1 Projection display and method for displaying an overall image for projection free-form surfaces or
tilted projection surfaces 5Description Embodimentslof the invention relate to a projection display and
a method for displaying an overall image. 10The projection of dynamic image contents on a screen or
as a virtual image with a digital liquid crystal-based imaging system is based, according to the prior art,
on projection devices having a mapping optical channel or three channels whose optical paths unite in
front of the projection optics for realizing color mixing. 15In particular, US 2009 323 028 Al shows pico
projectors illuminated by LED in a color sequential manner. Further, US 2009 237 616 Al describes a
projection displByHeLAIRY HigR Bo R AR fesAISREY RO ¥eiAk MR IDNPEPIRE Mowever, if
the dimensions of the systemsrkedoimirstheapesvarilase pedisrbfosuerlizing 20 miniaturized pico
projectors, luminosity losses of the projected image result. Miniaturization of known projection systems
is only possible in a limited manner due to the limitation of the transmissible light flux through the small
surface’of the imaging system existing in these %@kﬂ%his connection is determined by the optical
principle of etendue conservation. The etendue or light grasp of a light source 25 E = 4m2Asin 0
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remains constanﬁ Wi%ll’l an ideal optical mapping. Real optics increase the etendue or 30 reduce
system trandmI&SioR S Fius, a minimum object surface is necessitated for a source having a given
luminance for a minimum transmissible light flux within a projecting optical system. It is a general
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devices having a mapping optical channel or three channels whose optical paths unite in

front of the projection optics for realizing color mixing.

15 In particular, US 2009 323 028 Al shows pico projectors illuminated by LED in a color
sequential manner. Further, US 2009 237 616 Al describes a projection display having
three color channels combined in front of the projection optics.

However, if the dimensions of the systems known in the prior art are reduced for realizing
20 miniaturized pico projectors, luminosity losses of the projected image result.
Miniaturization of known projection systems is only possible in a limited manner due to the
limitation of the transmissible light flux through the small surface of the imaging system
existing in these systems. This connection is determined by the optical principle of
etendue conservation. The etendue or light grasp of a light source
25
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results from its luminous surface A, the half angle of divergence © and the refractive index
n and remains constant with an ideal optical mapping. Real optics increase the etendue or

30 reduce system transmission. Thus, a minimum object surface is necessitated for a source
having a given luminance for a minimum transmissible light flux within a projecting optical
system.

It is a general problem in single-channel projection systems that due to optical laws (e.g.

35 natural vignetting, mapping errors), together with this surface to be mapped, the system
installation length also increases to the same extent, which makes miniaturization more
difficult.



2 One solution for this problem is described in DE 102009024894. There, a projection display having a
light source and regularly arranged optical channels ¥ described. Due to a slightly reduced center
pitch of the projection lenses with respect to the imaging structures, an offset of the respective imaging
structure and the respective projection 5 optics increasing towards the outside from the array center
results, so that superposition of the real individual mappings or images results at a finite distance. Due
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apparatus effort when using projection freé-form surfaces or tifted projection surfaces. This object is
solved by aHFERT oA s Y RBbRFHEFD SROMENSS B $ASHIEW UL RS FERITES or 33,
35 Embodimenngf. thbappeiseagingvemtive plsaidedaipraejdttdrpispliacieaviimy antensiginttByseim that is

implementeghjoc8 aRarais dRHHA BIAENALRPJIN R 18 HELSEIRNNPAED BRRIMO-However, this known
approach fails for curved projection surfaces. Tilting again increases the necessary
installation space. If even adaptivity to different degrees of tilting is to be realized, this
20 necessitates mechanics for realizing the tilting between imaging structure and projection
optics, which opposes the desired miniaturization and low production costs as well as
robust construction. An increased f-number could solve the problem by increasing the
depth of focus, but such an increased f-number is also accompanied by lower light
intensity causing other problems and additionally also opposing miniaturization, since the
25  problem would then be shifted to the light source.

Thus, it is the object of the present invention to provide a projection display and a method
of displaying an overall image which overcome the above problems at least partly, i.e.
allow obtaining improved projection quality with the same or a comparable miniaturization

30 and the same or similar apparatus effort when using projection free-form surfaces or tilted
projection surfaces.

This object is solved by a projection display according to claims 1 or 28 and a method
according to claims 27 or 33.

35
Embodiments of the present invention provide a projection display having an imaging
system that is implemented to generate individual images in a distribution, such as a two-
dimensional distribution, of sub-areas of an imaging plane of the imaging system, and



dimensional distribution, of sub-areas of an imaging plane of the imaging system, and 3 multi-channel
optics that is configured to map one allocated individ8ial image or allocated sub-area each of the
imaging system per channel, such that the mapping of the individual images is at least partly
superimposed to an overall image in a projection surface, wherein the projection surface is a
non-planar free-form surface, such as a curved surface, and/or 5 tilted with respect to the imaging
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shadow mask, can be used asltJ he |matg]|ng system, or an active |ma%ﬂ g system such as a digital
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can be achieved by implementing the imaging system and the multi-channel optics such
that a characteristic of a contribution of each channel to the overall image varies locally
across the overall image depending on what distance the respective common point in the
overall image has to the multi-channel optics, since thereby the channels can be adjusted
25 to different distances and combined in a suitable manner for superposition.

A passive imaging system, such as a shadow mask, can be used as the imaging system,
or an active imaging system such as a digital imaging system, in which case dynamic
adaptation of the projection display to different projection surfaces is also possible by

30 changing the sub-areas in the imaging plane and the individual images generated in the
same.

The projection optics of the multi-channel optics of the projection display can have
decentration with respect to the allocated sub-areas of the imaging system so that the

35 overall image superimposed in the projection surface is real or virtual. By decentration or
central compression or extension between the projection optics and the allocated sub-
areas of the imaging system, in particular, a projection distance of the overall image in the
projection surface can be adjusted.



4 Further, the multi-channel optics can comprise a downstream overall lens cooperating with the
projection optics of the individual channels, which is #mplemented to refocus collimated beams from
the projection optics. 5 In further embodiments of the present invention, the downstream overall lens
can be implemented as optics having a variable focal length, so that an average projection distance
can be adjusted. 10Embodiments of the present invention will be discussed below in more detail with
reference to the accompanying figures, where same or equal elements are indicated with the same
reference numbers. They show: Fig. 1a schematic block diagram of a projection display according to
an 15embobiBaE dhth&pHESEANTIR MRiiSS; FasCTRPPESEhERYAIRITSRIB NeelalbiepfofraRfialialay s
according tovighfferensrejadiacinoerts; @0kig. iddigdleavievaniasprajeciion tigpayentedringfacasfurther
embodiment, frig. 43 Eiéja?n‘é%rﬁftﬁe%ﬂjj%‘&i% %iglba_\y according to a further embodiment; Fig. 5a side
view of a projection display with a lens vertex decentered with 25respect to the aperture of a
respective projection optics; Fig. 6a side view of a projection display with a grid assembly of light
sources; Fitn Tarsice eiswdmepiojelction pispiay withraiowotoeraveistrabassertaly lehfietdiBBlenses;
Fig. 9a SidQMEW@er%i?QSMQiﬁBWJ‘%VWi%% beam RpErSsBNAPRASING Rt prYjEcasor

iIIuminatingda reflective magin sxstem from two sides;
Istance can be adjusted.

10 Embodiments of the present invention will be discussed below in more detail with
reference to the accompanying figures, where same or equal elements are indicated with
the same reference numbers. They show:

Fig. 1 a schematic block diagram of a projection display according to an
15 embodiment of the present invention;

Figs. 2a-2b  schematic side views of projection displays according to different
embodiments;

20 Fig. 3 a side view of a projection display according to a further embodiment;

Fig. 4 a side view of a projection display according to a further embodiment;

Fig. 5 a side view of a projection display with a lens vertex decentered with
25 respect to the aperture of a respective projection optics;

Fig. 6 a side view of a projection display with a grid assembly of light sources;

Fig. 7 a side view of a projection display with a two-dimensional assembly of field
30 lenses;

Fig. 9 a side view of a projection display having two beam splitters and opposing

light sources for illuminating a reflective imaging system from two sides;

35 Fig.9 a side view of a projection display having two beam splitters and a half-
wave plate interposed in the illuminating path;



5 Fig. 10a side view of a projection display having a reflective imaging system and an RGB light
source synchronized in a color-sequential manner; Fég. 11a side view of a projection display having a
filter assembly for generating 5color mixing; Fig. 12a side view of a projection display wherein
mappings of individual images are superimposed to an overall image having a higher resolution;
10Fig. 13a schematic illustration for illustrating superimposing of pixels to an overall image; Fig. 14a
schematic illustration for illustrating superimpasing pf binary black-and- white sub-images to an overall
mage: 15 R 10a scheRa et A e ol R s S S B SR
and-white sub-images to#hRSeBrightriageesycbandtbinatkolniseadeniiat Atofsction onto a 40
tilted projection surface 20having a projection display according to an embodiment; Fig. 17a schematic

illustration cgig[j).r%essing o EDJQ %Q@E?'&@Rﬁé’&ﬂ&y ﬁF%y having a filter assembly for generating

5 color mixing;

Fig. 12 a side view of a projection display wherein mappings of individual images
are superimposed to an overall image having a higher resolution;

10 Fig. 13 a schematic illustration for illustrating superimposing of pixels to an overall
image;
Fig. 14 a schematic illustration for illustrating superimposing of binary black-and-

white sub-images to an overall image;

15
Fig. 15 a schematic illustration for illustrating further superimposing of binary black-
and-white sub-images to an overall image;
Fig. 16 a schematic illustration of a projection onto a 40° tilted projection surface
20 having a projection display according to an embodiment;
Fig. 17 a schematic illustration of processing within a digital imaging system
according to an embodiment; and
25 Fig. 18 a schematic illustration of a projection to a 40° tilted projection surface with

a projection display according to a further embodiment.

Before the present invention will be discussed in more detail below based on the figures, it
should be noted that in the subsequently illustrated embodiments the same or functionally

30 equal elements in the figures are provided with the same reference numbers. Thus, a
description of elements having the same reference numbers can be interchanged and/or
applied to different embodiments.

