100204146-1 1 5 CORRECTI ON OF A PRQJECTED | MAGE BASED ON A REFLECTED | MAGE
10 BACKGROUND | mage projection systens may be used to enlarge a still or
video image, or to enable the inage to be viewed sinultaneously by a | arge
or small aud?¥@#6é&! As both projection devices and the personal conputers
used to drive them have becone increasingly smaller and nore portable, it
has beconme possible to give 15 sophisticated visual presentations in venues
that were previously inaccessible. Unfortunately, although nodern

proj ection equi pnent may now require only a power socket, many roons nay

| ack a suitable projection surface. Bringing along a projection screen,
however, nmay conprom se the portability of nodern projection apparatus.
The alternative, projection of an imge onto even a lightly 20 col ored
wal |, may detract fromthe content of the presentation. A projection
systen1gpat actively conpensates for the color characteristics of a
projection surface thus would be desirable. SUMWARY A nethod is provided,
i ncluding providing i mage data for a desired inage, 25 projecting the

desired i mage onto a surfagc I i mmge, conparing the
reflected image to the imggogge?ﬁghg@fg%{?gegkﬁﬁbserved di fference, and
nmodi fyi ng the projected IMAGE BASERON A REFRLEGHED WAGE f f erence. BRI EF

DESCRI PTI ON OF THE DRAW NGS Fi g. i ' tric view of a display system
accordi1rPg to an 30 enbodi nent of W‘?ﬁQ@Mn Fig. 2 is a schematic

representation oﬁmag@?r@éai@h&ys@mtmay bé ubédito énlafged stll dryvided image har t

depicting a nethod of color-correctjn ta%etgj 0] ect I ma cording to an

d , e, a
enbodi nent 8fenghle theiraage tope vigwed s sly by a?arge or small audience. As
both projection devices and the personal computers used to drive them have

become increasingly smaller and more portable, it has become possible to give
15  sophisticated visual presentations in venues that were previously inaccessible.
Unfortunately, although modern projection equipment may now require only a
power socket, many rooms may lack a suitable projection surface. Bringing along
a projection screen, however, may compromise the portability of modern
projection apparatus. The alternative, projection of an image onto even a lightly
20 colored wall, may detract from the content of the presentation. A projection
system that actively compensates for the color characteristics of a projection
surface thus would be desirable.
SUMMARY
A method is provided, including providing image data for a desired image,
25 projecting the desired image onto a surface to produce a reflected image,
comparing the reflected image to the image data to determine an observed
difference, and modifying the projected image to reduce the observed difference.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an isometric view of a display system according to an
30 embodiment of the invention.
Fig. 2 is a schematic representation of the display system of Fig. 1.
Fig. 3 is a flowchart depicting a method of color-correcting a projected

image, according to an embodiment of the invention.



DETAI LED DESCRI PTION Referring initially to Fig. 1, a display system
according to an enbodi nent of the present invention is shown generally at
10. SpeC|f|ca Fig. 1 illustrates a display systemincluding a

proj ect or Qﬂé%Xed to produce an image 14 on a 5 display surface 16.

Pr oj ect or 12 typically is associated with a source of imge data, depicted
in Fig. 1 as a |aptop conputer 18. Projgector 12 thus may be configured to
project an imge 14 derived fromthe inage data received from conputer 18
onto display surface 16. The projector may take the formof a digital

projector, or any other suitalpjETAILEDESERIFTONdevi ce. It should be
appreci at ed t hat many types of_ projection systens may be suitable for t he
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Projector 12 typically includes a light engine 20. Light engine 20 is typically
configured to direct and transmit light to display surface 16 so as to generate a
projected image that is derived from, and therefore generally corresponds to, the
20 image data received from computer 18. Light engine 20 may include any suitable
ilumination source adapted to optically address display surface 16, including
single white light sources (such as a mercury lamp, plasma lamp, incandescent
lamp, etc.) and/or multiple white or single color light sources (such as light
emitting diodes (LEDs), laser diodes, etc.). Additionally, projector 12 may include
25 optics, spatial light modulators, scanning mirrors, focusing devices, color-
generation devices, controllers, etc. which may accommodate production of a
multi-color image on the display surface.
As depicted schematically in Fig. 2, display system 10 may also include a
processor 22 that is configured to receive the image data from image data source
30 18 and to convert the image data into commands appropriate for driving light
engine 20. Processor 22 may be included with projector 12, as shown, or may be
an independent processor that is associated with the projector. Processor 22 may



an i ndependent processor that is associated with the projector. Processor
22 may 100204146-1 3 be in comrunication with a nenory 24 that serves as
tenporary (or Iong term storage of data such as calibration informtion,
col or infor'f&4'$ and other data needed by processor 22 to operate
projector 12. The inmage data source 18 may be, without l[imtation, a
personal conputer, 5 such as a noteboagk conputer, a personal digita
assistant, or a mainfrane conputer such as a file server. The data
connection between the i mage data source and the projector processor may

i nclude a fb@rudvuohﬁnm@atmtwmna naemonyy24 that aewesabetempdm(@dnngemrm)n VWher e
the data connection is a dwire cannection ar.dw r nnecti on may

be a cabl e Stqrage of eeta|sughéa§ GREPrateR infermatipp, F%{Pb'@?%méa%eﬁ%?t ata

Al ternati veleded BE prle8s&raP 8 Hpkrile edt&GiZUde a wireless connection that
utilizes nodul at ed rad| ation, typical an infrared or rf (radio

frequency) si gnahe imagedatatsouee,18 fﬁﬁbpécwlﬁ?ouiﬁmﬁﬁﬂpfb Adersonaheopprkct ed
i mge f%omsublgsé%esgﬁ&t%ﬁéélprcgﬁl Lidr €GN Bbrs¥ndlYdibia 5’§s‘?§t§ﬁ’tt - a fRAinf¥AEP! €,

usi ng nenor at connection to an external af a source Is
unnecessar ycomutﬁrls»chyas prite setver. The dataragnnestion, detwean e lmag&zedaia ot her

auxi |2y TBIREYa P BrojeEA bbb GG HAhde bharliird S6RAASEN DY AEGCSSOr

22 directly n response’ to conman processor t eng ne 20
typical |y béi eewirelesaddataanennecton.i YWhere thegdatai conrestionrin ef hardpirej ect ed

| mge 26 t%oﬂhé&@gythesrﬁ’ré @c&rﬁwe&ﬁo Fq%glb%e g:gtgl{e,ﬁﬁt eﬂcél@?& Haﬁvor%%e

refl ected image nomna roj ec
mrror 1|0nagarge88reb medivartki a&dtel'nauvely,stheedata domnevtion ntdyanhclhdgm wmgasae 20

f I d I d f d d
ecetved byeRIABRoaL L%, irORe Heidion, SFCE 1aRiplolieledo "™ °

perfectly medqueady)aimal dliterativelg, piopmoayzsmuyfaé@te tRé@ projetiyd Medgefesrssari |y
be the case in ever aracteristi.cs, as u ed her ei n,

mey i nel e dRtrstrad Bl byiRg PHBFGE TSGR s ek 50 of

i mage. Suchh#t@doanheétivarta GhedxtérhalCtataByurbe is Gifiycessdry eSinflady, 6}5?6]@&1@? epy
defined with reference to the coordi nates of a particular color gace. A

col or siac&xineligde adiskdrivepriofharauxiiany rB?iﬁQWrQﬁYiqeoﬁn@lH'QB image data t

be received by processor 22 directly.

