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BACKGROUND 10 Projectors are conmonly used for displaying inmges on a
screen. Projected i mges nay be based on input video signals received from
per sonal cOMslie? s, tel evision tuners, digital versatile disc players,

vi deo cassette players, or virtually any other device that outputs a video
signal. Mst projectors include a 15 Iight source for generating a

hi gh-intensity or high lum nance |ight that nay be used to project the

i mge onto the screen. The generated |light may be directed through various
mrrors, |enses, color wheels, and/or other optics, to produce the desired
i mage on the screen. As a general rule, better inmages, with nore
appreci abl e contrast, may be produced in a variety of view ng room

conditions by 20 a reI-ﬁLT\ﬁg-pE@ﬂWMLUmhthrs@chgher efore, it is
desirabl e to maxi m ze the brightness of the Iight source and to m nim ze

conditi®dns which lead to less than optinmal light intensity. SUVWARY 25 A
met hod of nonitoring an illum nation source including a reflector and a

| anp is provided. A reference orientation is defined where the reflector
and a light producing lumnary of the lanp are aligned to optim ze |ight
intensity reflected fromthe lumnary to a desired target. The orientation
of the lanmp is nonitored, 30 and changes fromthe reference orientation are
reported as an indication of a r BACKGROUMDI i ght intensity reflected from
t he E{ nary toward the desired target. 200207862 2 BRI EF DESCRI PTI ON OF
THE NGS Fig. 1 is a schematic view of an inmage projection systemfor
proj ecting Projectors are commonly used for displaying images on a screen.

Projected images may be based on input video signals received from personal
computers, television tuners, digital versatile disc players, video cassette players,
or virtually any other device that outputs a video signal. Most projectors include a

15  light source for generating a high-intensity or high luminance light that may be
used to project the image onto the screen. The generated light may be directed
through various mirrors, lenses, color wheels, and/or other optics, to produce the
desired image on the screen. As a general rule, better images, with more
appreciable contrast, may be produced in a variety of viewing room conditions by

20 a relatively brighter light sources. Therefore, it is desirable to maximize the
brightness of the light source and to minimize conditions which lead to less than
optimal light intensity.

SUMMARY
25
A method of monitoring an illumination source including a reflector and a
lamp is provided. A reference orientation is defined where the reflector and a light
producing luminary of the lamp are aligned to optimize light intensity reflected
from the luminary to a desired target. The orientation of the lamp is monitored,
30 and changes from the reference orientation are reported as an indication of a

reduction in light intensity reflected from the luminary toward the desired target.



| mages based on a received video signal. 5 Fig. 2 is a schematic view of an
| mge generating assenbly as may be found in the inmage projection system of
Fig. 1. FI%OO% &%zms an illumnation source in a generally horizontal

ori entati off °%%h ich a plasma fireball, is in a default position. Fig. 4
shows a lumnary aligned with the optical axis of a projection systemto
optimze light intensity directed to a nodulator. Fig. 5 shows a | um nary
that is not aligned with the optical axis of a projection system Fig. 6

shows the illum nation source of Fig. 3 in atilted orientation, in which
the plasma fireball has BRIEEOESCRIPTIENCQHF SHEIDRABINGSN. 15 Fig. 7 shows an
exanple of the illum nation source of Fig. 3 tilted ninety degrees. Fig. 8

shows a tilt detector designed to neasure tilt of an object with respect to

a reference axi FFq Hi & a Schbmybc Vigw bf bh u%é@cptré]éctﬁfn @%mffot Projedtingt ed
|

orientation. . 10 schematically shows an ‘exanple of a tilt detector
confi gur ed "{“ég%%ﬁﬂd@"t@Fqcer@pa@qWes'gf@'tV\o axes. Fig. 11 schematically

shows ascontrol Fg:)’%t RN Yershim 4&|6W0c5ftarfjﬁﬁ§‘gfét drififg asdenblyl s SRAEEBLI cal |y
shows an unfol ded i mage projection system DETAI'LED DESCRI PTI'ON Fig. 1

schemat i calf‘l’%ﬂds'ﬁéb%'"éﬁﬂel Pfﬂtj’ét'?ﬂ &Ysé@'ﬂloéﬁ'gs)}st em 10 that includes an i mage
generating asseg@ ] s]ﬂ%wsaantllllljrﬁl@ﬁ&?%ur&ém 8 @n@raﬂ?%ﬁiﬁntﬁﬁkﬁfé‘héﬁ inl Mage

generating asse IS use roj ect ges onto a screen or ot her
vi ewi ng 3o Whieh a@l@smsfrel@albiéyta db@@lltlpﬁsﬁj@m ail below with reference to a

ety oo AR ool TP AR IR BSHREl Ll o pRIAP IR e 0
when ali0gndal oplimize lighUioDI®6iIreted to a modulator
Fig. 5 shows a luminary that is not aligned with the optical axis of a
projection system.
Fig. 6 shows the illumination source of Fig. 3 in a tilted orientation, in
which the plasma fireball has moved from the default position.
15 Fig. 7 shows an example of the illumination source of Fig. 3 tilted ninety
degrees.
Fig. 8 shows a tilt detector designed to measure tilt of an object with
respect to a reference axis.
Fig. 9 shows the tilt detector of Fig. 6 in a tilted orientation.
20 Fig. 10 schematically shows an example of a tilt detector configured to
measure tilt relative to two axes.
Fig. 11 schematically shows a control system used to report detected tilt.
Fig. 12 schematically shows an unfolded image projection system.