Fig. 1 shows a projection display 100 according to an embodiment of the present
35 invention. The projection display 100 comprises an imaging system 120 and multi-channel
optics 130. The imaging system 120 is implemented to generate or display individual
images in a distribution of sub-areas 124 of an imaging plane 129 of the imaging system
120. The multi-channel optics 130 is configured to map one allocated sub-area 124 of the



according to an embodiment; and 25Fig. 18a schematic illustration of a projection to a 40 tilted
projection surface with a projection display accordingto a further embodiment. Before the present
invention will be discussed in more detail below based on the figures, it should be noted that in the
subsequently illustrated embodiments the same or functionally 30 equal elements in the figures are
provided with the same reference numbers. Thus, a description of elements having the same
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does not havetaisheilatel anavigedjbetion surface parallel to the imaging plane 129. The projection

surface, in which the overall image is generated, where the individual images are superimposed in a
sharply focused manner, i.e. the deé)th of focus area, can rather be a free surface or a projection

surface’ 150" iRy W'?Qs‘ﬂé&'@%]tﬂ Bty 5I5’|’1‘3Wtﬁg 5B SRR SHIN T 365 9P or
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projection surface, in which the overall image is generated, where the individual images

are superimposed in a sharply focused manner, i.e. the depth of focus area, can rather be

a free surface or a projection surface 150 tilted with respect to the imaging plane 129, as
20 is exemplarily shown in Fig. 1.

For compensating the deviation with respect to the plane-parallel orientation of the
projection surface 150 with respect to the imaging plane 129, the imaging system 120 is
implemented such that constellations of points in the individual images, each

25 superimposed in a respective common point in the overall image 16 due to the multi-
channel optics 130, differ depending on what distance the respective common point in the
overall image has to the multi-channel optics 130. Fig. 1 exemplarily shows two such
common points in the overall image 160, namely one with an x and the other one with an
0. The points in the individual images of the sub-areas 124 corresponding to these points

30 across the multi-channel optics 130 are accordingly also indicated by an x or an 0. The
position of the points o or the position of the points x in the imaging plane 129 respectively
form a constellation together.

The constellation of points o and the constellation of points x differ in order to compensate
35 for the fact that the distance of the common point x along the optical axis of the projection
display, in Fig. 1 exemplarily the normal direction or z axis to the imaging plane 129, to the
projection display 100 or the multi-channel optics 130 is smaller than the distance of the
common point 0. As will be discussed in more detail below, the difference caused by the



projection surface 150 with respect to the imaging plane 129, the imaging system 120 is implemented
such that constellations of points in the individual im@ges, each 25 superimposed in a respective
common point in the overall image 16 due to the multichannel optics 130, differ depending on what
distance the respective common point in the overall image has to the multi-channel optics 130. Fig. 1
exemplarily shows two such common points in the overall image 160, namely one with an x and the
other one Wdtﬁere The points hn the |qd||V|duaI |ma es of tpe su -areas %24 corres ond| 8rthese
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25 the overall image 160 due to the deviation of the projection surface 150 from the actual

image plane to the multi-channel optics 130, which can be in infinity, for example. The

pre-distortion might not be identical across all channels. In order to address a distortion

(3" order) exceeding first-order aberrations (trapezoid), it can be advantageous to pre-

distort the individual images or sub-areas 124 differently, as different decentrations of the

30 respective channels exist. Changing the constellations across the array for tilted projection
surfaces will then be added, as will now be discussed below.

The individual images in the sub-areas 124 pre-distorted with respect to the overall image
160 do differ in order to realize the above-mentioned constellations of points in the sub-

35 images 124 corresponding to a common point in the overall image 160, such that the
sharpness of the overall image 160 is maintained across the whole lateral extension,
despite the depth variation of the projection surface 150 along the optical axis z of the
projection display 100.



30 respective channels exist. Changing the constellations across the array for tilted projection surfaces
will then be added, as will now be discussed below. 8he individual images in the sub-areas 124
pre-distorted with respect to the overall image 160 do differ in order to realize the above-mentioned
constellations of points in the sub- 35 images 124 corresponding to a common point in the overall
image 160, such that the sharpness of the overall image 160 is maintained across the whole lateral
extension, despite the depth variation of the projection surface 150 along the optical axis z of the
projection display 100. 8 Further differences in the individual images in the sub-areas 124 can be

caused by the' @b wiRIBRERM &Y Be i fIMagRing EitoPspfBasHffi-eRamset RS BB Ber
channel, whisbydaveavienedoesrratidapendapphe ladetat vafiationmiitherdistanogpat she Fprpgection

surface to t@ﬁa‘?m‘r%?%ﬁ%@kf"ﬁBWé(véPOddQsﬂHét"&@Meﬂ&eo%vﬁ{@'l'a'fé}%g9&%9&?‘8&%05%%’{89 Ghigethe

projection surface 150 such that the same appears undistorted and sharp from a specific perspective,
such a3 peﬁﬁf@lﬁ%?ﬁa?‘%aﬁ?etwefeemﬁcgﬁﬁg@ﬁ@% The projection display 100 of Fig. 1 can serve

different purposes and can be used in different fields of application. The projection display of Fig. 1 is,

for examplgnqAg WQ}Y/ isnBienRgan iROIech 3 AT edeirsBiSS &ﬁ@@lé'ﬂ?@ﬁa‘%tﬁﬂ%ﬂh’a@@@ﬂ@ such
predetermined péﬁectlon surface 15 d at ha(g gy (ff 6@%? %nd statlonarﬁ/g posmon Wlth respect to the
I ul

projection 1% Hilfiay{B0. FAREH D ECHEOHHE OB rexBRplE, BEBREVINEY ©'lofEet an
overall imagerpeodieplerseritiagreimctirarapiacan dscription or another content, onto a sculpture whose
extern@ surface forms the projection surface 150, wherein in this type of application the projection

display 1001‘@ %Sx?ohoé’gfil’%fgg‘cinﬁ@g ér}\i’ét it %%88'&8% Qﬁ‘i} t"% Sgulpture.

In this case adow mas structur mask
which is |Iluﬁ'ffﬁé%88f'%(ﬂ5e%ﬁﬂﬂ@%eﬂ1 e r@fﬂe&ﬁﬁﬁsq@'ﬁf}é%ﬁm chisni@l 6&?@@'?39”%ﬂ@kéﬁnple by
means of Kinldeddtiitaipaijen.alpredecvduat iovaegesicagk dhansplized aptbdesabnaredsrbittion

binary- COde&er{@é’ “FEGIRHOREYED %gfaﬁ?% EﬂHﬁ%hé{?ﬁB&QﬂJH%ﬁC@%}B@H?% HePpslataddorm.

The mask 120 could in particular be a slide or, in the sub-areas 124, individual slides. Coding of image

25 informatiiP@utPBe TBSHEEH%H%GIE\P@W?%&?H% fRE frrRIgR8 IEFORTRIRMIER 19 tPAAER o
scale. An ersenpleivbgead finsp@sentingl Her disengdedan mecepioraibbelovihémegitentystems 120 in
the form of &mﬁﬂﬁ&%%é@‘&@r\ﬁ% ﬁﬁ&c@%ﬁﬁ?ﬂﬁ@%@ﬁcﬁ%ﬁ%@ﬂ@@ E@“WH&'HWMH@W th.e
sub-areas 124. Eﬁameles of. reftlect|(¥ ?a/ tlest WI Bnesen ed Fe t30 Instead o %%)jasswe
or static |ma8fO 'gf asy%rt'em fﬁ@egrllogc VB Pﬁagln'gs 'srils em suc 83 |g| |ma%|rnegr]n syrétaem can be
used. The iRREHIAD Ysrawrpast dﬂéf@céwlﬁtmémlﬁéﬁlé@eaﬁ*&ﬁlé@@@@ﬁwéhﬁém HaW a8y leigalso

possible thahtiiagirdoswsishieisiael-kirtioes Biaek arianiOumbireien tdrlx@displayfrbniliese
cases, itis P@ér%%&og% the multi-channel optics 130, for example by means of Kdéhler illumination.
The individual images could be realized in the sub-areas 124 binary-coded, gray-scaled or
even color-coded, either in an analog or continuous or pixelated form. The mask 120
could in particular be a slide or, in the sub-areas 124, individual slides. Coding of image
25 information could be realized particularly by mapping the image information on a
transmission scale. An example of rear illumination will be discussed in more detail below.
Imaging systems 120 in the form of a mask could, however, also work reflectively to
generate static individual images in the sub-areas 124. Examples of reflective systems will
also be presented below.
30
Instead of a passive or static imaging system 120, an active imaging system, such as a
digital imaging system 120, can be used. The imaging system can operate in a
transmissive or a reflective manner. However, it is also possible that the imaging system
is self-luminous, such as an OLED or an LED display. In these cases, it is possible that,
35 as will be discussed in more detail below, the imaging system is, for example, internally
implemented to perform the above-mentioned processes which, from incoming pixel array
data representing the overall image 160, provide the position and the contents, namely
the individual images of the sub-areas 124, at first, in order for them to then be displayed



35 as will be discussed in more detail below, the imaging system is, for example, internally
implemented to perform the above-mentioned proce8ses which, from incoming pixel array data
representing the overall image 160, provide the position and the contents, namely the individual
images of the sub-areas 124, at first, in order for them to then be displayed 9 by the imaging system
120, adapted to a specific relative position of the projection surface 150 to the projection display 100,

which also gpables i Rarticyanap.adapialiondo dherpriealion suiiace pramELes i3 eagsible by
accordingly adapting re-¥)erorm|ngt pre-processing. This will'also be discussed in more detail

below. Finali§OitsHSURIBecHeReditnay thBGnYaYRiyASR RIALISH I MR RuATL G9RRIRE BpiRc8th8D can be
stationary tprojeeturotiefaciicleandnstallrdpossibieusingcdorpmgiguiaia siegpoe)estercisiigyti®0 can

be inStal'eddﬂe%mé’@@n%‘?‘fﬁgﬁlﬂ%ﬁb% mebilesRRNGRRA B ABIebook or any other portable

computer or the like. Aftér having described an embodiment for a projection display in general above,
differert options will be discussed with reference to Figs. 2a-d as to how the optical or apparatus part
of the projeEtiaiappshatid bOOad beafdhamadading eysisodihidntedtirgeulietzeaweehoptioshE3deen as

