist FOUmIRE A at us
descr i bgghehBitRy/OPYvREs BBPirdREmhRnREfANL3 02 IThY bay iy stbnifRe2 trhy bé foulatample,

one or more of such buses as a system bus, Peripheral Component Interconnect (PCI), Advanced

Graphics Port (AGP), Small Computer System Interface (SCSI), Institute of Electrical and Electronics
Engineers (IEEE) standard number 1394 (FireWire), Universal Serial Bus (USB), etc. The CPU 204
may be a single, multiple, or even a distributed computing resource. Storage 210, may be Compact
Disc (CD), Digital Versatile Disk (DVD), hard disks (HD), optical disks, tape, flash, memory sticks,
video recorders, etc. Display 220 might be, for example, an embodiment of the present invention.
Note that depending upon the actual implementation of a computer system, the computer system may
include some, all, more, or a rearrangement of components in the block diagram. For example, a thin
client might consist of a wireless hand held device that lacks, for example, a traditional keyboard.
Thus, many variations on the system of Figure 2 are possible.

10049] For purposes of discussing and understanding the invention, it is to be understood that
various terms are used by those knowledgeable in the art to describe techniques and approaches.
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communi cati ng neans or device whether [ocal or renpte, such as a LAN, a
WAN, a system bus, etc. Thus, the invention may find application at both
the S serwensocl34t9& t hrough 104-S, and C clients 108- 1pChruseags/oings C.
[0048] Referring back to Figure 2, Figure 2 illustrates a conputer system

200 in %Rﬁé?mgfeaﬁrtﬁéﬁegﬁfpﬁbn \fé}'pﬁﬂ)o%)bf Dl SRS H i s ispeRiflfdenyard fet fidith in
clients and/or servers shown in F|%ure 1. The bl ock &l@gyﬂm i.s a high | evel

concept (Eder F%ﬁ%é%ﬂiezwgwnéﬁ&aw dbs prpserffRYRERp- ilhw Elltyll‘oﬁﬁev%%?§n%lnd
by Var | Qg érdﬁfaﬁ,mkhﬁiﬁttﬁéraﬁschat %%ar&&ﬁh@%ht?&%nd 'He @F Q640 SEthSutahdsespetifit daalqz,cqﬁ SI ng
Uni t Read Menory g Random Access I\/Erm]ré% 8,
st or. age 52@9 insganegp vel- 1212Y§n sirustures,aafAevdces %W%M%Ck drspapdon cadhgy than i Y

i nvent i Qi@1)all ﬁldgiept’o 2964 obBY, r%qgé ﬂes%gﬂlnvéﬂﬁbﬂ‘t"ﬁfese?ez&odﬂﬂeﬁﬁafd BREEOEEIn

i nput/output (1/ devi ces conmruni cations 230. The bus system 202

nmay be f IC@R%G’?EﬁﬂéO enshls thase ﬂ@r@nﬁy S@Ué‘h"hﬁﬁ‘g&mafé“’%ﬂhg JeeRiAnAd ipirhepher a

Conponenhdd:Rb&s tﬁ%ﬂfépémt(o%llehts AR mﬁﬁﬂed%&mm 168icAahdchiréal klectbiosl] AndGaEput er
System Interface (SCSI), Institute of Electrical and El ectronics Engi neers

(1 EEE) shenseemay brintsiepvithogsleparingdigm oy scopp i/l Brrens@ynipng s (USB), et c.

The CPUy &%% May SBRe ForfibR O Be dEBdHbtioR|ny bR pre8dHRRl 1ﬁlte@h§éfrdl%bﬁﬂﬂﬂ; aﬁ@wdhe
resource. Storage 210, may be Conpact D sc g ital Versatile