25 DETAILED DESCRIPTION

Fig. 1 schematically shows an image projection system 10 that includes an
image generating assembly 12, a tilt sensor 14, and a control system 16. Image
generating assembly 12 is used to project images onto a screen or other viewing

30 surface. As is described in detail below with reference to a particular
embodiment of image generating assembly 12, the image generating assembly
may be calibrated to produce optimal projected light intensity when aligned with



one or nore reference axes. Tilt relative to such axes may undesirably
produce |l ess than optinmal projected light intensity. Tilt sensor 14 is used
to detect tilt between the inage generating assenbly and the reference
axes. Cont rd9P208%% em 16 is used to repart tilt deviations detected by the
tilt sensor. In this manner, a s reduction in projected light intensity may
be di agnosed and corrected. Fig. 2 schematically shows an exenplary inmage
generating assenbly 12. It shoul d be understood that inage generating
assenbly 12 is provided as a nonlimting exanple of the variety of
g! ff Ier ent | yorrothf ingty edlerened axgs it edlative tamnizixeesnay mmdesurabiy psadype of this
i scl osure
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20 and it should be understood that varying degrees of plasma fireball, or
other lumnary, msalignment may |ead to varying amunts of [ight being
directed to the desired target. As can be seen in Fig. 3, plasna firebal

36 is | 0cat®a07862 a default position 38, between anode 30 and cat hode 32.
Default position 38 corresponds to a 2% generally horizontal orientation of
|l anp 24. Plasma fireball 36 may generate a substantial anmount of heat,
which in turn may cause convection within envel ope 38. Convection nay

i nfluence the relative position of the plasma fireball so that the plasm
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Tilt sensor 50" includes an electrolytic sensor, which includes a vessel 52
15 that is partially filled with a conductive fluid 54. Absent
acceleration, gravity dictates the position of fluid 54 within vessel 52.
The tilt s%‘h’%& ®21 so i ncl udes contactsg56, 58, and 60. \Wen tilt sensor 50
is level, as in Fig. 8, the electrical inpedance between contact 56 and
contact 58 is the sane as the electrical inpedance between contact 56 and
contact 60, because the sanme anmpbunt of 20 conductive fluid 54 is between
the respective pairs of contacts. Wen tilted, such as in Fig. 9, the
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5 deviation by issuing a correction conmand to rectify the tilt, such as by
automatically leveling the projector or realigning the plasma fireball to
the optical axis of the system If the neasured tilt is indicative of a

pot ent i al | yOU3&f#8Gi ng operation conditign, such as an operating condition
where the plasma fireball engulfs an electrode, |ight production may be
stopped, so as to reduce the 20 |ikelihood of pernmanent danage. In sone
enbodi ments, the neasured tilt may be saved in a nmenory of the image
projection system in a |lanp assenbly application specific integrated
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30 or bel ow theﬁgr cﬁ sbows rars exemplary riltssensosidliat | 6h§e“QQﬁe5leE}aynﬁ§/ i nstal l

| f
2 harP uoP s BoRtduted 6 HeH fing O pid Bkiies® THESI GahobP oy B poSiRraAp. |1
tilt, a ni fréyirdegtonshipip the Q%RW%Eo%amlyhdmthemdeloedzatmde meve,

f d d | f bal | th faul t
coei t Pon. it ePEOCeE myde. BRI i e ey RBRR0R) phf Hectonte! o
](c)per gt :1:@9 's@né?orboéﬂlezﬁafﬂﬁhltlﬁ% I@f ahﬂ:ildes{)rbf 1=h9 t/frﬁcmsntﬁmnsensotsl"lehatemablt bag]c pl asm;
ireball is properly. aligned for. optinal intensi -onf i gure
for a 5 var"i“g V‘%tﬁ‘feqy %(el gmeﬁtlp@,%gstgmst feer{ing tgr}g%@"%sre& ﬁCR%HFsystgm

may be opermt 86hdofs areC;S?rb(nGé@QQquﬁmnMﬂg ieRbiyiplek df instraeheptatienttaati rnag be Such
| anps nmay be configured with el ectrodes pgositioned differently in a plasm

envel ope” s¢ised il MpRer taeﬁr'a%tﬁﬁorf Pfr%b'él‘l‘m'”iagofbﬁwﬁﬁed convection will nove
the plasm fi re'?ﬁﬂhéerisBF QO’t|h€IuQ@§‘aﬁ%cﬂ@gﬁé”sénélﬁswwcﬁmclwvscélvéﬁel b2 on the
oCi

optical axis of stem and/or at a he reflector. In sone

enbodi nént shatt lﬁepartl@"p’ fited with ea gopdustive ifilid 8f. APt ARcleRIoN: IRYYY  or
adj usting td“&?tggam }fnsﬁteﬁ'ﬂ P58 Wit e RePEIIURR APSLARI dibafclides ensi ty.