”mi_tin?_' buédé‘rffr%eﬁhﬁ%’_@rﬁ}i@gg&% Hﬂ}?iﬁé‘ﬂt,eh@(?éip%%- %ﬁig@%lgaomﬁqdmmem@ﬁﬁar&n fka
projection display.accordin ig. 1 where the. imaging, system operates transmissively or
Cispiays e RRCIATRAS DS Hrons FSIRIEs 157 BYP IS JRVING Br BB A G RTIROSE atiation
or color varafleieheekeiriyioher ipesghls I9pnreteN oatetiig in the transmission. As is shown in Fig.
2a, for @0 realizing rear illumination, i.e. illumination from a side of the imaging system 120 facing

f t .opti t jecti tus ' ight 10 and
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additionallyparattthativejycticohdgpdhamnaorcafh the omeultiiahanmieldiptos I34-igseatizbdre

according @ yyhiohLtae-field |nbL BaPRRSd6 Bl SAUERR AL ApichibR RSN of the pupil of the

projection optics 130. Fig. 2b shows that a field lens array 116 could be used instead of a field lens
and thax additionally or alternatively instead of a point-shaped light source 110 a planar light source 30
111 could begpozitishewsoanthepeandotaiiiomafzipnojeetisuctistiay ieisltdetts Eigay Wherer the field
!ens _115_ ar%@ﬁﬁf@%ﬁ‘;t@ﬁ%@@%H@?digg‘ﬁr%ﬁgfﬁ@,#éﬁﬂddﬁgﬁdw@%ﬁmm %&Qﬁh@'@%bKomer
illumination can b?ﬁ%lz%d. 'Il'herPIanar Ilghé.souttﬁ:e anhfortexam I.ehbe an rrg%l oftLEDs \%Ith
allocated C(_ﬁ"“ierﬁation _op¥ics'§%ra Y'eaﬁiz%geﬂ L_?m'ﬁ%tlo% il 's?ﬁl'ﬁ_[ avr_ae”apsoo s_?rrug Ure _|rr1'%1_'%r)'/np Anar
manner. 35IFyiduakibageth &Yl aemiuvaitsied imatiadrapsteissistichadsadgnal iméigngaydeem, can
also buseraFihe isaaginghBisien ik Guurhiedliomnaiion saehoplpgyieaglddsyetbmDiaseding
LED-based -based or impl eg reqtly.,.L0 Fi reflectiv ure,of the
orojection cﬁ‘swpgg #P%ﬁ@%@é&%%ﬁ%ﬁﬂﬁﬂo {fi€reany wk pré?e&ﬁé%\é’érs‘tug 5 c%r%tEKHgé L2 it

source 110 and a field lens 115. Preferably, the distance between the sub-images 124

and the field lens 115 is selected to be small in order to realize complete illumination of

the imaging system 120. Preferably, additionally or alternatively, Kéhler illumination of the

25  multi-channel optics 134 is realized, according to which the field lens 115 maps the light

source 110 into the opening of the pupil of the projection optics 130.

Fig. 2b shows that a field lens array 116 could be used instead of a field lens and that
additionally or alternatively instead of a point-shaped light source 110 a planar light source
30 111 could be positioned on the rear for illumination, i.e. such that the field lens array 116
or the field lens 115 are arranged between the light source 111 and the imaging system
120. Here, also, Kohler illumination can be realized. The planar light source can, for
example, be an array of LEDs with allocated collimation optics for realizing illumination
units that are also structured in a very planar manner.
35
Fig. 2c shows that a self-luminous imaging system, such as a digital imaging system, can
also be used as the imaging system 120. The illumination technology could be OLED-
based, LED-based, TFT-based or implemented differently.



imaging system 120 is a reflective imaging system and a front side illumination is realized by means of
a beam splitter 140 arranged between the multi-chah®el optics 130 and the 5 imaging system 120
which is illuminated laterally, for example via a combination of condenser optics 115 and the light
source 110 in order to illuminate the sub-areas 124 of the imaging system 120. Details will become
clear from the following discussion. The imaging system 120 can, for example, be a reflective LCD
imaging system 120, just 10as well as the imaging system sensor of the embodiments according to
Figs. 2a and 2b could be a transmissive LCD imaging system. After having described the basic
implementati€n 8PtRIAVST hECERTHYRIRTEIHGERR]. hepBiasionctsRlays tReCOplingl Ws¥dnshy st a
projection displgisig gl drentiszoissaddirstdeomakfindieykatiending tigiressittorilrxpizatngisheptidal

structure, it fitsLASHY rH%%é?r?%mﬁe‘?@lﬁﬂﬂﬂr%é@aﬁ&vt?@n'%h%'%‘&h %ﬂ%ﬂr‘él%ﬂﬁ‘é@'?édoaﬁbet%ag'”g

plane of the imaging system, However, these statements will also show that the optical structure of the

projectn df?ﬁ%l?%ﬁb’é‘@&n’rﬁ%d‘éﬁl&'ﬂh@ dlé%’?é‘?é?%Hﬁt‘H%%Jéeﬂo%ﬁm%\dﬁféte?ﬂii) PRty S
positioned prarjdetissr sptfacd 1 trat,toeidgot theurmelfiiChiarovdeo piidrinsiratst une, sQﬁLahmerﬂtR!abﬂepth of

focus basica|lyigwig 1@@'@5&5@\K)ﬂ?%@@ﬂ%&%ﬁéﬁ%hf%%%ﬂmé att;cf@sra@mple a few
millimeters, the depth of focus range of each individual projector or each channel in the array 132 is

very high compared to a conventional single-channel assembly. These circumstances are utilized
according td tearepgiiistfviame d2éheapréeenramviiation torgfefverbahicengaingcayalesh digfhdystof the

projectmn caganalfikediy idadias @ﬁ@ﬁeséhﬁnaﬁ giejeatisitismefas aksoanmgapriatRly zhanging the
individual i images or s %1 gg\yglt_rbﬁ%g r{?g gr[ﬂe parallel orientation of the projection surface,
which, in thé case of a %?? ?e e

Imaging sys necessitates, for example, digital image
preprocessing. Only after this description will the case be discussed that the projection surface is not
oriented plaxieepaaling tddberioaging piaite ioptoesntatidravetionseofinbealsab3ditienadtidignal,

measures r]@é‘s%?&@%fe‘f&rf?%ﬁﬁ@ Hb%éiaﬁ"étééﬁ?ﬂ B‘PWB}QJE‘BtﬁJ?i‘Q%?JWWﬁ RL the REEIAN Qg oN. Fig.

3 shows a side view of a _projection dlspla 100 according to an embodiment of the present invention.

The prGjectiBf HYBRYI A8 YESwWRh B! %%Bﬁsggté"ﬂ REY6LNEe 'btsslftre‘t &35HiBgth g8l dm 120,
here exemplenjéciiomplenvantedsn & refteetivanchanne padied-dirtien sivgaharpégnerdstheminigglRP of

projection ogfigsm 34 é@éﬂéﬂt'ﬁf&ﬁnﬂé@%‘éﬁt@@nﬁmﬂsﬁ beam sr%ttethmpttarestmetm@wnw stem
120 is |mplemented to dlﬁt% ¥v d|V|duaI |mda two dz,ri(rgne%r}1 sional dlstrrbutlor%il sub reas 124
iSC

of the samd”" 4%° Ecurther (r’rﬁ)enr15|ona assem prgjejcf’ er?teop ics orﬁnnged to

map an allcaBedsobPaRiipNod Wﬁ@'@ﬁ@tﬁg@@téﬁﬁﬂﬂ@eaﬂ@rﬁ@edptll’éta%@(@%elgst'% SHaCHEpings of
the individugldropges aspsupefstRosaditalgrneaitsadnynage 366 io the pevieslionayrénes ¥66a Finally,

the beam S@Hb%&%? 'ﬁ)?%%ﬁ%%f% Rﬂﬁr#&@%,iﬂ{&‘”depth of focus range of each individual

projector or each channel in the array 132 is very high compared to a conventional single-

channel assembly. These circumstances are utilized according to the embodiments of the

present invention to finally produce the actual sharpness of the projection onto a tilted or

25 free surface-shaped projection surface by appropriately changing the individual images or

sub-areas with respect to a plane-parallel orientation of the projection surface, which, in

the case of a digital imaging system, merely necessitates, for example, digital image

preprocessing. Only after this description will the case be discussed that the projection

surface is not oriented plane-parallel to the imaging plane or does not have to be and also

30 the additional measures necessary to react to the deviation according to embodiments of
the present invention.

Fig. 3 shows a side view of a projection display 100 according to an embodiment of the
present invention. The projection display 100 shown in Fig. 1 comprises a light source
35 110, an imaging system 120, here exemplarily implemented in a reflective manner, a two-
dimensional array or assembly 132 of projection optics 134 as multi-channel optics 130
and a beam splitter 140. Here, the imaging system 120 is implemented to display
individual images in a two-dimensional distribution 122 of sub-areas 124 of the same.