In response to commands from the processor, light engine 20 typically
directs and transmits visible light in the form of a projected image 26 to display
surface 16 to produce reflected image 28, where reflected image 28 nominally is

20 related to the projected image as a mirror image. Such relationship assumes,
however, that light engine 20 perfectly produces the color characteristics defined
by the image data received by the projector, and that display surface 16 provides
a perfectly neutral and reflective display surface. This may not necessarily be the
case in every instance.

25 Color characteristics, as used herein, may include the hue, intensity, and
brightness of all or a portion of an image. Such color characteristics may be
represented and accurately defined with reference to the coordinates of a
particular color space. A color space is typically a mathematical construction that
permits color information to be described numerically and/or plotted graphically.

30 Various color spaces may reference color values such as hue, lightness,
brightness, value, reflectance, vividness, saturation, or chroma, among others.



permts color information to be described nunerically and/or plotted
graphically. 30 Various color spaces nmay reference col or values such as
hue, l|ightness, brightness, value, reflectance, vividness, saturation, or
chroma, andi¥gl4itHers. 100204146-1 4 Such sel ected col or spaces may i ncl ude

HVC (Munsel | ) col or space, RGB color space, HSV col or space, HSL col or
space, YCC col or space, XYZ color spage, L*a*b* color space, L*u*v* col or
space, Lhs col or space, Lhc color space, YXY color space, CMY col or space,

or CWK col or space, anobng others. These 5 col or spaces are typically

characterized bg,ifgelbgt8d eblor @ES&&W@WM%@%\V@ un§eif) icBior $phes; IRGB col or
val ues, as set out in Table 1 below for selected color spaces; Table 1.
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coordinates_in an alternative color space by using an appropriate

mat hemat i c&P2¢%ansform The i mage data sent to the projector may 15 include

color information in RGB col or space, or the inmage data nay be converted

to RGB col (%_rabfép‘fa\ce bef ore

Commonly us

88 2&%?“0 le

of the projected image by the

Color Model Axis 1 Axis 2 Axis 3
RGB red intensity green intensity blue intensity
HVC hue value chroma
HSV hue saturation value
HSL hue saturation lightness
L . red/green yellow/blue

L"a’b lightness balance balance
Lhs lightness hue saturation
Lhe lightness hue chroma
CMY cyan magenta yellow

10
Color data incorporated in an image file may be defined with reference to
coordinates in a selected color space. Coordinates in a particular color space
may generally be converted to coordinates in an alternative color space by using
an appropriate mathematical transform. The image data sent to the projector may
15 include color information in RGB color space, or the image data may be
converted to RGB color space before generation of the projected image by the
light engine, as projection devices typically create a desired color by projecting an
appropriate combination of red, blue, and green light (additive color synthesis).
As described above, an ideal light engine should be capable of generating
20 a projected image having color characteristics that precisely match the color
characteristics defined by the image data. Similarly, an ideal display surface
should produce a reflected image having the color characteristics specified by the
image data. However, in actual practice, the color characteristics of reflected
image 28 may be detectably different from the color characteristics defined by the
25 image data which the projector receives. Potential sources for these differences,



| i ght engine, as projection devices typically create a desired col or by
projecting an appropriate conbination of red, blue, and green |ight
(additive color synthesis). As described above, an ideal |ight engine
shoul d be ¢¥BY%' of generating 20 a projected image having col or
characteristics that precisely match the color characteristics defined by
the inage data. Simlarly, an ideal digplay surface should produce a
reflected i nage having the color characteristics specified by the inage
data. However, in actual practice, the color characteristics of reflected

i mage 28 mjyr BRarfSIkEfiayinkludefdrRdrenh thé arankfoemandm of Ghéimagedatd iime def i ned
by the 25 image data which the projector receives. Potential sources for
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surface mﬁpgﬁﬁﬁ]ﬁgﬁg 'H%ﬁ-erq@kﬁ'ral surface color, such as a yellow tint.

The projection pbr ekarhgle) theldispt surfacemay ihickide aynonunéatea surfade cdlor,yi el d a
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for exanple such as may be present in a wall paper pattern. The projection

e
of an i magdmaae dhethinglusles - & cpaenysliew osmonent thar wasneredifiedy by the  an
unsatisfactogb;ﬁa[ﬁég%cdaqg_ | mmge, where the presence of such visible markings
may di stract “the vicewer fromthe content of the projected imge. 20 In
order t%§ conpendna farfroeretcesplicated examplec therdisplay surégcetmay ckige Spesiir f ace,

more markings, for example such as may be present in a wallpaper pattern. The
projection of an image on such a non-homogeneous display surface may result in
an unsatisfactory reflected image, where the presence of such visible markings
may distract the viewer from the content of the projected image.

20 In order to compensate for the color characteristics of the display surface,
display system 10 may include a feedback system that permits the output of light
engine 20 to be modified in order to at least partially compensate for the color
characteristics of the display surface. The feedback system may be generally
configured to compare the reflected image to the desired image as defined by the

25 image data in order to identify detectable differences between the reflected image
and the desired image. Once the detectable differences have been identified, the
projected image may be modified in order to at least partially compensate for the
identified detectable differences.

The feedback system may be incorporated in projector 12, or may be

30 incorporated in a separate device that is associated with projector 12. As shown
in Fig. 2, the projector may include an optical unit 30 that is configured to detect
the optical characteristics of the reflected image. Optical unit 30 may include a



di splay system 10 may i nclude a feedback systemthat permts the output of
light engine 20 to be nodified in order to at |east partially conpensate
for the color characteristics of the display surface. The feedback system
may be gend0#4f4¢-! configured to conpare the reflected i nage to the desired
I mage as defined by the 25 inmage data in order to identify detectable

di fferences between the reflected inagg and the desired i nage. Once the
detect abl e differences have been identified, the projected imge may be
nodified in order to at |east partially conpensate for the identified
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beanspl i ttef. ¢ Whs Bréleti8y rjngé]e §éndrifealtydhs g\ drigfileSah the PrBjbasr psas ay
through the beamsplitter, while a portion of the light reflected from the display
surface is reflected by the beamsplitter and directed to the optical unit. The use of
a single set of optics for both projection and image sensing simplifies the setup of
20 the display system, and may also facilitate calibration of the optical unit.