For exanpl e ectrodes nmay be noved _into a selectable

posi tion t leantasist 56 @e@nﬂl%twhﬁnéﬁﬁemm $Ots levelnds in big. Bother9leetiicR) t he 15
plasma fir legt I is

P ed, ndvBrtafts, BotBEH codtladt BeCahd Rohfet sBk 16| ime o g coloafibel

sel ect abl e lmpsdancmnbetwam cqmntact Hésand gcmtactrﬁ(brmctayse the gamaeameynttaid

orientation lLasma, fir e def aul t
posi 11 off auene o bl B SRR e refiv e HES BRI e e, SR TF Ty
be perf or meg iemgad, the impedateecbetwpdrecomact 56 snditortactehftlistriat thevsamect i on
fromthe control, system ment s i tioni of t | anp may
occur aut or?e?tﬁh@a'mﬁﬁdaﬂ‘l’?ebﬁwpﬁon%?’gﬁ%@'@%ﬂg&a 88?'1’%%&]%0%”‘8‘6 nd to a
real i gnnentcoRBGaRRI fRIM 58 BafwebAr e réébe‘éﬁ\l'@ﬁénta@ pairsap ast mle(marﬁé"JeThemp
relative to the reflector, for.

gui des. 2s Igjrglatiyely s’EW@nﬁ‘?qdé’ﬁY'Yeyeﬁ USI [j]’gtsp% ?—;‘&Eﬁ@atn {'%%1' Ikgnrrent

includisg adetiveEw toRtaBe 58 aﬁwsasa.ergbhwamhe immngemmasumgrmammby 70
includes an illum nation source 72, a nodul ator 74, an |t sensor 73.

To si npl i fythe@mpint Hg sensef is tted; rﬁ'&éefﬁéﬁﬂléﬁ‘%wwa&g@ %F"? € &% mage
generating rﬂ??ﬁﬁ%éésb!%“d BefRrRRld thalambuntitheQledsér is tifgpendi ng on the

conponents o I mage 30 generating assenbly, it may be confl ured so
that |ight from/‘tlthéugh Itllﬁrﬁeﬁa‘ﬁ% i§ Uy eorfigarRsetd E‘P?%‘E?lt%@%‘l’{% ©Nfor e

times bef Orr%férgﬁd@ Bs Gt Q’fd?.ﬂoesé 'uﬂBer%ib%Hetﬁht tll h@eﬂéo'réJFﬁafyadé Sohfiggacte May
include a plasnma | anp 76, such 862 10 mercur | anp,
and a r@f | evpasurggdit rglative de m%aﬂmax'ﬁ n Ftoﬁ@x?'lnpl?sf it Qgscg‘ﬁﬂ'@gf’ﬂ&n

modul ator 7g,gyac Uﬂ?%eﬁs&r' éﬂhﬁtnwc%ew{ sy eokG n@ﬁé&ﬂr@t ar Hhgad a
spati al Ilg% at or . ge generating assenbly may be conflgured
to modul at ererergme anis Bi ra@dtanm@ernmebﬁédform%sunggatt't alongl %rﬁ!ﬂese"
chromatically, to a display surface 88 according to a video signal 84
received by an imge controller 86. In this nmanner, inages based on, or
defined by, the input video signal may be di splayed on the display surface.
I'l'lum nation source 72 nmay produce white light, which may be directed
through an infrared/ultraviolet filter 90 to color nodulator 80. In Fig.
12, the color 1o nodul ator includes a color wheel 92, although it should be
appreci ated that the color nodul ator may alternatively include another
nechanlsn1for nDduIatlng the color quallty of Ilght for prolectlon Cblor

~~ N e



spatial light nodulator, sequentially filtering the illumnated Ilight with
segnents 15 having different light filtering properties. As one possible
exanpl e, col or_wheel 92 may include red, green, and blue transm ssive
segnents. #CEGments may be equally sized, for exanple, each having a
central angle of one-hundred twenty degrees; or the segnents may be
weighted to filter the different col ors unequally. Furthernore) additional
and/ or different colored segnments nay be included, such 20 as a white |ight
transm ssive segnment. The col or wheel filters white |ight fromthe

i 11 um nati pdfefePide CaXiSEEOr th RACK Qridhgeineaiss r‘rh§SAe\sselsegayerue bhhmg(mally\hl ch the
light is directed. For exanple, when white ses thr&g{gh a red