(DVD), Henresepfpidqos of matwlmn» fonpxagipla, data bifsygthiy fr SPUPURERBIPY - dipseiakoriy %o

recor derggqc Blidns alll @R%?e\ﬁtaa&@ afd @0 e BB usddVy 1868 8P Binarg @k1ﬂfﬁbﬂhe da® poc&king he
present invention. te that dep end| ng upon the actual mil ementation of a

conput erars {espestpifackEcly enmpen the subjtan i Worglo pHsrsof pidlina g a

rear r angenkitin Rhec CHRGRRAMIS, doHcetl\kéﬁ t@ﬁ@&%lﬂbﬁsﬂd’t@lﬂeqﬁé}fce Sf@fmédﬂmgao b Bésired
client mght consist of a Wmreless hand held device that Iacks for

exanpl e resiltt Theifols nlpserespiig Py sicphmanipyaiiops obnty sieal graatities- (fsuallyy bough not

Fi gure 2.a58riR0 ikbdYuntit-0R#Ohe B dPelcRASA Sr AhordiiShistmki BghbRYE being ebeandi ng
the invention, it is to be understood that various terns are used by those

know eddwasfreed, pomttiredggompaigd.ced ethemaseresapiaide & hahproxfeBYEIfast Etict-her mor e,
in the q)?iﬁ E)élB/tfopﬂ@asoﬁ@Jf cOHMBR §R5e, 8 refof B BBRLIgAAs adBIIBIAMS cRBRREK fsymbeISt ai | S
are set forth'in order to prOV| e a thorough understandlng of the present

i nvent i sharagiersyiprms, anbess; gdbstlikehowever, to one of ordinary skill in the art

that thegogigsentt shoWMER boRR iR RovRiVES EHaﬁzﬁFjof\fﬁersé"ﬁidtsnﬁﬂh@ &S REE B BsodRtedi | S.
In some i nstances, well-known sfructures and devices are shown in bl ock

di agr amWisthe anpzapriaie Phyrieal quantifiss and are pgrelyycamyenient lakely applindde Hiess fyantiies
present (i Eﬁe'cfmau s%&%t&mwas%mr&t BoR teessTutRadit ishpprebibieg tanhrodgicat | to
enabl e those of ordinary skill in the art to ractl ce the |"nvent| on, and it
i s to bdhadrseiriipnsiscrsians wiligag te@ﬁbwhﬁ%mﬁ%ceﬁﬁsg Bl CORPYLing e er "SHeRIFtngt Or

| ogi cal "dé'f@x‘fﬂiﬁﬁ% C(ﬁl"msﬁiy%ﬁgi H helike, B4ifkeRE RERe &ﬁ@i‘i‘ﬁl@ﬁpr&ﬁ%e@&" AB3EButet dybem! or
departing fromthe scope of the present invention. [0050] Sone portions of
the des csrmq!ﬁr pbprrmwomutmgé@@% dhet manipwtasandftransforais idpia Aepreseriedsas PBYYIGAL

r eDr eser&l@é‘&o‘ﬂﬁ? l%ltﬁég%lﬁhl' tR\SonfPter Eﬂfen@?@é’fﬁé@ andd@dBorik o ¥théd¥afd saniG@RPUL er

nory. These algorit
represented as physmal quant1t1es within the computer system memories or registers or other such

information storage, transmission, or display devices.

[0052] An apparatus for performing the operations herein can implement the present invention.
This apparatus may be specially constructed for the required purposes, or it may comprise a general-
purpose computer, selectively activated or reconfigured by a computer program stored in the computer.
Such a computer program may be stored in a computer readable storage medium, such as, but not
limited to, any type of disk including floppy disks, hard disks, optical disks, compact disk- read only
memories (CD-ROMs), and magnetic-optical disks, read-only memories (ROMs), random access
memories (RAMs), electrically programmable read-only memories (EPROM)s, electrically erasable
programmable read-only memories (EEPROMs), FLASH memories, magnetic or optical cards, etc., or

any type of media suitable for storing electronic instructions either local to the computer or remote to

the computer.
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descriptions and representations are the neans used by those of ordinary
skill in the data processing arts to nost effectively convey the substance
of their workidsspshers of ordinary skill in the art. Amrcalugesoswiamd s here,
and generally, conceived to be a self-consistent sequence of acts |eading

to a degoagssf r esud digorilthh® a6 UBpIaYsehrésbitSEhel«ia) bile MbTighapdmylg rdatéd tomny partiatirons of
physi cal quantities. Usual%, thouI%E not necessari lé dth1 s%é}uasnlxni ties take
the for GPEPULENosathey PRays. YaiHseierakpyypese SYSeal JbY e Spe i RIc 83 By,