Once the optical unit has detected and/or recorded the color
characteristics of the reflected image, the display system may compare the
reflected image to the image data. Although many methods and strategies may
be employed for performing a meaningful comparison between the reflected

25 image and the received image data, in one embodiment, the analysis may be
facilitated by segmenting the image data into a plurality of image subunits in
order to compare the color characteristics of a particular subunit (or subunits).
The actual number of subunits is not necessarily critical, but may be chosen for
either speed of calculation or the quality of the resulting color correction. For

30 example, while dividing the image data into small subunits may improve the
fidelity of the color correction and resolution of the corrected image, doing so may
result in slower data processing, and therefore compromise refresh speed, a



surface is reflected by the beanmsplitter and directed to the optical unit.
The use of a single set of optics for both projection and i mage sensing
sinplifies the setup of 20 the display system and may also facilitate
cal i brati of’®¥'4e optical unit. Once the optical unit has detected and/ or
recorded the color characteristics of the reflected i mage, the display
system may conpare the reflected inage to the i mage data. Although nmany
nmet hods and strategies may be enployed for perform ng a neani ngful

conpari son between the reflected 25 i mage and the received inage data, in
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Once the image data has been segmented, the processor may extract the
value of the average color for each subunit. Typically, the extracted color
correspond to a numerical value in a selected color space representing the

20 average color intensity for that subunit. Eor example utilizing RGB color space, a
selected subunit may be found to have an average red value, an average green
value, and an average blue value over the entire subunit. The average color
intensity may be determined by taking an arithmetic average of the calculated
color intensity over the area of the subunit. For example, Take a selected subunit

25 of image data that includes 10 pixels. If half the subunit pixels have a color value
in RGB color space of (R, G, B) = (100, 100, 200) and half the subunit pixels
have a color value of (R, G, B) = (200, 100, 150), the average red intensity for the

subunit may be obtained by averaging across the subunit:

_ (5x100)+(5x200)

30 R, =
10

=150




15 480 subunits (307,200 segnents), or as many as 1,600 by 1,200 subunits
(1,920,000 segnents). Once the i mage data has been segnented, the processor
may extract the value of the average color for each subunit. Typically,

t he extract®@®4Bt'or correspond to a numerical value in a selected col or
space representing the 20 average color intensity for that subunit. For
exanple utilizing RG col or space, a sgelected subunit nay be found to have
an average red value, an average green value, and an average bl ue val ue
over the entire subunit. The average color intensity nay be determ ned by
taking an arit {igp)average of the calculated color intensity over the
area of thd,s it FdY0 exanpl e, Take a sel ected subunit 25 of imge data
that includes 10 xels. If half the subunit pixels have a color value in
RGB col or space of (R, G B) = (100, 100, 200) and half the subunit pixels
have a color v ue(gfﬁgﬁ; G B) = (200, 100, 150), the average red

i ntensity fpr _t 8200 59)_ be obtai ned by averagi ng across the subunit:
30 ROve = (5*x 100 HO(5 x 200) =150 10 100204146-1 8 Gave (1lox100) 10
=100 Bae _ (5 x 200)+ (5 x 150) =175 10 5 resulting in an average
cal cul ated col or value for the selected subunit of (R G B) = (150, 100,
175) . 16 shaltihghe aspyesgeatatidtéditolbhealae for yesaledted sublinieofi(R, GoB)

dependent up a rij.cul.ar _cal.or space d, t.hat | m)ar l. tion ma
be perfor ﬁe@gpn1@@hﬁrﬁtﬁ&mi‘lﬁaqeeaB&?F'@W.a{Pﬂ/ ) \éea}g§+ ?P!o\?/lé@ﬁ%s'gﬁgs be g
simlarly dspsmiinedpbrra partibulaf cdlbrespadeyand shatfa sindlar lealculatioe nist be  and

t hese averagFf val yes may be stored in nenory 24. The original inmage data
may be use® Br"beéﬂ@roétf% CORIIINAS SYREWS: i mage with the |ight

Average color values may be similarly extracted for each of the subunits of

10  the image data, and these average values may be stored in memory 24. The
original image data may be used to generate the projected image with the light
engine. Optical unit 30 may then detect the resulting reflected image. The color
characteristics for the reflected image may be stored in memory 24 as well. In
order for processor 22 to meaningfully compare the color characteristics of the

15  reflected image with the calculated average color values, the detected reflected
color characteristics may be segmented into subunits corresponding generally to
the subunits of the original image data. That is, the color data detected for the
reflected image may be segmented into the same number, relative size, and
relative placement within the image. The average color intensity across each

20 reflected subunit may then be calculated, similarly to the calculation of the
average image data color intensity above.

Processor 22 may compare the average color intensity for each reflected
subunit with the calculated average color intensity for the corresponding image
data subunit. Where the reflected subunit exhibits an average color value that

25 differs from the calculated average color intensity, the processor may apply a
correction factor to the image data for each subunit that exhibits such a
detectable difference.

It should be appreciated that there may be a predetermined threshold
difference value below which no correction is applied. Where the reflected image

30 color and the calculated image color differ only slightly, for example by an amount



engine. Optical unit 30 may then detect the resulting reflected i mage. The
color <characteristics for the reflected image nmay be stored in nenory 24
as well. In order for processor 22 to neaningfully conpare the col or
charact eri 3P°P%&%3f the 15 reflected image with the cal cul ated average col or
val ues, the detected reflected color characteristics nmay be segnented into
subunits correspondi ng generally to the subunits of the original inage
data. That is, the color data detected for the reflected imge may be
segnented into the same number, relative size, and relative placenent