transm ssi @E!e%tétﬁﬁiefﬁlat'vﬁlt%é’”arﬂﬂ‘oﬁ}eééﬁ thatthe Sie§ i mg)étceﬁth eIt i s
transm ttedyi (i Qnd"Elg@itioR2 fdroé)étrﬁﬁe SQntJbNe bh@)ohlnﬁﬂﬁts f siifiotal ahélor

illumnation source is sequentially directed throug h the djfferent
segnents. Biemative pempenents maype incorpajated '%toftihf-"ttlétr%‘?i‘sﬁgf {RE XPTPIEr ent

segnent g, dndyk Q@nédrgrf;\éy MR ah ToPBhiallen Geteor1BE abtetming: &lthy mgg?e < of

characterized by wavel engths corresponding to the transm ssive
the vari ougeB@rQHwt@SGmbb’h@' datosidarpelor wRsidedawpl e Fudlermareqiheytiben, and

bl ue col or ¢ e Id d@?&ntp%%e@ 3 rtngéél}#ﬁh@ ttlheWﬁ@h OtheMaghe

continually c ange romre ogreento lue to red to greento%lue and
so on.  2@eReAY6Q asderablyds eotatedgpast far predetesmineddhragheld) — Rig abeve tilt

sequenti al | 9.2 lat
generati ng éggéﬁtﬂr§ p?rg\Qg?&r]%F %@Hgn r nnggr amg b?eogﬁ%eigtogcgﬁ %tln(gigg'elt"(tans 96,
and a fiipel dehans@altefnainhelvﬂ)p Usedused to focus light fromthe col or wheel

onto the spatia dul ator In.t t t he

spatial |ight 85‘}‘& r”rmfgcl ulfide, p@feﬁpgﬁﬁyé#@r{o@n%rgﬂggs erg&?‘ggr%!)em

shoul d be ugsdeAsionad éysaémtrh@/ bp abeedtively gloupleddul atibrsensor, ahd eusaattzvel yd
era i qui

include a transm ssive at.or ch a th

crystal di SPRYY t'ﬂ)taﬂ‘éY'at'oé‘sdlW'?'?'%lc"‘fr?vaetlaﬁt&é €¥ éﬁ?n ﬁg S&P%%eﬁbjg )%e as a
grating |i gpédetéimifed miMi@lie@idsheld. é@tations maytbetepored ,assaxcéecmg anl i quid
crystal on silicon device, or an 1o interference based '”%ﬂ form ng

el enent1s s@cperiabla QnesFig ©H0ecaRf/or af ingremertal Nellps SPRIRS: Wgs‘éaﬂy'ﬂ%dul at or.

The spati alyehiddt ofdulagt sH eseémﬁbgof the fﬁaysc%ﬂbﬁ&té \ééht‘ol%)fsﬁé?ﬁ nhaygbé
according to 1 nput recelved frominage controlle t he % fromthe

col or nodulpsegremEmasiiorronaifex tittlkas Hwe W\?é?’@ﬁ@l"ﬁd f@lﬂ@%ﬁtfﬁ%nolq K1gh
modul at or gy ,8€)-eghd Vl%l" yeta:ﬁ vﬁfhfr?ﬁﬁ aEQé‘pté’lﬂé Qdpefhtihg gﬁﬁ%é 0th8xé?ﬁﬂ§eé

| ocations on the di splay surface. In this manner, each pixel of the

proj ect ed |mmemyedammlﬁunvtmﬁiowofc@nr@wa@év 155) %ha%bﬁn L8R ay
sel ect e% ﬁ& g)?x é(.’fcfaﬁ gg%égﬂ%lg %F)b@alttlﬁ% é@e%ti’o[ %Jsphléh?rgss%réjﬁﬁiré dtfpcel ved

col or. cont ppear as a parti cul ar
col or, and mjlnethemclm:mndmalthrpshcﬁdlssmambecselt lte Eatcilitade wpfimization obhpaditulaiage. The

20 percelv d col o of ..each e hus t he
col l ective f’"ﬁﬁge n’ﬁ&? B‘ RS ‘%’gs ﬁ\e ”F%ﬁe?e‘?w%% ﬁ@%?bﬁa%&l"%?ﬁé‘llg’gﬂle %@ucflat or may
be direct edsytshhougiy lve prdgramtnedrtol repert dsatethb | proj@6@r is bpeérating tout of dnr ect s
the light onto