5 optical path between the imaging system 120 and the two-dimensional assembly 132 of the
projection optics, and on the other hand, in the optichl path between the light source 110 and the
imaging system 120. In particular, in further embodiments, the beam splitter 140 can have a
polarizing effect 10and the reflective imaging system 120 can be implemented to display the individual
images in the form of a polarization influence. The projection display can comprise a regular,

two-dimensional assembly of imading, areas the.imadain stem..120,.which is.implemented, for
oxample, ab AT ATE A ﬂﬁ%a%',%j%@% B 552 PR AT RS Lo L MIRTeniER. '

example, ada PHISHBAPHRARSIPIfRePILATE ARAANE HYSLENM EARIGHAIh SRR IP*ES218Bp RN optics
134. As is shapgirigsFid. Belightifiounalthedigh seereepbilithpieseekampte onplgmenige asd_EDtAd 2, first

passes throyglha6Andenser aRisa L) AAd isdfiPahiderhagain g e PolarEng beamspItsr 142

From there it 1S finally reflected in a polarized manner in the 20 direction of the retlective imaging

systenP120°RUARPRINBPUERA e AR VST § <R aehie A4S AigRiip R et ntYiddn)of
Depending e threjgectigrsoptenfdahe imdge pibert barmk thspeayptcahpatioheraeeplthaligtaldmecgng
system rotaies they RlanzRiienJiestianef light reflected at the same and hence 25 controls the
transmission during the second pass through the polarizing beam splitter. Fast switching of the
voltages or crystal rotations per pixel allows the display of dynamic image contents. The projection
optics 134 shaariigulrigirBfoshre, ¢oihedingils, teenficrolcsRitiein Al aambeye3D Pelaridpalaffect
two-dirpensigiiatiassemdetivasinejretiepsehiectne spael manpinentesuaiRpldy e thailinaging

system 120"%%%§]ﬁ %@}S%Oﬁ? gi’%}%& ?c)(?'\?r{ffﬁ ﬁsr%g.en. By using such a projection assembly, it

becomes possible to drastically reduce the installation length of the overall system with respect to
conventional single-channel projectors of the same image size. While a small installation length of the

projection di%@ayqemioje@masyswnc@ﬁm@nts fagmdnoabdammhmufnﬂememmobmh@iog lenses
of, for exa”h%?asaofr‘?‘ménfﬂ%‘?ﬁ%%’%]ﬁ@%FQ@%H@&?\ aapiR deRsAdoTS HITENS LS of the

beam splitter, multiplication of the object surfaces or lateral extensions provides a proportional
increaks® in MEHRIMTHIGitg2+h ds PEBM pshiLeto 1Mt fPe & STBIETHERHel B FJEBIBPE: £ o
installation [enegyiniexdeedingptitetti¢Rnesd dieHwddimessiinel assenlplya 8@ ohibivietticnioptismined,
and this withpompasadieaieratXeNRian reld BHeifgiosotiRngss il HRMRRT ARpRoAEMeRtasthe
projection 'Té‘@eﬁ%f‘ tlljrgtpprggsuecse%rbc}ﬁg?l"\lpae@)%%lgl%eﬁuc%ﬁgs 115 and is then guided again to the
polarizing beam splitter 142. From there it is finally reflected in a polarized manner in the
20 direction of the reflective imaging system 120, which is, for example an LCoS imaging

system (LCoS = liquid crystal on silicon).

Depending on the gray scale of the image point to be displayed, the, for example, digital
imaging system rotates the polarization direction of light reflected at the same and hence

25 controls the transmission during the second pass through the polarizing beam splitter.
Fast switching of the voltages or crystal rotations per pixel allows the display of dynamic
image contents.

The projection optics 134 shown in Fig. 3 could, for example, be microlenses implemented
30 in aregular two-dimensional assembly as projection objectives, each mapping a sub-area
125 of the imaging system 120 onto the projection surface 150 or a screen. By using such
a projection assembly, it becomes possible to drastically reduce the installation length of
the overall system with respect to conventional single-channel projectors of the same
image size. While a small installation length of the projection display or projection system
35 results from focal lengths of the projection optics or lenses of, for example, a few
millimeters, wherein their focal lengths again depend on the dimensions of the beam
splitter, multiplication of the object surfaces or lateral extensions provides a proportional
increase in image luminosity. Thus, compared to miniaturized single-channel projectors,



together or interleaving the mappings of individual channels of the assembly. In further embodiments,
the projection optics 134, as shown exemplarily in Fig. 3, have decentration 135 with respect to the
allocated sub-areas 124. 10 Generally, decentration can be seen as a central compression or
extension with respect to a central optical axis 101 or as a lateral offset of the projection optics 134
with respect to the allocated sub-areas 124 of the imaging system 120. Decentering the projection
optics with respe t to the allocated indivi duatl Hm on the.ima ste eCISIV for .15
projection da sta'rrfcé;:te ‘%ttljoentg a?a%r exggeﬁ{]gf ocue%sﬁocf%ﬁ%sssu flﬁgg (Ega[ﬁ caesr or shar%nesge\avt the
projection d%'!ﬂfﬁééeﬁﬁapién%t@ﬁl%ﬂm @“Fﬁnﬂ‘éﬂ Mﬁiﬁn@?’ﬁ?@ﬂ@@'@cﬂé@ﬁ%&é%@@h@w tiRECigatABual
projection afigemods. has already been mentioned, on the object side, focusing the projection optics
134, for example relative to the short focal length of the projection optics, can be adjusted exactly such
that the imaging plane 129 s within the 20 focal length of the projection optics 130. However, this is
not compul SO MREH SRS Bel? ENGEHRL MEOGIaa Mn RSP Elﬁ%eé%%[&tﬂﬁtmgtances
the imagingqieatien @9 aridaeish ontyniadpamg oofbedtindudd epamciirgaftibeeassaindlgcreen-side focusing
is, for example, in infinity, but the depth of focus area of the individual channels is Iarge due to the
relatively srlmf focal Ienat This cjrcumstance |s ut|I| accordln to Fi fl 5 the following
description SHW% ik % %?rﬂ}?oﬁal@l%%%ﬂ% es ﬁ%t I%g'%% I[Po t'IQe m %Yﬁg plane
129, but tiltsleranyiatiun dam e @mtlﬁ)ah@m&cwg? adedi@ingydda free-form surface. By a slightly
reduceg center pitch (pitch) of the projection optics or projection lenses to the 30 imaging structures,
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surface 150 to the overall image 160. Here, the image E)ane or prolectlon Surface can here be infinity

or at & finitRIASIRE fBSfﬁecﬁroJ%%‘?otﬁ cﬁ‘)ﬂegﬁ ﬂ%ﬂpof’ HOGHR G Sy SERRR95Sni Pt aBing
system. As sbaipoess iat [Eig. drofeetiancdistanandedehds malyimgsysitan satened tetheredB-sidea 102 on

the right or ch’iﬁh@r@%%'eQﬁH’\/ﬁﬁ@i H?Sjé‘éi%ﬁ“ 6§'Q(§ah§§%@@t§d E@&%BF@@%@%HRHS%E}%& while
the area behind } e |m%? ste isd eflneg'ﬂ he area ?(thhe Ieft of the "t%cgllg ste{n 120 or
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on the side o??heol(rzHglgrf %? t'fﬁsg away PhrSnT e HEAM sp e_LZ? ot Ividua

mappings c&8 B@mﬁ@ﬁ@ﬁi@eé&@ e dittan eieilyes o MWI@W'Q%@I@@?\ 1RRieWiHbIfRRer
macrcmopi@@tnti@a@@iejmm@t@r@;@d}@ﬁ&ﬁ:&ib@t@edorl@Wde@rciqmérism@towﬁahmﬂy Abapsciretion

distance L gf.{e a(t %R@%@?@@pm& § NG RIS ﬁ@gac‘g‘éﬂ i Erﬂig‘%ﬂ%‘w gﬂ& fieto0 to

the two- dlmen5|ona assem ar to the hich is, in

of projection
the case of]azﬁdi‘i"?)%érﬁéﬁl}éﬂ@Ifﬁ?‘aﬁ@étpﬁﬁ‘@ﬁ‘r@@@qg&%ﬁqﬁm G‘pﬁ’ff@@ﬂbﬂ%éﬂ.ﬁ*ﬂé&@rédﬂé from
the focal lergtmpld¢ha pnéjerstidnitaptcsel tthefdentar gitahobtiberpividcdiorhapticls pplargaddbacenter

pitch of the t‘l'i%%%ﬁn'?e%ﬁs’hM%BBQ]"F@F@H%%E*&%U@%PAHE& b A hGHaHe %thfa‘?{&’lﬁ%on

distance Lt(% the focal length of the p IJ]ectlon lens f. Here, the following relations apply:
25 e following descrlptlon Whe the image or projection surface 150 does not run plane-

parallel to the imaging plane 129, but tilts out of the same or varies in another way
according to a free-form surface.

By a slightly reduced center pitch (pitch) of the projection optics or projection lenses to the
30 imaging structures, an offset 135 of the respective imaging structure and the respective
projection optics increasing towards the outside from the central optical axis 101 of the
two-dimensional assembly 132 of the projection optics 134 or array center (grid center)
results. The resulting slight tilting of the optical axes 103 of external projection optics 134
or projectors with respect to the central optical axis 101 or the central channel results in a
35 superposition of individual mappings in the image plane or projection surface 150 to the
overall image 160. Here, the image plane or projection surface can here be infinity or at a
finite distance to the projection optics in front of the imaging system or behind the imaging
system. As is shown in Fig. 1, the area in front of the imaging system is defined by the



15L=f.PPL M -- PPL POBJ PPLf POBJ PPL Thus, the ratio of the center pitches of object structures
to projection optics or their difference controls the prigection distance. Here, it should be noted that in
the case of a 20 non-plane-parallel projection surface 150 the center pitch of sub-areas 124 pogj, for
example, represents the average of all corresponding points in the individual images, or an average of
the distances of the area centers of the sub-areas 124, which can, for example, be distorted, on the

one hand for co nsatin o tical dlstortlon as@ d bov with.reference tp, Fi nd on
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image 162 supérimposing in the projection surface 150 is real. Fig. 1 is also based on this example.
Fig. 4 show'A'&ibEa%y 10f S)ﬁaﬁﬁtﬂfhao‘?&ﬁﬁ? according to a further embodiment. In the embodiment
shown in Fig. 4, the multi-channel optics 134 further comprises an overall 35 lens 310 which is
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projection su
projection optics f, the center pitch of the projection optics pp. and the center pitch of the

images pog;. Magnification M of the mappings results from the ratio of the projection
distance L to the focal length of the projection lens f. Here, the following relations apply:
15
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Thus, the ratio of the center pitches of object structures to projection optics or their

difference controls the projection distance. Here, it should be noted that in the case of a
20 non-plane-parallel projection surface 150 the center pitch of sub-areas 124 pog;, for

example, represents the average of all corresponding points in the individual images, or

an average of the distances of the area centers of the sub-areas 124, which can, for

example, be distorted, on the one hand for compensating the optical distortion as

described above with reference to Fig. 1, and on the other hand for local sharpness
25  readjustment. Details will be discussed below.