Wi thin thepidBie ERR:LiBN Hiragiolé oF an avBiagB Sidwerps icosectivhcdf tRE prafdtedt ed
subunit may then be calculated, simlarly to the calculation of the

aver age |nﬁ@%ﬂ%@?&béﬁnﬁﬁcﬁﬁmqt?em?émtﬁ?ﬂ@ ssor 22 may conpare the
average color ipjepsid Y:ofr@étlo‘?\aﬁ{égr B6E | Ricke8shry S tdl Rbiredionh fAdhst Aalyché at ed

average color intensity for orrespondl ng i mage data subunit. Were
the refl ecaemleﬁjpmprpje@iwn palue, that lavt@rq@enrdmrgrpamaf@r% ysad togepprater s from

the cal gul ﬂi ggoié’c?é@ﬂﬁ%%é) | 3 e tb¥ co?rjé ?o?stﬂé¥ BRYaphiBd Yo dhe

correction I mage or eac unit that exhibits such a
det ect abl eirdadé datarreeeived frs’m)data Swr@p]b& e&ucattbal theznolarhvaluesngsfinpd i

predet er m ned. t hreshol d ren I S

appl i ed. V\ﬂ?eer Na95e g%]afalr%&doéjgfﬁ eo gs toS%ng 9% 8 8%%%%@5&&{%@3%%&%@ col or
di ffer onl ymade gid the, reflected inaags. e\ltbgnaamela,rtba morreamamsmy@emﬂpbem he

det ecti on hr shol f aver.age Vi ewe r [ ; h r cted

| mge nmay n%%ﬂ%@ r?&gnan@ﬂgr%%mgn sotd%?i'g ' ?ﬁ t%e‘ﬁ%% g%tfgr feHc:tte I on may
bﬁ neCGISSarcMsreéﬂiﬁndqcrth@iﬁstmctldrﬁdb(lhe l‘rgtzit émglneatpmropdt apaalcplammage (tlmdval ue,
that is, to one or nore paraneters use generat e 0j ed i mage.
For exarrpl yet taﬁeth@E)qu@ERJ) tiye fhe CorerHp f?é’?%p'ﬁ'?}'etﬁ? tatPPE?‘é ‘ﬁﬁE‘&y t%;t‘

recei ved f opBiAiRg PafethéteR didhe fgtilen h@tmaéﬁtn@eht%f tM@bHﬂi&uﬁﬁEbmﬁﬂndﬂ the

i mage data are nodified so as to reduce di fference betwe?ﬂﬁclﬂ desired

i mage and F?@'Yeé’fﬂ’)éﬁlee'wm gagiee. far examale W'S}Q thengutpy intansity 9 may be
applied @b RRELddw, JF incrédding®eicBRtrastHIaRd rﬁ%ﬁtpﬁednfahwéhwethe mage

data that 10"correspond to the instructions to t ht engi ne to project
a partit6ul gereetiggefactof may be selected so as to compensate for the characteristics of
the light engine or display surface that produce the observed differences.
Accordingly, application of the correction factor may serve to reduce the
observed differences in the reflected image color value relative to the desired or
expected color characteristics represented by the image data.

20 Typically, the applied correction factor corresponds to an alteration of the
projected light intensity in one or more of the red, green, or biue channels. Where
the determined difference in color characteristics is due to a deficiency or
malfunction in the light engine itself, the application of a correction factor may
substantially correct the determined difference. For example, where the light

25 engine projects red light at a reduced intensity relative to the projected green and
blue intensity levels, a correction factor may be applied to the color data for the
entire projected image to overcome the deficiency. For example where the
calculated average color intensity (R, G, B) is (120, 210, 195), but the determined
average reflected color intensity is (108, 211, 196), the correction factor may

30 correspond to multiplying the red value of the image data by a factor of 1.1.
Similar scaling operations may be used in order to apply a correction factor to the

entire projected image.



yet another alternative, the correction factor may be applied directly to
the operating paraneters of the |ight engine independent of the particular
comands rece|ved by the light engine, for exanple scaling the output
intensity o124 i ght engine up or down, or increasing the contrast of
the light output. In any case, the 15 correction factor nmay be sel ected so
as to conpensate for the characteristigs of the |Iight engine or display
surface that produce the observed differences. Accordingly, application of
the correction factor may serve to reduce the observed differences in the

reflected i mgenter®the/@dtoctableldifdrscd i dolt? cHagicteridtics magtieeduectd thel or
characteristics represented by the |%ege data. 20 Tﬁpi cally, tge tﬁ$p| i ed
correct i on iSREAYCIUITaSE MAYRGrRI SORRPMRAeNePUs 2PPeRTapEe. ex%?@%é’(?? ght
|ntensity 'pﬁes%ﬂ@e(b? stRage M rklhﬁs r &t ap ?Ii'é?je&brr&ﬂloﬁ'fﬂﬁoﬁ hiyne sised ezt t he

determ ned erence I n co or characteristics is due to_a defigi ency or
mal f unct i ofedsh penially i epmpessgtenter ithe ohromaticecoppnt efatheopurtaceamapingset i on
factor y fd C Qarga¥anpl e,
wher o t Ao *EBbE St ety Babe SPEOARARYBF Safle i85 8E: aienbrdey

rel ative t ¢harhthepsizg etthedsuupits; applitatipn @étherwcemtlery facterds gnorg likelyt@ct i on

factor may e eDltﬁ edglb g é{]ﬁ\ecalr%rcedr%&l V?]r{'é‘?e tﬁ?ié&f’fg% éﬁ%rg P?%rb nmage to

over cone t & |C|enc age col or
intensity (smaua thah the s(zezﬁ thézsmoumisahe d@mr cofrectitut will rienkasedaipondhe

cor r espond V630G (16T S DRt bl Goeofe) mahiif B etdtiel Rimdh oY, 50
1.1. Siom Isabstantidliyrvsitsie aftet carrestiomy be used |n order to appl y a correction
factor to the ntire gj ected imm 4146-1 10 VWhere, th ectabl e
difference in cH 8Sieptied ey wa T”@¥%HH§'% gﬁu‘@sﬁd’vlrﬁ{g th%I%ESBfagye”g%%ace
having a n%ﬁrﬁu&%a%ﬁmgepﬂ% Uirfde ﬁ\%lr?&%'pérdé%dtas ‘téif bepaeathee of
surface markings, an app correction factaqr | east

partial |y ceafseasathemsgives Rbser d‘f?é(?leé‘gt’f‘énf’fethtoPX‘Fhéhé’t‘JﬂﬁgQLg‘aN'é.‘pk? ngs. 5
Were the vae%"?@tmrthé rI‘Qd Pé@l@n amérprsl refé @by, WREreStREDréjbétdr atiempts tar €

| arger than the”size of the subunits, application of the correct on factor
i s noretsl i kepjgct @ white Hoh Q"éotshéh &89 Earkings, I(\HBerngW"Efcléghrtrﬁsr fefiied asfibre the