rfac e I be
adj ust ed, é'lcfﬁ% Wﬁ‘gﬁ 3'}[ ﬁﬁ?‘? Eiqé)d%s’sg‘%gg?%sg? ﬁlty %ﬁaﬁg%d&&epgg i mage
may be @ 0negdarxmrfgabafﬁ)&sblmmhmtpMmegﬁdtmns tited. a&ean bxamhleuifdhebsecmppr eci ated
t hat i mage enerat ng.as 70 _may_incl ud ddi t r@aative
optics, - d'%faa?r(')(?s he%f’?'?[ﬂ? ys &d’@?%én?fgvﬁ)rggge@' ﬂe ohh r\%li %éngs@?st in
form ng andrgjesio filted, slch ﬁ@&y rpﬁ@indu@geq@ntltatlwmealde Sindlea}mgulné degree
Simlarly, |mage projection system1 inclu di t.i onal (f‘aﬁré(mﬁ@nentry
such as a 3§ t#ode semegmiadime ét&ﬁ ‘?Jﬁﬁfo Gﬁgigﬁ’%ﬁ) ABEEFEN Py, etc.
whi ch has r}‘éﬁe&iﬁﬁﬂhélrb!éﬁ&é AhRAINOBF BIeSRE Pemdication ddktHed ssithTini dniotrite

description of the inmage qeneratl ng assenbly.
30 exceeds an acceptab e operating range.

Tilt variations may be “reported” via a variety of different mechanisms,

depending on a particular implementation of the control system. As shown in Fig.



200207862 12 Al t hough descri bed above in the context of an exenplary inmage
projection system a tilt sensor, or other orientation neasuring device,
may be used to optimze the light intensity projected froman illum nation
source in 89%@F&$nage proj ection systegs, as well as in applications other
than image projecting. 5 Furthernore, tilt sensors may be used to di agnose
and/ or correct other characteristics of an illum nation source or inage
projection system In this respect, control systens of the present

di scl osure may be programed to nake such a di agnoses and/or correction.

%Althou_gh thq,Qrcgpmtslydﬁe&pi@_sm)einbmaglamml;equMisdeldawiatlinpildlen‘mtdmb@Iaw the 1 o
or egol ng oper atil ona pr.i1nci es an I.nent s It W P nt to

t hose ski | Iteat may tbﬁé‘sépttot‘ﬁ%&“&&lr‘?sﬁﬂgﬁ@n@ﬂ&@é'aﬁ'q{i foo? Msﬁﬁc?uggta%i 'thgy be
made wit hoyb ndepar it g@mfnif\ m ity %mréiéimg!édviwa}nﬁdid@tbw)@dch rast ingicapended

clainms. The present disclOsure is intended to enbrace all such

al ternat i véightsmoeny Adeitioesly emalteraativehcbs sesh ISP BRPAIMMEEIS dBBe of the
appended Clq%hgﬁl'es%e\é\vr%ﬁ ﬁg}t%?ﬂ&l'a% ral %&th‘érim%bf@'ggﬁerraﬁﬁg E§se"nﬁ’bl% so&hdti rst, "

or "another™ ‘e f e equi valent thereof,[ they Should be interpreted
t o i ncl ude tomimage genesatingcassembhemey praiegt @hdsual Bginatiom gf thertiltdevialianng t wo

or nore Su%&ﬂﬁ%;ﬁ?ﬁgﬁﬁac& ﬁ%%?r%pgyis%eoﬂ%%%ditioﬁa } & ARAnativelylincldadrgt hod of

nonitoring mnation source . ~including a reflector (34, 34',
78) and a |sanpd transduoey 68\ibreauslibly spgpding adlihwaiemgamﬁguqm,a spends3friges from a

ble | uni % e e S )
o octor (Chsotis. | Sgetizely mhalhdh HIRFS BRSS I br, Ghed Bl Ay,

i nt ensitoy roohveding the tilbdetiation iona maery Il 36me Idnbodiroents dtvei ¢antrot system (22,
22", 74); itor] i ent at.i f the,l 4 - e Iy

change | n (e SR Pafiftsfoh SohAb R fterba e R sadas 4 thmpl b @
reduct i on igloWirghtheiexternali deviceetbl recdghizef thermishligriment mad ytake3 6ppréptigtet owar d
the desired t t (22, 22"  74).,10 2. Th t.hod of .cl.ai m. i
Fopor t1 ng. detiBnglc A roEcaYPn St Ton BairpRE TRy ey 30ie0Ry Nirbasldgs® "
reporting ardidrine®lorkhahkadptréldystefbinal eldditionallytar aiternatieslg neporithedit( R, R ).

3. The nethod of claim 2, wherein reportin he tilt, includes displaying a
tilt wathi fgvERoR BY AN &7 ,°°8r_8)’t.'°”l§°mma_fﬁjett‘?r€f5_ﬁ the ﬁ!t,ais Sl'i,as\/vi% rein
reporting thiforhktidally ﬂbq)euﬁg?ﬂwea%je%{ov_omm@hmg_tae pldsina/frepaing the.oplibel met hod
of claiml1, further’including reoptimzing [ight intensity reflected from

t he | uni naraxig 8bthegsystemo If the meapyred titaisgadicative of>a potepdinlly, damagingt i ng
alignnent q | LA PRCT oW ¥ | when 20
the orienta pleg%%(gf bﬂdgﬁ{nﬁﬁgé’?féf %%))Da%%g%sna@%g&iéa}%é&é#%ﬁﬁ% fret

predet er mi renguifs rimelectradeskgitt production neande sfoppadi Ae as 1 spditseothe( 10,