If the center pitch of the projection optics is smaller than that of the imaging structures, a
real image results at a defined distance. In the case shown in Fig. 1, the center pitch pp_
of the projection optics 134 is smaller than the center pitch py; of the allocated sub-areas

30 124. Thus, in the embodiment in Fig. 1, an overall image 162 superimposing in the
projection surface 150 is real. Fig. 1 is also based on this example.

Fig. 4 shows a side view of a projection display according to a further embodiment. In the
embodiment shown in Fig. 4, the multi-channel optics 134 further comprises an overall
35 lens 310 which is downstream with respect to the two-dimensional assembly 132 of
projection optics 134 and cooperates with the two-dimensional assembly 132 of projection
optics 134. In this context, downstream means that the overall lens 310 is arranged in the



5 deviating locally from a plane-parallel arrangement is in the depth of focus area. These

circumstances are illustrated in Fig. 4 such that the faulti-channel optics 150 has an average distance

fL to the overall lens 310 where the individual mappings are superimposed to the overall image 302.

Further, the distance dpi_ of the two-dimensional assembly 132 of projection optics 134 to the imaging

system 120 can be adjusted by the 10imaging system 120 such that the same approximately

corresponds tpcane f ca le th oft m%I ectr nQ) ca 134, | 4 it ca tltat the rOJectlon
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using mvarihm@tﬁ@wefohqm sivargiagirnsaies ayproRiRdbiedosrpohdszeantabisstvear afliquid
lens. 30In pt%rt H; ?ﬁ:%}g\g@%gam overall lens 310 shown in Fig. 4 can be implemented as optics
having a variable toca S0 that a projection distance can be adjusted. It can be seen in Fig. 4
that the projection distance L, apart from a longitudinal extension of the projection optics assembly
130, is essentridy4givearbyesedocahiengrdleafdhemicsrali4dens ddfteda Bhe aptioa efiéotanihg

downstreary,caRXPRIAG X AMSDIRG Eﬁl‘%ﬁa&@& amoabsagbtém%eym'ﬂeangtﬁaq MRl asHatRRLAf the

projection array, as is exemplarily shown in F |gl shows, in particular, a side view of an
|nvenﬂ\§e pgg%a%%ealgﬁc%pﬁe(of ﬂh%@r@ﬁ%@a”ﬂ@tﬁs 34 s equal to the centér pitch pog; of the

allocated sub-areas 124.

If the structure is modified accordingly, as is exemplarily shown in Fig. 4, by adjusting the
distance dp, of the projection optics to the imaging system such that the individual images

20 are formed in infinity, the pitch of the sub-images corresponds to the pitch of the projection
optics, and if the overall lens 310 is arranged, for example, in the form of a converging
lens 312 in the optical path after the two-dimensional assembly of projection optics or the
array optics, the overall image 302 is formed in the focal plane of the lens 310. When
using a converging lens, a real image is projected onto a screen. An advantage of the

25 embodiment shown in Fig. 4 is the reduced vignetting of projection channels 103 remote
from the axis compared with the structure shown in Fig. 3 and the option of adjusting
different average projection distances by using a variable converging or diverging lens, for
example in the form of a zoom objective or a liquid lens.

30 In particular, the downstream overall lens 310 shown in Fig. 4 can be implemented as
optics having a variable focal length, so that a projection distance can be adjusted. It can
be seen in Fig. 4 that the projection distance L, apart from a longitudinal extension of the
projection optics assembly 130, is essentially given by the focal length f_ of the overall
lens 310.

35
The optical effect of a downstream converging or diverging lens can also be obtained by a
specific implementation of the projection array, as is exemplarily shown in Fig. 5. Fig. 5
shows, in particular, a side view of an inventive projection display 400. In the embodiment



15 shown in Fig. 5, the two-dimensional assembly 132 of projection optics 134 is implemented as a
projection array 410 or a two-dimensional assemblyl%herein each projection optics 414 of the
projection array 410 has a lens vertex 415 decentered with respect to the aperture of the respective
projection optics. 5 The projection optics 414 of the two-dimensional assembly 410 shown in Fig. 5
essentially correspond to the projection optics 134 of the two-dimensional assembly 132 shown in
Figs. 3 and 4,Jg An eriaroed represeniation (Circle 2 hedndiyidhallensverioxes 41 ofdhe
projection optics 41} caR be'seen more clear y. ecentration of the lens Yertexes 215 1 can, for
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510-5, wherein a condenser optics of the condenser gptics assembly 515 is allocated to each light

. 51
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can be implisneraeirgscof thatifigividuahinbgda divd duakligmasedr teths betalbin®age . 16610-5 is
respectively guided onto allocated sub-areas 124 of the imaging 35 system 120, as is illustrated in Fig.

6, by illuminatin ths 501. It is an advantage of the embodiment shown in Fig. .6 that
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two-dimenstHSRSSERBIGB16P0f higIdaxprs e de mainirameedna: 1844ead afoBptita phFBBARISen the
imaging systenoteZtbanthéhexiseam splitter 140. Here, each field lens 612 in the two-dimensional

assembly 610 is allocated to a projection optics 134 in the two-dimensional assembly 132 of projection

optics_134. By this use of the two-dimensional assembl}/ 610 of field lenses _ L
25 F%. rces. Fig. 6 shows an inventive projection

6 shows the option of using array light so

display 500 having a grid assembly 510 of light sources. Here, the grid assembly 510
shown in Fig. 6 essentially corresponds to the light source 110 in Figs. 3 to 5. Further, Fig.

6 shows a condenser optics assembly 515. The condenser optics assembly 515 of Fig. 6
essentially corresponds to the condenser optics 115 in Figs. 3 to 5. As is shown in Fig. 6,

30 the grid assembly 510 comprises a plurality of light sources 510-1, 510-2, ..., 510-5,
wherein a condenser optics of the condenser optics assembly 515 is allocated to each

light source. Particularly, the grid assembly 510 of light sources and the condenser optics
assembly 515 can be implemented such that light from the individual light sources 510-1,
510-2, ..., 510-5 is respectively guided onto allocated sub-areas 124 of the imaging

35 system 120, as is illustrated in Fig. 6, by illuminating paths 501. It is an advantage of the
embodiment shown in Fig. 6 that by superimposing many individual images, as is also the

case in the assembly described above, normally no specific measures for homogenization

of the illumination need to be taken. A further advantage of the use of array light sources,



10612, Kohler illumination of each projection optics 134 in the two-dimensional assembly 132 can be
obtained. Particularly, in the projection display 600, &focal length fa of the field lenses 612 can lie
between 1.5 times and 2.5 times of a focal length fp, of the projection optics 134. 15 In other words,
the use of the two-dimensional assembly of field lenses or a field lens array between the beam splitter
and the imaging system shown in Fig. 7 allows Kohler illumination of the projection optics, whereby the

image lminggiiy,can e Jncieased wuih simltancatily mproy e stray ighisuppisssian. 2 I further
embodiments, stray lig SF?EB ression’can be further mproved by using absorbing apertures (not
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splitter 740 én 2hx emtical paifaaehnsiesahe sefutiddigpicourse ithanddhdraensibdseiséemely
sub-areas o_lfﬁ‘%ewggi System 120. 17 As is shown in Fig. 8, a first lateral area 750 of the imaging

system 120'is illuminated essentially by the first light source 710 and an allocated first condenser
optics 715, while a second lateral area 760 of the imaging system 120 is illuminated essentially by the
second lighPagisderk2thahd projeliocateidser @00, consteh sarguipticsol 2% Fekeletire§igt 2a0dn Sissecond
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correspond to the light source 110 or the condenser optics 115 of the above-described embodiments.
Contréﬁ/ to the use of a single beam splitter, the two-sided illumination with two light sources 710, 720
and two polarigthgr beendsspheterse7d0iHe40vehbimansidrigl 8sskovely apfpiieldneatety loalairdiglthéensstallation

length of thgpipigetReethe beam splitter and the imaging system shown in Fig. 7 allows Kohler

illumination of the projection optics, whereby the image luminosity can be increased with
simultaneously improved stray light suppression.

20
In further embodiments, stray light suppression can be further improved by using
absorbing apertures (not shown in Fig. 7) in the plane of the field lens arrays covering the
areas between the lenses. Generally, the use of such an aperture array between imaging
system and polarizing beam splitter is useful even without a field lens array for stray light

25  suppression.

In further embodiments of the present invention, illumination can also take place from
several sides by respective, for example collimated, light sources. Fig. 8 shows a side
view of a projection display 700 having two beam splitters 730, 740 and opposing light

30 sources 710, 720 for two-sided illumination of a reflective imaging system. In Fig. 8, the
projection display 700 in particular has first and second light sources 710, 720 and first
and second beam splitters 730, 740 arranged between the imaging system 120 and the
two-dimensional assembly 132 of projection optics. Here, the first beam splitter 730 is
arranged in the optical path between the first light source 710 and a set 750 of sub-areas

35 of the imaging system 120, and the second beam splitter 740 in the optical path between
the second light source 720 and the second set 760 of sub-areas of the imaging system
120.



In further embodiments of the invention, the projection optics can also differ in that they are corrected
more for distortion for the respective color spectrumiy which the sub-area mapped by the respective
projection optics can be illuminated than for one of the other color spectra of the different color
spectra. In further embodiments of the invention, in the two-dimensional assembly 132 of projection
optics, the projection optics 134 can be corrected for defocusing and/or astigmatism and/or coma
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emitted by t&ﬁo'l'%Eﬁﬂﬂrﬁﬂéglﬁé‘eﬁ%éﬂﬁg%@&}égoo when passing the half-wave plate 830. Here, the

first beam splitter 810 and the second beam splitter 820 are implement to 5 reflect light from a
directibh of the light source 110 in the direction of the imaging system 120 by the polarization direction
(e.g. s) rotatedfivyh@d. émbeximasiteryatluhenatiyigath withhthawespiettivaopaladsatioblgohBZormént is
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size of the sub-areas 124 continuously changes with increasing distance to the optical
axis 101 of the imaging system 120 and the projection optics assembly 130, so that the
individual images in the projection surface have the same size.