surface markigos @58 255, 255) for example) reflected light from the surface markings
may exhibit a pink color, for example corresponding to a reflected average color
of (R, G, B) = (255, 200, 200). The application of a correction factor to a subunit
falling within such a marking may include implementing a corresponding
20 decrease in the intensity of red light for that subunit of the projected image, so
that rather than projecting white light, light having a color quality of, for example,
(R, G, B) = (200, 255, 255) may be projected onto the surface marking. As the
surface marking differentially absorbs green and blue wavelengths, but
substantially reflects red, the resulting reflected light may have a color intensity
25  of, for example, (R, G, B) = (200, 200, 200). Although the corrected subunit may
not appear white as specified by the image data, the subunit may exhibit a
corrected appearance that includes a chromatically neutral gray rather than pink,
and the visual impact of the surface marking on the overall projected image may

be thereby decreased.
30 It should be apparent that rather than decreasing the intensity of the light
reflected by the surface marking, a similar correction may be effected by

increasing the intensity of the wavelengths absorbed by the surface marking. In



smal | er than the size of the subunits, the color correction will be based
upon the average color value for the subunit, and the markings may
therefore remain 10 substantially visible after correction. In a
sinmplified'PP¥ele may consider the case where the display surface

i ncl udes red markings. The surface markings are perceived as 'red" because
the markings thensel ves absorb wavel epngt hs of |ight other than |ight
having a wavelength in the red region, which is reflected. Were the
projector attenpts to 15 project a white light onto such red markings,

(where whi i@ hb&Rtexamples rhthedthan debreasig the oatpliinthe P&bwavddibngthethexanpl e)
reflected light fromthe surface markings exhi bit aﬂ% nk col.or, for

gs nay €ex
exanpl e coPluesy¥heneRp wayelengks| cavidele SV&%PQEd'@S\ydPC"eﬁe% scgorgcﬂc_m (255,
200, 200) . idi2 ABPbo oAl Bherd dialtioREIghRinfetRitpls dvailabié Wi drojebk | | Ng
wi thin such a marking may include i nplenmenting a corresponding 20 decrease
in the int&sed althefparticylarisghunit wider e¥alualidfuni t of the projected i mage, so
t hat rather tha r.Qj ' ' ' g ' Lty of,
for exarfr’rpl e, (ghé’&Bhgqutobf}g%tggh{aggg %&@Ihﬁgg& bée@g%@ redZetéef%& gﬂ?%ﬁ% surface
mar ki ng. Asnté.eoraxamplse aswakt of @ndnifialgrasver iupl of the peojgater, thediaht angingel ue
wavel engt h . t ' i ed |ight
may have a T Bioiach LB OB bt Ealfélch Scibens. OF cbfEBtich Betcl idPER 01 )"
Al t hough t kietermirreglc baseds wiponi an rinitial nompanisoeaof Whe texpasted pealorf iokdhey t he

| mage data,_ t.he, subunit exhibit a cprrected. r Jncludes a
chronat i calPUPTREQR F%{Fe'éf‘g@%}ea‘?%@&eﬁ' ﬁglﬁ’r Bf){ﬁlﬁ,cahgrﬁaglﬁ)%gr%\?ﬁlsnﬁﬁ 3&%&%@ of the
g gr face ﬁﬁa{f%dtdgg couldt {hen Oweﬁ@blied) Itcﬂ j aatphﬁdctiohiBMUGHyr shb?]édmne ipyojeleted e?s eﬁ.

It shoul e apparent fhat .rather n decreasing. the intensity of the
light ref B89 @@Fth‘%ep@lﬁc%é %rerF&ﬁ‘kfiaﬁ‘F‘df%&&ﬁ oWy D@!?r magde o r‘?pﬁE@'XBe
effected bynay be paaiciiagy dbsirdbld @here the Projebior keixetemdiths dispayriefdcby t he
surface marking. In 100204146-1 11 the above exanple, rather than

decr easi ng deRe NetLYFVAUing B igvenespi@oBngt hs, the blue and green

wavel engt hs coulflefngtively, e RIMECHsH YactdiChap PRldetdfthifed UsingCan @ﬂﬂoiﬁgde_ may
be avail abl e where additional light intensity is available to the projector

used at15t h@rerassi cvheie seolpunanaly§esemayy freuerfrmed periodically, with the
determination of new correction factors. The correction factor may also be

determined using an iterative process, where a first correction factor is applied,
generating a corrected projected image, and the corrected reflected image is then
compared to the image data. Differences between the corrected reflected image
20 and the image data may then result in the application of one or more additional
correction factors, with additional correction of the projected image occurring
iteratively until either the color characteristics of the reflected image match the
desired color characteristics, for example to within an predetermined and
acceptable error value, or until the processor recognizes that no further correction
25 s possible.

The color correction process described herein may occur in real-time. That
is, the projector may be actively correcting the color output of the light engine on
an ongoing basis as a presentation is projected. The ability of the projector to
accomplish real-time color correction may be limited by the capabilities of the

30 processor used to analyze the image data and the reflected image color
characteristics. As discussed above, the demand on the processor may be

related to the number of subunits the outgoing and incoming image is subdivided



5 The correction factor may be determ ned for a given projected i mage only
once. For exanple, as part of an initial power up of the projector, the

| i ght englne may project one or nore color calibration screens. A
correction'PZé18y nay be deternined based upon an initial conparison of

t he expected color of the calibration screen and the detected color of the
calibration screen. The correction 10 4pactor could then be applied to a
proj ection value for subsequent projected inmges, until the projector is
recali brated or shut down. This node of operation nmay be particularly

desirabl e waer ¢hé NSosRiAite Gfofeal-imbi ¥68r &dFtettitth, iltp| Y ability a6 erapitihes not
vary during a given presentation. Alternatively, the correction fact or may

be determmpwaﬁﬂgfoawaﬂawsng thelépﬁﬁ%@ﬁ?@so thp Sisplaysusiace ManRRIIt &y be
per f or med Pr%géc?éﬂ Fggrwtatléﬁ‘ﬁ ttt{ﬂ 6%%5%tl9for HRSrRIRERBCVarEbId act or s.