10 e ", LU FRRER g SR ool “BEREGBLR uEe T 21 o
(22, 22') 78D sakehin lemiemage of the image projection system, in a lamp assembly
application specific integrated circuit, or another internal and/or external device.
Once a tilt deviation is detected, correction may be accomplished through
a variety of mechanisms to optimize light intensity. For example, the lamp may
25 be leveled to remove the tilt. However, in some situations a user may
purposefully intend for the lamp to remain tilted, while desiring optimal light
intensity. For example, the user may mount an image projection system upside
down on a ceiling, or sideways on a wall. In other situations, a user may have
the lamp angled up or down so as to be aimed at a display surface that is above
30 or below the projection system. In such situations, the user may install a lamp
specially configured for the user’s desired lamp orientation. In other words, if the

user wants to operate the lamp with a ninety degree tilt, a ninety-degree lamp



25 generating assenbly (12, 70) is aligned wth at |east one reference axis
(R, R); associating a tilt sensor (14, 50, 50', 62, 73) wth the inage
generating assenbly (12, 70) to determine a tilt of the inmage generating
assenbly (P27 relative to the refegence axis (R R); and operatively
coupling a control system (16, 16') to the tilt sensor (14, 50, 50', 62,
73), wherein the control system (16, 16') is 30 configured to report tilt
of the imge generating assenbly (12, 70) relative to the reference axis
(R, R) that exceeds a predeterm ned m ni num threshol d. 200207862-1 14 7.
An i mage pmedyebéiinstakess themnis ddnfidred to quogudes angasraa firetlsaileingtheesame ng
assenbly (12,.70) configured t ecei ve an input  Si | (84 oj ect an
i mage based®OSHORHY qoe?@}ﬁt?p%sﬁ@ﬁa aE a5 a,ndﬁﬁglaﬂ]ptl?"fldgécg@%? a(‘ﬁigmgﬁpeb% 62,
73) confi gy 6®r| IrRAOIACS Rokizahes IopidRtatibm. I €his eiatmet, ithé resuttingnslasya by

determning 5 atilt between the i mage generating assenbl 12, .70) and at

| east one %éﬁb;&”éﬁ@éomlh/@"@@d Nr)qpt'ma?m@‘ﬁ'tﬁad@"'t&di"%?’F&YX‘@%@Qrf?r( %0, 10")
of claim?7, r i i i b aisteg an

1 am gt SEMESLSE iy BFenifsis GPRE! e g8 pRASH dySem ?%g e

vol ume of éh ectariespbhding varety of Yiked origntations. (S&h lagpsanay e(@@ﬂglé,fﬁgendi ng
into the enygl M- ) . ext Walo P ea(26),
wher ei n thé’yl g’n%%&"éﬁ%) P ﬁ%tlgg'%cﬂgﬁzeréﬁg Co Igl?:tg I:n\%efﬂgl\;b?:%netf i%utfﬁggﬁr%ﬂ gnerat e a
pl asma fir qiedma figthall 36" profucech corvectivrowéll (rBe; thenplagmecfinebal cwtO(tga, 34",
78) configuped eflect |i t I | I , Watt O a
nodul at or (inl,reciae{au[}g? g'g?J"t\ﬂg&ran% (raB epér}g}hgcoﬁl?ig% %@i?ﬂﬁ%f X%}?ﬁlSn’%%'a)t. 9. The
i mage prooj ecfocioof tisey edflentof.10, 10') of claim 7, wherein a control system (16,

16') is operativyely coupled.to the tilt s 14, 50, ) and
configured to rl’bcﬁ%f“e[ @W&@?W’n@ﬁe tl?rf]P.%%g%%\fr? |él Pﬁ%ma?ﬁfoﬁé%%ﬂgge (20,
72), corrpri[_ﬁjisnighs af?r Ga;ﬂ'ﬂ!ﬁtingetlh&ﬁl)as?a ﬁmbatﬂi(ptgitnvtd lplnmdllmg eptivalr Iighiljl y( )
conductive pl asma 8); an electro air 0] 2) 1.0 i ngde (30
ext endi ng iH€BSPhe Féﬁv%%e’ gnvceiq 08Rd (%%troéﬁ%erﬂafr% Hﬁg’Satr‘H@ gnvel ope,
DS i D g o ot Gt S o ot Loge 4 Laht |
plasma fireball; a reflector onfig o refl.ec ight from
the pl at¥a Rlased direbaiiagt 33%05'3, 02’1\ N PE"P%‘@ﬁéﬁﬁec(“i’zt, "jfgg‘e Laﬂ"p, '%Qﬁe 31"°25

posi tioned dryeRpbi R eletraddsO Rl te FaicRitiored tittot Aivtivdresdléqgisle padsition 30) 32)
and configured to determne tilt between the el ectrode pair (30, 32) and at
| east one ribalepetipigeslipht intensity Jn the@ey Wiss: prigntatipn, MW@ thegplpsma

oper at | vel Yy 6o4ip! sl kN fndyelit ofERFOMel HrauiOpoSifion @ 183bomedtionnt i gur ed

to report the tilt "as an indicator of intensity of light reflected by the
reflector (Adystawnts m@ye tgghe lamp’s arrangement may be performed manually, for