t r ansf epE@eian&Oi thetacttppatador ibhd @bveabitieaRnn@oBtiaimd spedializag proven
conveni ent at tines, 111)I’i nci pal Ilé f% r easons o{ conﬁo(? usa&g tolie rref er to
t hese sP@BEANS ta Benipringhe feayifed wethof o hor srample. Ay, of the meyhads acFar{iae to tle present -

n ]EI nbﬁr S ,in\;aﬁtéanhgn b‘% Halent DR 1] hdrd-w&bagwodit@gabmbgﬁmmgm gegeralkpmmveprpcdsm,toral |
of these and simlar ter are to be assqclate th the appropriate

physi calby geasnnbinagien %ﬁ@“&fgée FUMATE oﬁ??éﬁ i"é‘ﬁ]{aq 1n3hea"6b‘f"?1 ]%mteglaie ese

guant I t laBreciddpth@stbe SREEIoN bﬁﬂ%glpyaﬁﬁeeatvﬁdl @hﬁ&tﬁWySiﬁm&Snf@Qﬁf@ibMthefr n}gmﬂdse

i scussion, it is appreci . that throughoyt the descriptio i scussi ons
it i 21 Ageetibedhizo Bl e nel Giises PP TR PHGOPO I EUPat | ng"  or

" det er Mpfdgh@mddle cotlsumitk alyttRics, Aigitahigrlal fecesdan(ISB) ddvideq stthep atd, octwarkd
processes of. a conputer. stem or sidn%l &rg i}ﬁect rngni c C rr@?uti ntg gtlevi ce,
that nmadcpuUPRCERPYHS PHAFeROmRUEs: 20 el ikes SRt BYEHED FREC LEPEERIE & r oni ¢)
quant i t id@&ibiteiRbmphtihg coarRub@s whdts tasles ate peefiBddeyemotd proeessing dsvidenthat @t her
data simlarly rﬁresented as physical quantities within the conputer

syst em ABiSythouehy comumyniialens IgVOHt her such i nformation st or age,

transm qadsnﬂ, OTh&hh&ROB Y the Wivein nid) B8 Zhpldneragnahgtcompiftarsofesrt offvritgn ithe
operations herejn_can inplenment the r,egent i vention.f.TQri s.aggarati&li may
be speci2drYARBRE (41EA8 OGNSR 2 FEgeiFe ataﬁfff‘gég%‘gr}%%? IPHURERPS SBHENFT e a
gener al pHpRASH HEANRKIE gan &%ﬁ@ﬂém ake@tioh ¥ah ﬁﬁie@l’ offhegioafe platfoanks dnd for .
conputer. programstored in the conputer, Such a conputer r e
stored iTHCTAE SrpYAEY of aRRielive ey %ﬂ@@%ﬁl@& tﬁﬁ?re?&f:‘ﬁv on B&B{‘%g‘ir%g%i g‘%ed to,
any typgefefenddits kny pecuit poghmon)latbusdes It Widlivd aplirsdisted thfttaivaddty di Sks, conpact
di sk- read only nenories (CD@O\/G ,.and _magnet i c-olgat.i cal. disks,. read-only
menor i e PIYEENRING langiagsimarcheds tﬁé‘%’rﬂ?‘?l%‘g thepgatRes o MREPYRH 5o By A bI e

r ead- onlpyth@ABFel £ ORRIBEOM Ge aietapbdki of sbitware iinsiTben @raghaeabpregrmad- onl y
menori es (EEPROMs), .FLASH nenori es, ma%neti c .or optli gstal cards, etc. §,r any
type of PRRSETE: EpplicaiAne A F:-513% AKIg 2B PUDP PHAUNNE A EPHIL P RPT SIS PBEN to
the conpuh&thafd whEsRhEng Mail REcuGONPRLEEIHVARDY]a coButal @adeh the FEocesact dfitiepl ay's
presented herein are not inherently rgl ated to any particular conputer or
ot her aSpBEPHES PRI B 3etigen Biodyce3ifHlise systens may be used with prograns
in accorggare WittidkothbandeRasoh i@ sarioas Rinfs antechiiiqiel YreRkaMS (a8 keoviledpeatilOin
construct nore specialized apparat LilS t?- erfor nfgt he requi r}gd. met hod(B For
exanpl e, heagito descrpcommupgaions R eiPenls gPRIGAHORS TBPISUEHRIoNs: MERIEHSh B