The correc termned using an iterative process,
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pr oj ect | mage is then conpared to the
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_ g

i mage data may Ahm\hasdaeftﬂdiorl-ommebmgaaprqecaed imagn‘ using: ther feedbackaaygtem onal
correction ctors, wth .additjonal c rre t. ge
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r ef Ihect ed bm@ed m@ﬂio@ihat'(tj‘li\ﬂ tgdqm)]betdr a«mwnycbeems amagst tata, frosmrthemtqol eto

W thin an gre et gn ed. an ept error ﬁ%’ls { % 413 rocessor
r ecogni zesSPHS® aﬁé ﬂ? 5sepg1e8 'PE"&SU?HQJ'S {235 9M%r rect i on
procesaodeéﬁrlab&@gberceloa vaMeomy ben é)&fdctéd nfeom Tleath sabumtheatpmo; ector
may be actively correcting the col or QUtgrUt of the I|

ongoi ng baSimulianegusly é’ééﬂﬂ‘éﬁﬂt'éw ithe projpciert Ay Projects) ﬁé o8t oj ect or
to aCCO”pkHeSIEafg%%a‘té bﬁi% th8 ldRpIdyOsUrRaes aP A2 MYe *Héulﬂhﬁ‘réﬂéité&’m’id@@ may

capabilities of “the processor used to analy the image data and the

reflected theade "@Gpﬁﬂed at it and segraented intyl ?dib%t%%@ﬁ’t%&/@"ﬁﬁi?@"@l%nd on

the procesgfy sé’q})‘eﬁl@% ﬁﬁhtgfsegf e A%Wééécblb?v@l%gﬁéﬁg and
I ncomng imge Ts su cfl vi ded 100204TI46-1 12 into. EOSSI bi |

real -tilhe thﬂnd?e dejemeioed far eagh ohtherefiested tTVaQQ)Sl#bé'ﬁItﬂ pl/48. The PTOCGSSOF
may then determine the difference between the average desired color value and

the average reflected color value for each subunit at 50.
If a detectable difference exists, the processor may determine whether the
detectable difference is less than or equal to a predefined permitted difference
20 value at 52. Where the detectable difference is less than the predefined permitted
difference value, the color quality of the reflected image is considered satisfactory
and the feedback system stops at 54. Where the detectable difference is greater
than the permitted difference value, the processor may calculate a correction
factor at 56, and apply the correction factor to the image data, the light engine,
25 and/or some other aspect of the display system at 58. A corrected image may
then be projected onto the display surface at 60, and the resulting reflected
image recorded at 44, initiating an additional feedback cycle.
The color correction method depicted in flowchart 32 may be used upon
initiating a presentation, as part of the display system calibration. The correction
30 factor determined thereby may be applied throughout the following presentation.
Alternatively, the display system may be configured to perform a single feedback
cycle upon receipt of new image data, that is, to calculate and apply a single



conpensate for variations in the appearance of the display surface may
permt a projected presentation to be displayed on a constantly or
|ntern1ttenth% vari able display surface (for exanple, where the

present at i $1%% e 6r01ected froma noving 5 platformsuch as a rotating
stage or noving vehicle). A nethod of color-correcting a projected i nmage
usi ng the feedback system of display1gystem 10 is depicted generally in
flowchart 32 of Fig. 3. Upon initiation of the nethod at 34, the projector
typically receives imge data fromthe data source at 36. The imge data

may L hen bgos& iR Taetdr ifér & pPHrtidulitnéet of dinag8 datal IhOaruthervaitergativeoltte val ue
may be extracted from each subunit at 4 | t anequs entially,
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col or val ueorfigtired e abasdagethe cfepdlackdlappl afteryal predetermingdhnamBemef at 50.
If a detec C m ne whet her the
det ect abl eh%lgwréérjg&ége?s{h o%ln?e%}rﬁarmg%gﬁhg é&éd g@éégﬁﬁiﬁﬁed permtted
difference 20 Alérnativaly,56r |Wmﬂcht|ctrhethdeﬂsplaabsysstelmf mayeraoelyu @ [celes t han

t he predefined per m Lif t f;
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val u SS
Cnd Spaly oh B0 Stale fradey St sisest ot Eriantich Tl ok PerREpd Wnehyerthe 2 2
and/ or somgnadd18atadsHARGEs. OVhehRethei ;&Bée’mat&yﬁhelmjéé nﬁﬁungﬂmiageseort wded mage nay
t hen be prOJected onto the display surface uItlng

reflected 'm@\%@e the iBAGRdat May be; quf'asﬁwastaﬂt'%@o?qf\smﬂv &?o%"i‘ﬁ? cycl e.

The col or gor yRGIdy 08y sHth Agy %pb&{f@drédnsudrpmh %tor%brﬁ&ﬁorb@cmobtuwon
initiating ﬁr esent ation, as part of aﬁgs ystem cal i brati on. The

corr ect1i50n preg(etarainest periadia Fate el thﬁe‘?"éﬁb? %ﬁgle B@r piof the eAPLERIIRAIPN t he
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to performa sin cycle Upon recei pt new i mage data, that
is, to cal ¢hata eamtyj ofippethods miaygxést for performing the color correction method

disclosed herein as new image data is received by the projector.
In order for display system 10 to properly achieve the color correction
20 described herein, it may correlate the projected image with the image data saved
in memory. In order to perform such correlation, the display system may be
calibrated in order to establish a relationship between the captured reflected
image and the projected image. Such calibration processes may be simplified
where the image sensor and the digital image projector utilize the same optical
25 pathway, as discussed above. However, where the image sensor and the digital
projector do not share an optical pathway, calibration of the image sensor may be
useful in accurately mapping the subunits of the color data captured by the
optical unit onto the subunits of the image data formulated by the processor.
A variety of calibration methods and timing may be utilized. Calibration
30 may be automatic upon startup of the projector, or upon manual activation of a
calibration routine, for example using an operator interface such as a touchpad
on the projector, or by executing a command at an associated computer. The



100204146-1 13 correction factor for a particular set of inmage data. In
another alternative, the display systemmy performnultiple feedback
iterations, refining the correction factor that is applied during each
cycle. It {%28¥Edible that due to the nature of the display surface, or
limtations of the projector, no correction factor may 5 conpletely correct
the reflected image. In this case, theasdisplay systemmy be configured to
abandon the feedback | oop after a predeterm ned nunber of iterations, in
order to avoid interfering with the projected presentation. Aternatively,

or in addi ghpRatidnlotedipé RYelf ial B8 ARYMaNE| of nlayt Alqaire operatacinpan Fort hod
simlar to that depicted in flowhart 32 wherein new.i S