25
By such a continuous change in the size of the sub-areas, with increasing distance to the
central optical axis 101 or the central channel, an increasing object distance and hence a
lower magnification of outer projection optics 103 with respect to the central channel in the
case of decentration, as is exemplarily shown in Fig. 1, can be compensated during

30 projection of the individual images onto the projection surface 150.

Fig. 9 shows a side view of a projection display 800 having two beam splitters 810, 820
and a half-wave plate 830 lying between them in the illuminating path. Apart from a first
beam splitter 810, the projection display of Fig. 9 particularly comprises a second beam
35  splitter 820 which is arranged, on the one hand, in the optical path between reflective
imaging system 120 and two-dimensional assembly 132 of projection optics, and, on the
other hand, in the optical path between light source 110 and reflective imaging system
120, and a half-wave plate 830 arranged between the first beam splitter 810 and the



The complete utilization of an unpolarized light source by the described assembly having two
polarizing beam splitters or polarization dividers andl8 half-wave plate (212 plate) can 20be
supplemented by the above-described two-sided illumination allowing further halving of the installation
length. With reference to the above embodiments, a projection of outer edges of the first 730, 810 and
the second beam splitter 740, 820 on the reflective imaging system 120 can be 25 formed such that
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905 in the embodiment in Fig. 10 essentially corresponds to the IE% ht'source 110 of the previous
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high frame rate. Further, the light source 905 can be implemented to pass sequentially different color
omponentg (e.g. red, green, blue) per frame. Via the color-sequential mode of operation of the
imaging system 950 and the individual light sources 910, 920, 5930, full-color projection can be

realized Whﬁf@tﬁéh@?‘?@l@,g@ wt@ntﬁzﬁgrmmtm@tétw&@ttal uRagineRyHeI deodamicag for all
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can be used. Here, the half-wave plate rotates the polarization component (p) transmitted
unused by the first beam splitter by 90°, so that the same is reflected in the following

15 beam splitter onto the allocated half of the imaging system with the correct polarization
direction (s).

The complete utilization of an unpolarized light source by the described assembly having
two polarizing beam splitters or polarization dividers and a half-wave plate (A/2 plate) can

20  be supplemented by the above-described two-sided illumination allowing further halving of
the installation length.

With reference to the above embodiments, a projection of outer edges of the first 730, 810
and the second beam splitter 740, 820 on the reflective imaging system 120 can be

25 formed such that the same does not pass through the sub-areas 124 of the imaging
system 120. Thereby, it can be avoided that the outer edges, when projected, have a
spurious effect in the overall image.

In further embodiments, the projection of a full-color RGB image, as is illustrated
30 exemplarily in Fig. 10, can be realized by an RGB light source 905. This is possible, for

example, by three LEDs 910, 920, 930 with allocated collimation optics 915, 925, 935 and

a color combiner 940. Here, the RGB light source 905 in the embodiment in Fig. 10

essentially corresponds to the light source 110 of the previous embodiments. In particular,

in the embodiment shown in Fig. 10, the RGB light source 905 and the imaging system
35 950 operate in a synchronized, color-sequential manner to obtain full-color projection.

In Fig. 10, the reflective imaging system 950 essentially corresponding to the imaging
system 120 of the above embodiments can be implemented to represent identical



color spectrum. Further, in other embodiments, the light source 110 can be arranged such that
different sub-areas of the imaging system 120 are illLéninated by different color components. With 15
reference to Fig. 8, for example the first light source 710 can emit light with a first color component,
which is reflected by the first beam splitter 730 to the first sub-area 750 of the imaging system 120
after passing through the condenser optics 715, while the second light source 720 can emit light with a

second color nent A flected b e d heam splltt o the secon b -area
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the imaging system 1030 essentially corresponding to the imaging system 120 of the previous
embod erﬁéﬁ f%ﬂ@ﬂeﬂ@ﬁ%@ﬂu%%?ﬁd&ﬁlﬁgdldﬂﬂ?"w@'@aﬂéﬁ@%%d%msﬁé@ach

representindigitgtayaiagesyszmolsidmmipo fierlbpaeirmayeheontdnt. Here, a respective color filter
1022-1, 1022 2 1022-3 of the filter assembly 1020 can be allocated to each 30 group 1032-1, 1032-2,
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option bor gm&a&amdﬁ%imag@asmﬂlgaﬂrmﬁag Witheaimdniedieyiteniioe t6/pargd insesting RGB
color filters g.q%) f].[ 2 1022-3 into the mapping light path, a basic color image is generated in
each ofan ero projection channels. Normally, one projection channel corresponds to the
mapping of a 20 sub-area of the imaging system by an allocated projection optics onto the projection
surface. Alleoatieg iheothspenttvaiinasicscaher lighage nestents dcarthe raspegtisespehjacitodifidrannels

results in RQJ% 8F81fs°8f’ﬂ1ef°tﬂ1Q&HB@?&SWEEG@%W%%&Q&%@SH‘Perr%H?Edﬁ)m%ﬁ%ﬂ@r@é Wi
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light source 720 can emit light with a second color component, which is reflected by the
second beam splitter 740 to the second sub-area 760 of the imaging system 120 after
20 passing through the condenser optics 725. Thus, different sub-areas 750, 760 of the
imaging system 120 can be illuminated with the first and second color component which
can differ from one another.

Fig. 11 shows a side view of a projection display 1000 with a color filter assembly 1020 for

25 generating a color mix in the projection surface 150. In Fig. 11, the imaging system 1030
essentially corresponding to the imaging system 120 of the previous embodiments is
implemented to display groups 1032-1, 1032-2, 1032-3 of individual images each
representing a gray scale of a color component of an image content. Here, a respective
color filter 1022-1, 1022-2, 1022-3 of the filter assembly 1020 can be allocated to each

30 group 1032-1, 1032-2, 1032-3 of individual images. In this way, the groups 1032-1, 1032-
2, 1032-3 of individual images can be filtered according to the respective color
component, so that a color mix is presented in the overall image 160 superimposed in the
projection surface 150.

35 In other words, Fig. 11 presents another option for generating RGB images. By
illuminating with a white light source 1010 and inserting RGB color filters 1022-1, 1022-2,
1022-3 into the mapping light path, a basic color image is generated in each of a number
of projection channels. Normally, one projection channel corresponds to the mapping of a



With reference to Fig. 8, the light source 110 in the projection system 700 is, for example,
implemented in the form of light sources 710, 720 t@bluminate the different groups 750, 760 of
sub-areas of the imaging system 120 with a different color spectrum via the beam splitters 730, 740.
Here, within the two-dimensional assembly of projection optics, 15projection optics 755, 765 which
map sub-areas 750, 760 illuminated with different color spectra (e.g. red, blue) by the light sources

710, 720 dlﬁer from one another. Furth r])furtherl%catzoglments the ima 'n% yﬁgem 120 can be
|
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from the above-stated direct 25 color illumination of the sub-areas can also be realized by the color
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overall image with different color spectra. In further embodiments, the same focal length can be
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Here, the diffatent focg) '%h%?yem RITRRE RS- Qlﬁ%rﬁsr‘érﬁﬁﬁ%@&%ﬂﬁ%f ?FH fdQidhe ‘fﬁ'tf(?srem color

channels in the projection surface, The respective magnification ort e respective mapping dimension

can, howevRRIBEIGHARLCE Ag2in 16 SIS MR ALAERE Sndaf 8 HTRated Hihe it Reeblor
channels, sstcts Bysofidvdnied).by twerightercooresolHY) 2Q dHtetHeminmtemodrabodiments, the beam
splitter might not be implemented in the shape of a cube but as a plate, so that a difference between

the different.o &cal th lengt eto smaller dIS ersion is ligible. 15Thus urther
embodlmenlis% ?Heﬁlﬁvreﬂﬁ r% §y artﬁ]ae[r)1 zsi’tltgr? OP e ﬂ)c%ﬁ’tieen Jt?@ %Qh 3 |mplemeh eJ Such that a
size of sub-areas 750 that can be illuminated with a first color spectrum of the different

20  color spectra (e.g. red) differs from a size of sub-areas 760 that can be illuminated with a
second color spectrum (e.g. blue) different to the first one. Thereby, a size of the

individual images in the projection surface can be synchronized.

Here, it should be noted that the display of the color apart from the above-stated direct

25  color illumination of the sub-areas can also be realized by the color filter assembly
exemplarily shown in Fig. 11, so that different groups of sub-areas contribute to the overall
image with different color spectra.

In further embodiments, the same focal length can be selected for all projection optics
30 within the two-dimensional assembly of projection optics for all different color channels,

i.e. for optical channels allocated to different color spectra, so that the same magnification

results for all different color channels. If, further, different geometric distances of the

projection optics to the imaging system are adjusted, different optical path lengths due to

a dispersion of the beam splitter (e.g. the first or second beam splitters 730, 740) can be
35 compensated for the different color channels.

However, in further embodiments, it might be undesirable to arrange the projection optics
within the two-dimensional assembly of projection optics at different installation heights.



projection optics of the basic color array per color group, correction of the longitudinal color aberrations
of the mapping can be performed. Further, by adaptation of the sub-image sizes of the basic color
sub-images per color group, correction of the lateral color aberration of the mapping can be performed.
A further advantage of the present invention 20 is hence the possibility of aberration correction in the
form of correction of color aberrations, such as longitudinal color aberrations, of the projection optics
per channelrh dn‘f{arent BB\I/%% dlmen3|9ns for the gqaésm colors exist cor{eiﬁtlon of the res Itlng
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from different Su -areas are superimposed in a pixel-precise ma
different mapping dimensions for the basic colors exist, correction of the resulting lateral

color aberration in the overall image is, for example, also possible by different image sizes
of the basic color sub-images.

25
In further embodiments, by pre-distorting the sub-images, correction of the distortion can
be performed. Further, in other embodiments, correction of defocusing of projection
channels remote from the axis can be performed by a focal length of the projection optics
adapted per channel.