i npl ement@dediRigh@sdneMes@pti6h &M iidpl¥merdtioR o0 @ tedl¥igueGn BrEesTan algofithinpas e

processor, or . . . . . . .
mathematical expression. That is, while the technique may be, for example, implemented as executing

code on a computer, the expression of that technique may be more aptly and succinctly conveyed and
communicated as a formula, algorithm, or mathematical expression. Thus, one of ordinary skill in the
art would recognize a block denoting A+B=C as an additive function whose implementation in
hardware and/or software would take two inputs (A and B) and produce a summation output (C).
Thus, the use of formula, algorithm, or mathematical expression as descriptions is to be understood as
having a physical embodiment in at least hardware and/or software (such as a computer system in
which the techniques of the present invention may be practiced as well as implemented as an
embodiment).

[0056] A machine-readable medium is understood to include any mechanism for storing or
transmitting information in a form readable by a machine (e.g., a computer). For example, a machine-
readable medium includes read only memory (ROM); random access memory (RAM); magnetic disk
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by any conbi nati on of hardware and software. One of ordinary skill in the
art will imediately appreciate that the invention can be practiced with
conput er wo@NseoRfi gurati ons ot her than those descri bedI/useasoveing

hand- hel d devi ces, multiprocessor systens, m croprocessor-based or

pr ogr angRRee neGiRSIpiE] s181ag€ ik @inj tESh mdllngiytdahc@; ¢ exddicap opiieb scaugfichDBBjhedfvinces,

set top hoxes, net PCs,. m ni conputers 0 ters, and the
li ke. Tﬁéplioﬂﬂgé'ﬁflﬁ W?%éﬁ’ SPEE Wey F‘%f‘idéégamf ?@FLW’?”E Uefgc gpl[céonput ing
envi r onggsyp WheS @sell astks dasfcﬁpﬁlﬁ[ T8 Brabbdiyent esr0 iCerpiod Es'i dnglndlax/phrass t hat

linked th 054 d th
vent | BB G TPHIFGHERAEGLr L EBROL B 6% Dl rearelt g Byl o°

pr ogr amprieRGenkasg s @m@@dhfneﬁtmmgls deschptiondo gﬁm measaﬂm&ataihe mwmboélmwﬁ
instructions desi gned E Ienent tﬁ rrglIS d§ n be cogg# m% of that
execut | GAVBRE é‘e’\ﬂ§F Py F’&%F@mﬂ S\ R PO JY Yo ariety
of ﬁpef ?ﬁe‘r@i@ bﬁ%ss‘ir%ﬂ'%mbbﬂm&dﬂdflfﬂhdlﬁvenhdﬁﬁ F@rrasmplte d foster] sltmlﬁtutesadn&tc dessidtreidbed
with reference tgQ any particu n t Wi

appr eci &t e PRbgd ‘%eﬂia’f“ %l ‘?ﬁm%}“&g 2iish P%W@%égﬁlé‘griﬁﬁlnﬁ%’t'ﬁg &g fnclude a

I pl eneRbridt 6f doRMRIRiGHY Snd¥br ihidgratidhe @fthe aﬁbcﬁﬁmdﬁ@dbﬁﬂbﬁdi héreibei n. Furt her nore,

or 0gr amOBPbeelie & g sbbiraosgrieJ it dslea LEPh B R e aengl (0

causi ng navd enlidseribedCh expressi ons are nerely a shorthand way of saying

t hat execution of the software by a conputer causes the processor of the
conputer to performan action or produce a result. [0055] It is to be
understood that various terns and techni ques are used by those

know edgeable in the art to describe comuni cations, protocols,
applications, inplenentations, mechani sns, etc. One such technique is the
description of an inplenentation of a technique in terns of an algorithm or
mat hemati cal expression. That is, while the technique may be, for exanple,
i npl enented as executing code on a conmputer, the expression of that