1| al ) ] | marge 10 .d%ta
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predete p

occurs at a re m ne riodic rate, or that only a single iteration
of the col oftheimagedatan process is perforned before new i mage data is

received. It sh&g%rg?&%ggﬁg)@ﬁcéa&gg?%tggag glglisb\é?ﬁdne%t]&g’ Rt Wﬁtoﬁﬁa xi st for

performng the 'c i on e ose erein as new | nage data
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such caor eheipi ¢ie grbjecidids phage 1y sthencomgspoadingaimagentdata.i Altbouglr the
tablish | ati hi t th i d fl ' th

o of ect ed PRHFEEIONSEAdS BPHERD Rersi, Biec bt O S Pt ok BB RS . e

i mge sensgptwtiedl tHeeirflagl tdaka iamagthep eaptaridotolot icharttdristics dmeordet teal 25

pat hway, as di scussed above. However, where the i e sensor_ and._t he
digital pfasliateothed solept carFpetian aWOSﬁ%%eéaﬂeﬁfdlbﬁWag? |§‘t5?s"atqa§?f38?"the

ijmage SenschAfiie?emayS&fsd! bbNufifzed! & %é!ntﬂ?pﬂidwdi?ifhﬂysb'@rﬁﬁélﬁét@ffot' he col or
ata captured the “optical unit onto the subunits of the i nage data
f or mul 46 ed keystenieg pndethes grrorsAn pxgieetion that reay affech theoprojpstaddin@dsnd ti ni ng
may be utilizedppCRhlibbalhRlare instructions to effect the methodology of an
embodiment of the invention may be employed via a computer-readable medium.
A "computer-readable medium,” as used herein, can be any means that can
contain, store, communicate, propagate, or transport such instructions for use by
20 or in connection with an imaging system or imaging apparatus. The computer-
readable medium can be, without limitation, an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system, apparatus, device, or
propagation medium. More specific examples of a computer-readable medium
include, among others, an electrical connection (electronic) having one or more
25  wires, a portable computer diskette (magnetic), a random access memory (RAM)
(magnetic), a read-only memory (ROM) (magnetic), an erasable programmable-
read-only memory (EPROM or Flash memory), an optical fiber (optical), and a
portable compact disc read-only memory (CDROM) (optical). Note that the
computer-readable medium could even be paper or another suitable medium
30 upon which the program may be printed, as the program can be electronically

captured, via for instance optical scanning of the paper or other medium, then



30 may be automatic upon startup of the projector, or upon manual
activation of a calibration routine, for exanple using an operator
interface such as a touchpad on the projector, or by executing a conmand
at an assol&¥¥§'conputer. The 100204146-1 14 calibration procedure itself
may be automatic, or may require operator input. For exanple, upon
execution of a cal i bration command, thg projector may project a full
screen of a selected color, whereupon the optical unit in conbination with
the processor interprets a captured inmage of the projected image to
identify tRembiad, imefRERE'S diherivide Roebselad d stableamdnAasiPabcdssatynem wi t h
correspondin corners of the inmage data. Alternativel y, upon activation
of a cal i bead than stergdin @ CORPULIEMRMSY- may sequentially “paint', or project
a point light sy lei tﬂEHHB Sﬁcg\ec% ‘ﬁ}hte?freééé‘ﬁ e RhedisC iRy féﬁigéénftoénthe
optical unit to capture, there tting t e processor to 10 map the
proj ect ed upgradet to tm@gecfor rmﬁtp@mmgwpmea\@daue Ap t eréagHot permit 4he br at i on
met hods de r et ween
the. i mge Seulteh o M alot SedAbE AL HEREHEE, R IHRRRRR RIS oF
facilitat esud:fesmeare correction pr ocesses described herein, such

cal i bration hni S ma al so ti I 1y
conpensat e for Q%ﬁ&yosﬁ'l gﬁacr@)teﬂg}er%bzp%?rgh%n&i%?@% &¥| on ?%g?)lr?rgy af f ect
t hehp(r]I o{ ereﬂhfpéﬁwe for;b nﬁgmeepdlsﬂ]§¢ sﬁrﬁéde\&ﬂ:yq;erﬁmsrhmgaealdme taloeédresction he

met hodol ogy_of an odi nent of the be. enpl g a
conput er-r QBB%PJECWEdWﬁﬂ? d@B%Lﬁy&e"} %&ﬁft?g?%' iy %agxﬁg%# ﬁ%r ei n,
can be 1gny ngRstaAddraadisgiay suefabésiwithoatt meetypmnwlmncahmntpow@gamage or
transport such instructions f 533881?%‘{'20 or in connection_wth an inmaging

system or ey eYBpRreieslion $ Hoon moying SUMAELR: SATTRIHTBYNY i t hout

li mitationpr8ctRhepibiieis:  THEREERIIting preBéntafdn may 6fér mAmeved ifidelity i ar ed,
or seniconductor system apparatus, device, or "propagation medium More

speci fic egaloprepsodyctian imaarety of priRoPR VERASum i ncl ude, ampng ot hers, an
el ectri cal conngﬁﬁ?@ &s'&e%&%@ﬁw h8¢ bRBR pREVIdEY Rith PefétdrRe. todh@or abl e

conput er diskette netl c a random access nenory netic), a

r ead- orlby fieregeing (TREMtionak priraiples andrerabegimpnts, prw,lg Qg(mg;bqrgnt to t%ose
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.

20



read-only nmenory (EPROM or Flash menory), an optical fiber (optical), and a
portabl e conpact disc read-only nenory (CDROV) (optical). Note that the
conput er -r eadabl e nmedi um coul d even be paper or another suitable nmedium 30
upon whi cH?A¥4st ogram may be printed, as the programcan be electronically
captured, via for instance optical scanning of the paper or other medium
then 100204146-1 15 conpiled, interprgged or otherw se processed in a

sui tabl e manner if necessary, and then stored in a conputer nenory. The
instruction on the conputer-readable nmedia may represent an upgrade to
proj ect or \&RAt¥Rlfmed g&vi ously available, in order to permt the 5
execution of the above-described nethod, or to execute an upgraded version

of such softwdre. AnBetiodminressninga IEDEBAYR COMPISEG roxidifgs p| ay
system Opqmperdaiapfor GOdE8S %?gé Pzer)P&B]e‘éﬁﬁd tHY Gd¥iraY imbl%é BRRSa Byrfaey f or mi ng
a pro I mge. The

real time coFor correction o ] ecte > di splay system
facilitatde praguesnptrefigsted tnage: (A2hscamparnonbaseeried image i e BlAdCaces
Wi t houty t eyl UBT GREIYinG X4IF QBELABE difSEned (56R%hd FddRihh Yine Oproftrdd