Nyp 1 wl ’%)(awim 'ﬂ@éi}r\/i%\&\ﬁ /OM%U i tf/ui}ﬁ)rﬂ h@ﬁn‘-{ﬁ&?ﬂroﬁ% bl @ ¥emé n
| wr mhc caJca qa] aJ ca] caJcal cal caJ caJ ca] ca] ca] cal ca] ca ca]rca] ca!rcla] cal ca]
ca] ca] ca] cadrobddimpotsUrerdsitmhing] ofathe lamp may occur automatically. The contro
system may send a correction command to a realignment mechanism, configured
to selectively reposition the lamp relative to the reflector, for example by using
opto-mechanical alignment guides.
25 Fig. 12 schematically shows an image projection system 10" including an
image generating assembly 70. Image generating assembly 70 includes an
illumination source 72, a modulator 74, and a tilt sensor 73. To simplify
illustration of the image generating assembly 70, the image generating assembly
has been optically “unfolded.” Depending on the components of the image
30 generating assembly, it may be configured so that light from the illumination
source changes directions one or more times before leaving the projection
system. The illumination source may include a plasma lamp 76, such as a
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a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca]ca]ca]ca]ca
4?Byi K) ! 109%&' () -

109&' () - f : X08MUry)or xEas.|dmp, IOV EfErtos T8 dgsclibedabyvey ot illusaed nl0%R’ ()

101 ya 10T trocHle oSSt i gt i B0 Toobaeo. o
T T L i b o g O s ), ©
s! 109%& () - f°9§f'9Fr8ESP7!m0di‘W@8!5%h}-@ Hb@&t&t%% thodui3iasy 'Qﬁj : %&’%ﬁﬁ% 3"%’) ]
110% & (5) - c‘hilé}%tﬁéaﬂ},‘tg a display surface 88 according to a video signal 84 received by

an image controller 86. In this manner, images based on, or defined by, the input

video signal may be displayed on the display surface.

lllumination source 72 may produce white light, which may be directed
through an infrared/ultraviolet filter 90 to color modulator 80. In Fig. 12, the color

10  modulator includes a color wheel 92, although it should be appreciated that the
color modulator may alternatively include another mechanism for modulating the
color quality of light for projection. Color wheel 92 may include a multicolor filter
that rapidly rotates in the light path between the illumination source and the
spatial light modulator, sequentially filtering the illuminated light with segments

15  having different light filtering properties. As one possible example, color wheel 92
may include red, green, and blue transmissive segments. The segments may be
equally sized, for example, each having a central angle of one-hundred twenty
degrees; or the segments may be weighted to filter the different colors unequally.
Furthermore, additional and/or different colored segments may be included, such

20 as a white light transmissive segment.

The color wheel filters white light from the illumination source according to
the transmissive segment through which the light is directed. For example, when
white light passes through a red transmissive segment, blue and green light is
filtered and red light is transmitted. Color wheel 92 rotates so that the light from

25 the illumination source is sequentially directed through the different segments. In
this manner, the white light is filtered by the different segments, and the light
output from the color wheel cyclically is characterized by wavelengths
corresponding to the transmissive colors of the various segments of the color
wheel. For example, as a red, green, and blue color wheel rotates, light passing

30 through the color wheel continually changes from red to green to blue to red to

green to blue, and so on.
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5 embodiment, the spatial light modulator includes a digital micromirror device 100.
It should be understood that the spatial light modulator may alternatively include
a transmissive modulator, such as a cathode ray tube or a liquid crystal display
panel; a diffractive image forming element, such as a grating light valve, a
reflective image forming element, such as a liquid crystal on silicon device, or an
10 interference based image forming element, such as a transmissive or reflective
interference based modulator.

The spatial light modulator of Fig. 12 may selectively direct light according
to input received from image controller 86. As the light from the color modulator
sequentially changes wavelength, the spatial light modulator may selectively

15  direct the colored light to the proper locations on the display surface. In this
manner, each pixel of the projected image may be individually controlled to
sequentially display selected colors in the appropriate quantity to yield a desired
perceived color. Each pixel may be controlled over time to appear as a particular
color, and the individual pixels may collectively form a colored image. The

20 perceived color of each pixel may be individually changed, and thus the collective
image may be changed.