techni que may be nore aptly and succinctly conveyed and communi cated as a
formula, algorithm or nmathematical expression. Thus, one of ordinary skil
in the art would recognize a bl ock denoting A+B=C as an additive function
whose inplenentation in hardware and/or software would take two inputs (A
and B) and produce a sunmation output (C). Thus, the use of formula,

al gorithm or mathematical expression as descriptions is to be understood
as having a physical enbodinent in at |east hardware and/or software (such
as a conputer systemin which the techniques of the present invention may
be practiced as well as inplenented as an enbodi nent). [0056] A

machi ne-readabl e mediumis understood to include any nmechani smfor storing
or transmtting information in a formreadable by a machine (e.g., a
conputer). For exanple, a machi nereadabl e
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medi um i ncl udes read only nmenory (ROV); random access nenory (RAM;

magneti ¢ di skstorage nedi a; optical storage nedia; flash nenory devices;

el ectri cavp 20@tisemk, acoustical or other form of propagacedsseognais (e.g.,
carrier waves, infrared signals, digital signals, etc.); etc. [0057] As
used i nctLhmgsdescription, "one enbodi nent” or "an enbodinent” or simlar
phrases_peans that the feature(s) bei ng descri bed are included in at | east
one embdd F‘trf%ﬁlf‘m{?glst he invention. References to "one enbodinment” in this
descri pt.i amedRddrRohpmagessarily refer to the same enbodi nent; however,

nei ther are such enbodi nents nut ual | cI usi ve. Nor does "one enbodi nent"
i nply that t‘r‘?é‘?‘?é‘%%Slﬁlﬂﬁ”?‘?‘?rﬁl&gé“%%d?n nt of the invention. For exanple,
a feature, stdnusliug &pluddity, ofeight entigiag déviedLED) Baseremedviro displeyrt basedepp ko be

i ncluded in other enbodi ments. Thus, the invention may include a variety of
conbi natsryKd SIERaY or i nt egrations of the enbodi nents descri bed herein.
[0058] Thus a method and apparatus for a light emtting device (LED) based
nodul ar _di spl a en descri be Al. t L, alyne hod
Conpr - sPniee et SRR & oDrgane ERP ST Ry el of LD e T ulsd dirhoys el
plurali &c}fnp?fsed dng bt mewilichi shgitidgdévdes.( LED) based nodul ar di spl ays based on
said received signal. 2. The nethod of claim1 wherein one or nore of said
plurality of LED based nodul ar di splays further conprises one or nore |ight
em tting URVIEBRS of3laind Devherinhaid cohtralliay funl%rmblepresawosaolhngthnaﬂtylaﬂmﬂ@ sfidr t her
conpri ses control ling. the activation of said one or nore light emtting
devi cesOner merglight %chfjf:“ﬁ?sal m 3 wherein said activation of said one or
nore light emtti ng devi ces further conprises controlling the intensity of

said one or nore ht e'ttin V|ces i rein
sai d coflt 183 Pethgf ‘Efﬁgmf‘ﬁt‘@ﬁrfﬂ? Ya5igy O%Sgg‘prlegrergggtcl)lﬁ@ Hﬁtm‘%g@é%}ﬁ intensity
based UB&ﬂ%rﬁesf @trellinghBe eﬁdiib@edsﬁﬁ@m@rmahgfrtemBMg dfvices.t est pattern irmage.
6. The nethod of claim4 further conprising nounting one or nore of said
plurality of LED based nodul ar displays in a pattern capable of displaying

sai d i MByghmEBSSoRNEm QFWHeEElﬁsamlfcoﬁmlﬂngJEDinMSie{furmﬁd abmyprisds epiraljisg sald The

met hod of claim 6 further conpri ust i S g such that said
i mge aﬁﬁ"é’é‘r%baéﬁ‘h‘m"@é‘ acfoy d %fﬂnﬁeéﬁffélg r?mgrr&g)f%gerspsagg rggliIn %é%one or nore of

said plurality of LED based nodul ar di spI ays in said pattern. 8. The method
SL c ﬁl ta Ihrént S {lilxratthg(? of c?augp rﬁln%l{ep gomrrp!arlrg:}n%lilrllo%%tlm%%n% a rglor%%? L f)llnlaﬂg/ o?i'Eﬁ Haldgensi ty
modular displays in a pattern capable of displaying said image across one or more of said LED based

modular displays.