30
In further embodiments, a projection display can also be characterized in that a correction
of the different mapping dimensions of central channels or channels remote from the axis
resulting from a focal length adaptation is performed by a size and pre-distortion of sub-
images remote from the axis amended per channel. Further, in other embodiments,

35  correction of astigmatism and coma can be performed with different sagittal and tangential
focal lengths of projection optics remote from the axis adapted per channel.



25Further, the imaging system 120 or the imaging system array can be implemented to display
different individual images. Their mapping by the all@2ated projection optics results in the overall
image or projection image. Fig. 12 shows a projection display 1100, where mappings of individual
images are 30 superimposed in the projection surface 150 to an overall image 1130 having a higher
resolution or displayed number of pixels. In particular, in the embodiment shown in Fig. 12, the
reflected m@gﬂr}g{ Hyste gpllgn%gtcﬂo%h% ro e[%hogf%)tlgg %SSGEQ%'MQ” 1% r%asB ?e im rI%e el?éﬁd such that
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25 and-whieoBsiesdgdBaakeyvedesalitpagereashthe imaging system has a high fill factor, the
superpgsition with sub-pixel offset in the overall image 21 will result in a combination of an increased
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25  Further, the imaging system 120 or the imaging system array can be implemented to
display different individual images. Their mapping by the allocated projection optics results

in the overall image or projection image.

Fig. 12 shows a projection display 1100, where mappings of individual images are

30 superimposed in the projection surface 150 to an overall image 1130 having a higher
resolution or displayed number of pixels. In particular, in the embodiment shown in Fig.
12, the reflected imaging system 1110 and the projection optics assembly 1120 can be
implemented such that the mappings of the individual images are superimposed in the
projection surface 150 with a sub-pixel offset. Here, the projection optics 1122 has, in the

35 two-dimensional assembly 1120, decentration with respect to the allocated sub-areas 124
shown exemplarily in Fig. 12. This results, as is exemplarily shown in Fig. 12, in an overall
image 1130 superimposed in the projection surface 150 which has a higher resolution or
displayed number of pixels than the individual images.



stages without an image offset is also possible. Fig. 15 shows a schematic illustration for 35
illustrating a further inventive superposition 1400 of Bthary black-and-while sub-images to an overall
image 23. Fig. 14 exemplarily shows purely binary black-and-white sub-images 22a, 22b, whose
superposition to the overall image 23 already provides three gray scales. A further increase in the
different binary images increases the number of displayable gray 24 scales even further. This
approach for increasing the number of gray scales can also be used for not purely binary but generally
for sub-images having less gray scales. The combination of this approach with the above described
procedure fOP#isPRYifd feAleoRPiREHRstBR dt5RliPigiTisNeNisSHR-imaeassalipsolyriarpiaalzatians, with
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310, 312, dWﬁEtI’%EWthyr%fé‘&%‘{HYétMSSﬂﬁﬁEWs’i%éPQégﬁ%ﬁy 132 of projection optics and
cooperating with the two-dimensional assembly 130 of projection optics 134, which is implemented to
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pixels. These circumstances are illustrated in Fig. 14 based on the example of a strip
structure. The purely binary black-and-white sub-images 20a, 20b are superimposed to an
30 overallimage 21 having an increased number of gray scales and an increased displayable
number of pixels.

Apart from increasing the number of pixels, increasing the number of displayed gray
stages without an image offset is also possible. Fig. 15 shows a schematic illustration for
35 illustrating a further inventive superposition 1400 of binary black-and-while sub-images to
an overall image 23. Fig. 14 exemplarily shows purely binary black-and-white sub-images
22a, 22b, whose superposition to the overall image 23 already provides three gray scales.
A further increase in the different binary images increases the number of displayable gray



With respect to the field lens 115, it should be noted that the same can be implemented in the form of
a Fresnel lens to reduce the installation height. The 2dentioned light source and a possible collimation
optics can be implemented in a multi-channel manner to reduce 10the structural length, and thus a
illumination with R, G or B per channel can be performed in order to generate an RGB image on the
screen. After these explanations with respect to details of the apparatus structure according to some
embodiments, gefetence wilAaain b specififally made below (0 ihe meastres, 48 talken apgarding to
embodiments§ if oraer to combensa?g%ewa ions of the pgqection surface from a pﬁane-paral el
orientation ¥58SefhaAGh§PBRINETRY, PLEhgeRHIRINNT tRERdeALeMRB KL {08! BaYc SRR rd@¢n more
detail than icothiiskareriptittisadigreadts ids ihecaroecctizaciitord frecaowe fde sisiivng td-color
_multi-chanqﬁ{ Qé’%mom{%imgwg%ﬁlilﬁgyg,awim@@&so%fpmylti-chgnnel optics 130, to obtai_n an
increased depth of focus of the individual channels. Thus, it is basically no problem for the individual
channéls when the projection surface 150 has a laterally variable distance to the projection display.
Rather, it isTohbwsiouvsHreferdreabo Fgdesdriphonetipatj ot asdspiblyw@ithe suplaneaeli2d aidtigemaging
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distance is 8}%@6%1 e 8achneint XVHS%H@H é@i@gbéﬂ&ﬁﬁj{gt@p‘ﬂfe@n individual image, which takes
place, according to the above embodiments, such that the same coincides with the projection distance
to thaiLBoint in the projection surface 150 to which the respective point is mapped by the multi-channel
optics 130. N\Z6VRight bossteimpkiails Sbroapp ar grsjevidementat ptasfahitetbpomptisiNab pibig.td the
Lsrating here o o e it Tl T2 here,
illustrating here exemplarily the optical axis of the projection display, onto the imaging.plane 12; here,
it can be sell Gt SRBRAAY g g of B e s BB S A BB oL and
columns. AsesnastioifedheRe Ai8sEesbi§ 15 o eReYigdislly . Agsarberoranrlied, &h the miPeindeRerab the
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plane or in the channels allpcated to this cross-section plane. e left projection mapping, i.e. the top
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in the channels of the multi-channel optics 134, wherein the filter could not only lie behind

ers

the imaging system 120 in the optical path seen from the light source 110, but also in front
of the same. The considerations with respect to the mapping corrections of the individual
projection optics, such as for taking the respective axis distance of the respective mapping
30 channel to the optical main axis of the projection display into account, apply accordingly to
the implementations according to Figs. 2a-2c, wherein, however, consideration of the
dispersion by the beam splitter 140 can be omitted in the embodiments according to Figs.
2a-2c. The above considerations also apply with respect to the basic option of adding an
overall lens in addition to the multi-channel optics. Thus, the multi-channel optics 130 can
35 comprise an overall lens, similar to 310, 312, downstream with respect to the two-
dimensional assembly 132 of projection optics and cooperating with the two-dimensional
assembly 130 of projection optics 134, which is implemented to refocus collimated beams
315 from the projection optics 134 in a focal plane of the overall lens 310, 312, wherein



15 other channels. Here, the projection display of Fig. 16 exemplarily consists of 11 x 11 project
channels arranged in a square manner, but neither &t type of the assembly nor the number of
channels is in any way limiting. Thus, according to the example of Fig. 16, the image to be projected
consists, exemplarily 20 of a cross 2 and a circle 1, corresponding to image points having a different
position in the sub-areas of the imaging plane 129 In the exemplary case of Fig. 16, these are

11x11,121 Gorresnor d|n oln oint ﬁ?rcfr%e%“ggn? (HN?r %e%['%%%?tthe{h f% Enqa %%%ltl @?
e ane 0

defined, for exe{)mﬂ? '8” € mutual distances of the par Ing pom each other.
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In the shown example, due to the orientation of the projection surface 150: 1_1<1-2 and p1>p2
applies Stafﬂﬁ"@'ﬂ%l‘?}’ﬂji'@ dRylUEatBroyeldseshaving 11 x 11 individual images each are generated

for these two exemplary image points, whose object contents vary 35 due to the pitch distance
difference agigsrtpRrdioiid famels 15 ﬂ%HB@G%E'HB@b%HY@%esﬁH% RERPLRUARREMENR in

corresponds to a deformation of the individual i the 124 define r channel
corroapondl 8 i e B E S AR G e BB GE SSHGErations
of points in &é plagssipdcetimatieareptisatcgebe Eﬁdﬂﬂl%ﬁéf@l@ﬁdﬁ%@ﬂwmw Kuedveryes,
each soperinesactiralthadmiinghpnoalinpitativ s (EBPRCEVEr®RENeRPARIIchiobe R ifteneyerall
Image, d'ffelhfg%grqgegenerate an RGB image on the screen.

After these explanations with respect to details of the apparatus structure according to
some embodiments, reference will again be specifically made below to the measures
15 taken according to embodiments in order to compensate deviations of the projection
surface from a plane-parallel orientation to the imaging plane 129. In the following, these
circumstances will be considered in more detail than in the description above.

As has become clear from the above description, the multi-channel projection principle
20 allows, by means of multi-channel optics 130, to obtain an increased depth of focus of the
individual channels. Thus, it is basically no problem for the individual channels when the
projection surface 150 has a laterally variable distance to the projection display. Rather, it
is obvious from the above description that the assembly of the sub-areas 124 of the
imaging system 120 takes over the adjustment of the depth of focus. Generally, there is a
25 dependence of the projection distance on the difference of the center pitches of the
projection optics of the multi-channel optics 130 and the corresponding sub-areas 124 in
the imaging plane 129. As has been described above, the depth of focus adaptation to the
lateral variation of the depth of the projection surface 150 is realized in that the object
structures or individual images within the sub-areas 124 differ from one another by
30 defined deformation in dependence on their position to the center of the distribution of
sub-areas 124, i.e. in dependence on their distance to the interface of the optical axis of
the projection display 100 with the imaging plane 129. By its distance to the corresponding
point in the individual images of the adjacent projection channels (pitch distance), an
exactly determined projection distance is allocated to each point within an object structure
35 or an individual image, which takes place, according to the above embodiments, such that
the same coincides with the projection distance to that point in the projection surface 150
to which the respective point is mapped by the multi-channel optics 130.