Light from the spatial light modulator may be directed through a projection
lens assembly 102, that in turn directs the light onto the display surface. The
projection lens assembly may be adjusted, either manually or automatically, so

25 that the projected image may be properly focused on the projection surface. It
should be appreciated that image generating assembly 70 may include additional
or alternative optics, modulators, mirrors, focusing devices, and the like to assist
in forming and projecting the desired image onto the display surface. Similarly,
image projection system 10" may include additional componentry, such as a

30 control system, networking subsystem, processor, memory, etc., which has not
been illustrated or described in order to simplify the description of the image

generating assembly.
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optimize the light intensity projected from an illumination source in other image
projection systems, as well as in applications other than image projecting.
5 Furthermore, tilt sensors may be used to diagnose and/or correct other
characteristics of an illumination source or image projection system. In this
respect, control systems of the present disclosure may be programmed to make
such a diagnoses and/or correction.
Although the present disclosure has been provided with reference to the
10 foregoing operational principles and embodiments, it will be apparent to those
skilled in the art that various changes in form and detail may be made without
departing from the spirit and scope defined in the appended claims. The present
disclosure is intended to embrace all such alternatives, modifications and
variances that fall within the scope of the appended claims. Where the disclosure
15  or claims recite “a,” “a first,” or “another” element, or the equivalent thereof, they
should be interpreted to include one or more such elements, neither requiring nor

excluding two or more such elements.
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shines from a moveable luminary (36, 36°), the method comprising: aligning the
5 reflector (34, 34", 78) and the luminary (36, 36°) to optimize light intensity
reflected from the luminary (36, 36°) to a desired target (22, 22°, 74), monitoring
an orientation of the lamp (24, 76); reporting a change in the orientation of the
lamp (24, 76) as an indication of a reduction in light intensity reflected from the
luminary (36, 36°) toward the desired target (22, 22°, 74).
10 2. The method of claim 1, wherein reporting a change in the
orientation of the lamp (24, 76) includes reporting a tilt of the lamp (24, 76)
relative to a reference axis (R, R").
3. The method of claim 2, wherein reporting the tilt includes displaying
a tilt warning on a screen (67, 88).
15 4. The method of claim 2, wherein reporting the tilt includes audibly
sounding a tilt warning.
5. The method of claim 1, further including reoptimizing light intensity
reflected from the luminary (36, 36°) to the desired target (22, 22°, 74) by
adjusting alignment of the luminary (36, 36°) and the reflector (34, 34", 78) when
20 the orientation of the lamp (24, 76) changes by greater than a predetermined
minimum threshold.
6. A method of making a projector (10, 10°) having an image
generating assembly (12, 70), comprising: optimizing light intensity reflected
from a luminary (36, 36°) to a desired target (22, 22°, 74) when the image
25 generating assembly (12, 70) is aligned with at least one reference axis (R, R’);
associating a tilt sensor (14, 50, 50°, 62, 73) with the image generating assembly
(12, 70) to determine a tilt of the image generating assembly (12, 70) relative to
the reference axis (R, R"); and operatively coupling a control system (16, 16”) to
the tilt sensor (14, 50, 50°, 62, 73), wherein the control system (16, 16°) is
30 configured to report tilt of the image generating assembly (12, 70) relative to the
reference axis (R, R) that exceeds a predetermined minimum threshold.
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generating assembly (12, 70) configured to receive an input signal (84) and
project an image based on the input signal (84); and a tilt sensor (14, 50, 50°, 62,
73) configured to diagnose a decrease in projected light intensity by determining
5 a tilt between the image generating assembly (12, 70) and at least one reference
axis (R, R').

8. The image projection system (10, 10°) of claim 7, wherein the
image generating assembly (12, 70) includes an illumination source (20, 72),
comprising: an envelope (26) bounding a volume of electrically conductive

10 plasma (28); an anode (30) extending into the envelope (26);, a cathode (32)
extending into the envelope (26), wherein the anode and the cathode are
collectively configured to generate a plasma fireball (36, 36°) in the envelope
(26); and a reflector (34, 34", 78) configured to reflect light from the plasma
fireball (36, 36°) to a modulator (22, 22, 74) of the image projection system (10,

15 10°).

9. The image projection system (10, 10°) of claim 7, wherein a control
system (16, 16°) is operatively coupled to the tilt sensor (14, 50, 50°, 62, 73) and
configured to report the determined tilt.

10.  An illumination source (20, 72), comprising: an envelope (26)

20 bounding a volume of electrically conductive plasma (28); an electrode pair (30,
32) including an anode (30) extending into the envelope and a cathode (32)
extending into the envelope, wherein the anode (30) and the cathode (32) are
aligned to generate a plasma fireball; a reflector (34, 34°, 78) configured to reflect
light from the plasma fireball (36, 36°); a tilt sensor (14, 50, 50°, 62, 73)

25 positioned in a fixed relationship relative to the electrode pair (30, 32) and
configured to determine tilt between the electrode pair (30, 32) and at least one
reference axis (R, R’); and a control system (16, 16°) operatively coupled to the
tilt sensor (14, 50, 50°, 62, 73) and configured to report the tilt as an indicator of
intensity of light reflected by the reflector (34, 34", 78).
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