7. The method of claim 6 further comprising adjusting said mounting such that said image appears

seamless to an unaided human eye across said one or more of said plurality of LED based modular

displays in said pattern.

8. The method of claim 6 further comprising manipulating said controlling said intensity such that said

image appears seamless in display intensity to an unaided human eye across said one or more of said

plurality of LED based modular displays in said pattern.

9. The method of claim 2 wherein controlling further comprises moving one or more of said light

emitting devices.

10. The method of claim 9 wherein said moving further comprises moving substantially at a resonant

frequency said one or more light emitting devices.
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i mge appears seaniess in display intensity to an unai ded human eye across
said one or nore of said plurality of LED based nodul ar displays in said
pattern. WO 2dtwse@bhod of claim 2 wherein controlling fecrhmseosonnd ses
noving one or nore of said light emtting devices. 10. The method of claim

9 wher eifl BRintkIAr B it W fuhBér c6QAPMsingSIeGtiAPVitRenSHid Shanthakb bsaatplaralitpsénant
frequency said one or. nore |ight e‘ﬁ%’gﬁi ng devices. 11. Thet.cg}aglgoqltof claim
10 f ur t FEP bawdprodukrdsnlaye apq nrpes MZIFY 1S °8F HBYE DY prural ity
of LED based nodul ar di splays and a surface displaying said i nage one or
nore optical elenents, 12, The nethod of .claim 10 fur.tpﬁr C r;lés(i)rnrg o

coupl i nép-oFe methadnt elaim 1 Q fugher SprpEsiRECOPRiing 08° g Meys PRYS %né?n?f plurality of

LED basgiiiuhidy oflL 510 ba¥8 moddar dldperysret hod of claim 10 wherein said noving
further conprises noving one or nore of said light emtting devices in

opposite directions. 14. The nethod of claim2 further conprising optically
coupl i ng3 ORR MthdMUTrRlaRh 1GRhdleiR kald Bloliny finthed o phiss etbviipdut armate sPiaid/lcht 0 a
mrror. 15. The nethod of claim 14 wherein said mrror has a notion

sel ect egmitingrAeyises iy PPRASICHIFEIWEi ng of rotating, pivoting, and oscillating.
16. The method of claim1l wherein each of said LED based nodul ar di spl ays
processes less than a full frame of saj d]&; mage. 17. An aggﬁa{g&t ug of LED
conpri silhgThemeihagofielaim 2 Sprther omPrisig PRYCAYY WETHIESNE PER™ BL¥EHP eI %A r

di spl ay g,@HBEas dighlA8ioenhieal pl ane and capabl e of producing an opti cal
out put; one or nore optical elements having an input and an output, said

one or nore optical elenents input coupled to receive said LED based

nodul ar 16li $id @MBod StRIakE 34 wRsHRdid madel has Shibfiacelcced fib@dhd goupaoesistiagbfie
optical output of said one or nore optical elenents. 18. The apparatus of

cl ai m 1otgierRyetingrad gscilliip® of said |ight enitting device based modul ar
di spl ays has one or nore colums of light emtting diodes. 19. The

apparatus of claim 18 wherein one or, nore of saj ne or nore col.umm f
Bt - et ThorgeapdRie i o e g oo L berid i S sroiRe Sy FRAEA 20,
The appaLatyss-af inzbé@i m 19 wherein one or nore of said one or nore colums
of light emtting diodes are noving in opposite directions. 21. An
apparatus conprising: means for receiving a signal representing an image;

17. An apparatus comprising:
a plurality of light emitting device (LED) based modular displays mounted in an optical plane

and capable of producing an optical output;

one or more optical elements having an input and an output, said one or more optical elements
input coupled to receive said LED based modular displays’ optical output; and

a surface coupled to receive the optical output of said one or more optical elements.

18. The apparatus of claim 17 wherein one or more of said light emitting device based modular

displays has one or more columns of light emitting diodes.