\
proj ectlon of presentations upon noving surfiaces, or Trom noving
proj ect i orimageatd ceduse tthebsearead differgnpe éBnt ati on may of fer i nproved

fidelity in caqlor r i on_i D a.Vari - Rrqj [ Al t hough
e predent. di 2t osie meohef Rl 35 it FoifeRoiof defflefi Y Hiue

f or egoi ng dyte iretd isoplatalify ofsubunits (38)dardrisegmenrtiigscolot datal df the reffgoéedent to
those skilled.in the art (ﬁhat vq.rio S ch%g@i in formand detail my be
made wi t hd[B9efUBAaTmesPPRYing PIERIDLPTupUL) ope defined in the appended
cl ai ms1p The pr @sent Thdinfathe of Slains2] Whéeredehpading e Asfleceldlimage ito the
alternatives, nodifications and variances t fall wt hic?ait he, scope of

ha
t he app_end@@geldﬁ_twc'%sl‘tﬁﬁ?ﬁhﬂ'ﬂ@-ai‘_ i‘f?"%?af’dpé}cﬁ!% Bags.dafa SHPURIt hog of
present i Nng48), ic¥RfikiRg dnTB@Etage @B If6F BSch PéflR¢tedl intage subunit (48); and

comparing image data average color to reflected image average color for at least
one subunit to determine the observed difference (50).
15 4, The method of claim 1, where modifying the projected image
includes determining a correction factor to reduce the observed difference (56),
and applying the correction factor to the image data (58).
5. The method of claim 4, where modifying the projected image
includes applying the correction factor to: i) commands received by a light engine
20 to create the projected image; and/or ii) one or more operating parameters of a

light engine used to create the projected image.



i mge data for a desired image (36); projecting the desired image onto a
surface to produce a reflected image (42); conparing the reflected inmage
to the |mag 51%3;3 to determ ne an observed di fference (50); and nodifying
the proj ect B4 ge to reduce the observed difference (60). 2. The nethod
of claim1, further conprising: segnenting the image data into a plurality
of subunits (38); and segnmenting col orizdata of the reflected inage into a
correspondi ng plurality of subunits (46). 10 3. The nethod of claim 2,
where conparing the reflected image to the inmage data includes determ ning

an average col og, fOfAQﬂéihoH”BD@old&t@rréahgnhh m(a@@) ,coch;inemgi nipnoviding aver age
color for each refl ected i mage subunit E'@ c(%[rn'e ﬁ" H g‘e dat a

average col?0] datader @ desied | %i?@@@@btpé‘@ ct I%}'"?aé’te 5@ 62 288bunit to
determ ne yhe Qﬁt%eévéiﬁfaééftf)%r%@@é 65@‘Iecté5 ithagéh@2yetdieslatirly al dasired, where

nodi fying the projected image_  incl udes determ nin correction factor to

reduce theaMﬁ?G?\F@JPrcfPf ﬁe?‘@h'@é of dlag desiggelimaas fﬂoﬁgg?tﬁgmﬁ’ﬁ\gr%’bf“l Y8R9 actor to
the i mage dgjop 6P cor?esp’éh&”nﬁeém%t(ﬁf hkajefedted iR P@ i Hétbﬂﬂlntnlgea

projected inmage includes applying the correction tactor to: i) nmands

recei ved bsdnff@renqgmetwagn the dqwetdoa\@rm eolemhandhthg @%@%neﬁﬁ{j@agsw Br i)
one or p a o n o] t he
proj ect ed I‘?ngg&e‘%ﬂgg@BQ 569%}%'8% fa/gﬁ:r {: rﬂfgh{)e?f'g% %Pugﬁgtpgcg?%gﬁgﬁdl mage,
conpri si ngdlftarmeobmeem treegdesirat antisfetermines avedagereejers((86); :applyisjdetbei ng an
i mage deriv a surf ect ed
| mage (42) Consrlofy AR doat atueb AUk a8, i Bkl BHiEReR iBb
desi r edoi nmxgmg(tldé)):orrekﬁedapmjentlng valued6@x. age 5 color for a correspondl ng

subunit of the ber ! ohie hebfRES SR 5, HEYS BB hiecpaess faroen the
correct i on detsrinining anfavetageccolar, asdideterrhiningde tifierencecbetaeér ﬂ‘reedﬂmredet ween
Factor to AVBRGELBITANA, B UBERIE AYRiegs sPBEH rpeaidpr et ffiigE 10"
using the @ gegiicdmBGeaRa CoRBspeHdiRy dUbRNit of the reflected image.
15 8. The method of claim 6, further comprising: determining an average
color for the corresponding subsection of the reflected corrected image;
determining a revised difference between the desired average color and the
determined corrected average color; determining a revised correction factor
configured to reduce the determined revised difference; applying the revised
20 correction factor to a projection value; and projecting a revised corrected image

using the revised corrected projection value.



7. The nethod of claim6, where calculating a desired average col or,
deternining an average color, and determning a difference between the
desired &m%&%1color and the determ ned average color is repeated for
each subuni the desired i mage and correspondi ng subunit of the
reflected image. 15 8. The nethod of claim6, further conprising:

determ ning an average color for the oorrespondi ng subsection of the
reflected corrected image; determining a revised difference between the
desired average color and the deternined corrected average color;
determning a revi sed drlwlayedé\nmcémptmng @osﬂurwoédnagze detduds) tahbght

determ ned revised_diff rence ap i sed 20 orrectl factor to
2 brof ect | GOVacoBTOuRR 6 pEjact ah fGade Pefecdione e Base A RE A AT ¢ he
revised Cormeﬁdomrcal @ﬁut 'c@ﬁfg@édl% ré&QQQHé‘}@ﬂebtléﬁ &) -thé\ pﬂo;e@tbawnﬁgw ce
conpri si ng: source of i m@m f:ata (18); a light _engine coggl?gg)red to

proj ect an ($%Q@d e PIagessarr pfi Quﬁ%ﬁg@ detesmis: @ fisstaveragse atan
optical sunidast @RI AIUAR H%né %@g&l ddt® a&éﬂnﬁﬁélaoeewndt Jé'\‘iéra Oicoler g6r hMage

(30); and a processor (22) configured to determne a first average col or
for at 5 |@a§esmmlrnmmqnt9ftmﬁeﬂeqa@ag@m galcgateca ﬁiffﬁeem}eé?@m theer age

col or for ‘"ﬁB ﬁadé\@gag}eesrsg aff dd g'.%la{té’fé S&r}é%?i hf?E&%rt B e a

di ff erence Dbet Ween t I TSt and’ second aver age co ors; ate a
correct i on appligdto retdace tmaypalwlat@q)quffm@ajce betwagnaespdotive avemgatce@rs:h fference
bet ween respectiye S o] im9,
further includi t‘]g afﬁ%maﬁgplggogé:@%nect e}mﬁogt hﬁhﬁ¥Bg§§g§ﬁg ta Z’#egh(ﬁ(e menory
i s confiogurcednéated tmithee preceksaors wheessy theagenooy ds conf igured to store the first

average color.