19. The apparatus of claim 18 wherein one or more of said one or more columns of light emitting

diodes are moving at substantially a resonant frequency.

20. The apparatus of claim 19 wherein one or more of said one or more columns of light emitting

diodes are moving in opposite directions.

21. An apparatus comprising:
means for receiving a signal representing an image;
means for controlling the movement of one or more light emitting devices in a columnar
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means for controlling the novenent of one or nore light emtting devices in
a col umararrangenment; neans for controlling the excitation of one or nore
of said owe 20063896 | i ght enmtting devices in said col uroarusasosamzyesrent
based on said received signal; and nmeans for coupling an optical output
from sajpghn@fifien®r nore light emtting devices in said colummar arrangement

to a view ng surface. . di spl t , i.Sing;: L i
reconf gur abPléa‘Hif%rﬁPE&O%ﬁ’iﬁfﬁT "e"flt&ﬁg%g?r%pogén%r u?sfes glg E)E% %‘ﬁ?ggf%ﬂéﬁtﬁ%&y&vﬁ%ﬁar es

2:}/3 a m\é%d%luﬁﬁgtfarraggﬁﬂle%nfba‘saidﬂlslpildlﬂdfcaivbdsiglia‘k aah even nunber then half of

id reconfigurabl e display nodul es'. .novi,ng mass._i. I ' : [
direction to™eHE f?)rtcﬂlé‘?hngé‘f‘%?t“ia o‘g%]i%g(’lﬁls?}ggﬁ? IRV ilé’ﬁ%%}é{ﬁﬁkgeef]ﬂtsﬂggozhgeor
nore of cQahehr h8&PehEGYSs Ablkwindiseiidcay nmodul es’ moving mass, or accel eration
of said mass, -is adjusted to substantially cancel any net force on said

di splay. 23. An apparatus conprising: a plurality of colums of Iight

em tti ngy dg\ispR$ asparéBlcempfisigy: oduci ng an optical output; and one or nore

mrror elenents ca l e of receiyin i d.optical i

Sai 't ecel ved PR RCATC BBt B TR B e b s G G SRR 00
cl ?! m 233‘?@{1%@,5@](@3@ amti-| nmore of said one or nore mrror elements has a
notion selected fromthe grou onsi sting of rotati i b . 25, The
appar at us of ‘féF"é}iprlHr %Y {78 %?HHBW%FIQYS’@?HO He” Gf "“tsf%}“&&%d%?‘g’( ?&%‘%ﬁf H%&n%rms of
I:g_ht g?a\%\%ibﬂﬁyﬂg‘iﬂ%@géﬁedﬁ&doﬁmtmmmmelf;an i mge. 26. The apparatus of
claim: erein ight emtting.device fro re '!ﬂfﬁﬂ f id
plurality of ‘@Bﬁdﬁﬁ’ﬁ%m?? aﬂ§g%n?%begﬂl8ﬁﬁ%ee°r§w§%onesalpirg&ca)f’ﬁ%? abgenn‘ﬁ?p(rl?&ge. 52 isl'ﬁia
appar at yvRf nfekaoracefenstiar @isild gassdis phjusted iotsybstntialhl cansebanyfnet foghonesiil t t i ng
devi ces are not noving. 28. The apparatus of claim 27 wherein each col umm

of sai ddBP]ﬂY'al ity of colums of light emtting devices do not produce |ight
at exactly the sane tine.

23. An apparatus comprising:

a plurality of columns of light emitting devices capable of producing an optical output; and
one or more mirror elements capable of receiving said optical output and reflecting said

received optical output onto a viewing surface.

24. The apparatus of claim 23 wherein one or more of said one or more mirror elements has a motion

selected from the group consisting of rotating and pivoting.

25. The apparatus of claim 24 wherein more than one of said plurality of columns of light emitting

devices is used to produce an image.

26. The apparatus of claim 24 wherein a light emitting device from more than one column of said

plurality of columns is used to produce a same pixel of an image.

27. The apparatus of claim 26 wherein said plurality of columns of light emitting devices are not

moving.

28. The apparatus of claim 27 wherein each column of said plurality of columns of light emitting

devices do not produce light at exactly the same time.
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