5 another regarding their distances between the constellation points depending on what distance the
respective common point 1 or 2 in the overall image2éas to the multi-channel optics 130. With a
continuously changing or constant projection surface, this means a continuous local distortion, i.e.
extension and/or compression, of the individual images 124 depending on where the corresponding
projection point is in the projection plane 150, 10 with an intensity that increases with increasing
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like. In a f'r?ﬁ@&BBQﬁMQ@%&@%‘bJ&ﬁgzﬁoints in the imaging plane 129 are also illustrated for the

15 other channels. Here, the projection display of Fig. 16 exemplarily consists of 11 x 11

project channels arranged in a square manner, but neither the type of the assembly nor
the number of channels is in any way limiting.

Thus, according to the example of Fig. 16, the image to be projected consists, exemplarily
20 of across 2 and a circle 1, corresponding to image points having a different position in the
sub-areas of the imaging plane 129. In the exemplary case of Fig. 16, these are
11x11=121 corresponding points per projection point 1 or 2. Together, they form a
constellation defined, for example, by the mutual distances of the participating points in
the plane 129 to each other.
25
Starting from the tilt angle a of the projection surface 150, due to the opening angle of the
projection optics, a minimum or maximum projection distance (Li, L,) results, which can
be calculated into two corresponding pitch distances (p1, p,) of these object points by

F[ppL+p
pL
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30 Py

In the shown example, due to the orientation of the projection surface 150: L;<L, and
p:>p. applies. Starting from the array center 3, arrays having 11 x 11 individual images
each are generated for these two exemplary image points, whose object contents vary
35 due to the pitch distance difference across the 11 x 11 channels. In an image filling the
whole sub-area surface, this corresponds to a deformation of the individual images in the
sub-areas 124 defined per channel corresponding to an above imaging specification.



example, the pixel data 1200 are used to form output-individual images 1206 for the different channels
of the multi-channel optics 130. The channel partitioding 1204 can, as is described above with respect
to Figs. 13, 14 and 15, provide partitioning of the information in the pixel array data 1200 according to
color channels, so that, for example, 5 the output-individual images 1206 each correspond to only one
color channel of the pixel array data 1200, and/or the channel partitioning 1204 comprises spatial
sub-sampling of the pixel array data 1200, etc. The output-individual images 1206 then represent the
starting point for the following processing steps. In particular, in a step 1208 the output-individual
images of th@NEARGINe RN SR IeaFRag Rl atienaRipAL sl EhB e e1 P/ daisdnaarsreahdividual
images 1206eve shatitedrand siane dipthednmagiegudanada’ sach shpteitingpsbadpopriiection-of the
image 120%5%%%? 6@?& WQ'%‘%’HQ& U%r%blﬂ%% &?H?CP%P surface daQdav g yirshanmel qptics

130. As is shown in 8 can be virtu ge)gr actually divided into three sub-steps. 15In a

first suB- ste?:f'?@@éa{eﬂ?édén&phhlefhd*\ﬂ@ﬂﬁffﬁw%wgﬁﬁ a?Qn?é‘?l@Qﬁ'uﬁ@ng‘t fArRRSAdRE |ﬂ'i‘a%‘@ plane
129, arrangaidtavitie tbspespeste@ctpotmenfpoiekampionihe loyerath sizgeyrsisifiinth e vukitidchntiney are
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with the dlfference be aarprf{i e center |tch of the |nd |dual images 120 t the m‘?f? Hlane 129 on
WEhret 1o

the one harf? AN AHE "I Wsta c%xbef’}ﬂ@}n%n JOh&RMAERtIRE 1%0 AfaIso
described abteerenting adapkelio the catreskoadie d Rofetion distainisdn theprpiegiamariarel kidhe
average singig im%m@edet@rﬂﬁetlim%@wéed\ﬂﬁneaeaw@mtbe&eeafoﬁaf&ﬁlesm@rfb%@&ﬁ , the dpdiéddual
images 12 0 rimpo ately or r

plane- paral%\%ré% altE h é%/reek?agre %%’spe%?}o%sﬁggczﬁé}{% ?%é allfng%:%gu aggg(@g%?cr%
example, bﬁ'ﬂ?@’ﬁ%\l@?n'@n‘t”@n@kﬂ‘ﬁﬁmn@‘ é'ﬁﬁ)%eﬁﬁhlé ﬁ%ﬁlth%ﬁ%?fh@@p‘ﬂ’@s'@%ﬁtﬁ@r&%éﬁt
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example, the same for aﬁtfndlwdua | 30 images 1206. This processing could of course also be
perforied pHEFAYE&S 150%Sind even prior to step 1204. In the case of Fig. 16, for example, the
pre-distortion 1208 corrects the trapezoid distortion of the individual images due to tilting with respect

to the p|anQTPﬁfﬁ§”\%9”ﬁfétﬁ"ﬁ'ﬁ@e|beﬂg Hr%;é&@@ﬁ%‘rﬁjﬁéom QB'W%FB@J guﬁgee%k%%wsm@p@nagmg
plane 129 is hlpstrated inan exar%%era e manner enera pre- dlf?té)r ion 35 1208h ﬂoats with

correcting the Gt (t)aHrs"ngsuVun o TR that't ea?r[r?aglﬁa %cgfg% RITTHEGIVIEDR Images
1206 are mBpyied o asegiiofe@serosIaEe IS Wih@nﬁ@ﬁb?%ﬁ&%éﬁb@&@p@nﬂﬁ%ﬁ'%dﬁ@ance

that the respieetivetyresnsideseghtamadieion breprdR gropeatiggeswiiace 150 has to the projection display
and accordingly varies across the overall image. After the pre-distortion 1208b, the individual images

1206 in the sub-areas 124 of the 5 imaging plane 129 are then individually distorted per channel in a
step 1208c@Fhis st¥BIE8! PEPIBTHAE 2RL|RR0BI HIARe BREBEN SHIERSES to the projection surface 150
deviating from the plane-parallel orientation. If one were to take a look at the result of projecting the

individual meges 139% ﬁ@%smﬁfﬁaw&@e&e?@ﬁ@uiﬁeé%vsra" image, i.e. the projected image

according to'data 1200, would appear undistorted in the projection surface 150, but 10 would only be
sharp,z?or example, at the average projection distance. After channel-bychannel distortion 1208c, the
individual imhges 120%'ahgies be@rfréstorméineinigdudtygdor each channel such that they realize the
constellation changes of points corresponding to each other in the sub- -areas 124 discussed according

to Fig. 16 dye to the dn‘fere t depths e optical axis of the tlon in,the projection
surface 15(;i r‘\'ﬁ‘us Ehegei gotgl?l%en%%{ he p#%}%t&iﬁo'r?i‘l'a?fé‘éé’ 'T%C ?{l \ﬂatlo Rq%}m énge? parallel
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parangeter ipripeiplstens bRORD asiginodalirithplipee-eisterticnda@h in the same way for all channels
and in step 1208c individually for each channel.
In the following, based on Fig. 17, the above-mentioned preprocessing in the imaging
system 120 according to an embodiment will be described, wherein the imaging system
120 is a digital imaging system. The starting point of the preprocessing is the incoming
35 image to be displayed in the form of pixel array data 1200. The pixel array data 1200
represent the image to be displayed, for example as a regular array of pixels 1202 or
sample values in columns and rows. The sample values 1202 can be color values,
grayscale values, black-and-white values or the like. In a first processing step 1204, for



20In addition to that, the distortion 1208c individual for each channel can also implement the
distortions per channel also mentioned above that a?28 intended to correct the other deviations existing
among the different channels, such as those deviations resulting from the already mentioned different
peripheral distances of the channels, i.e. the different distances of the sub-areas 124 to the optical axis
of the projection display, from possible 25 individual projection optics errors, and possible deviations
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be 5 greater for channelS're rom the axis tha for channels close to t & axis. In other words, the
imaging syStENsaon s4Hass ka0l Birderif-shrANg\oRY aha B rAitoaiRMIRd telilufifRales the
sum of the kaminesityuafiye poimsyoditidedonst ehliasonsbistéps.imaging plane 129 are varied across the
overall image depending on the distance of the respective common point in the overall image to the
multi-channel oEtlcs 130 to which the points of 10 the respective constellations are superimposed by
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above embodiments could used to realize a mctlon onto different projection surfaces 150

Genefly, EXBMHE: R4 Hhe B Y& RERIQLRRE B8 je¢tibh @&Hﬁc’@%’@ e RREGTI N BirtiRe 150
could also chifepeiidalicentginuityiedadivideal channels are ignored.

In a following step 1208b, the individual images 1206 are subjected to pre-distortion in the
sub-areas 124 in the imaging plane 129, which is, for example, the same for all individual
30 images 1206. This processing could of course also be performed prior to step 1208 and
even prior to step 1204. In the case of Fig. 16, for example, the pre-distortion 1208
corrects the trapezoid distortion of the individual images due to tilting with respect to the
plane-parallel orientation. In Fig. 17, the pre-distortion of individual images 1206 in the
imaging plane 129 is illustrated in an exaggerated manner. Generally, the pre-distortion
35  1208b deals with correcting the distortions resulting from the fact that the imaging scale by
which the individual images 1206 are mapped to the projection surface 150 by the multi-
channel optics depends on the distance that the respectively considered location in the



30 Further, it should be noted that the projection display could be implemented such that the projection
surface 150 is adjustable, such as by user input or @&omatically, such that the projection surface 150
onto which the projection display maps the image to be projected 1200 in a sharp manner,
approximates the actual form of a screen or a wall towards which 35the projection display is oriented
to project the image thereon. 31 step 1208a. The distance could also be detected by the projection
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the above-menfioned user adjustment options, for example the keypad of an apﬁaratus could be used,
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all channels and in step 1208c individually for each channel.

20 In addition to that, the distortion 1208c individual for each channel can also implement the
distortions per channel also mentioned above that are intended to correct the other
deviations existing among the different channels, such as those deviations resulting from
the already mentioned different peripheral distances of the channels, i.e. the different
distances of the sub-areas 124 to the optical axis of the projection display, from possible

25 individual projection optics errors, and possible deviations due to the different allocation of
the sub-areas to different color channels of the projection display, such as red, green and
blue, and the associated refraction intensities of the otherwise possibly identical projection
optics of the individual channels of the multi-channel optics 130.

30  With respect to step 1208a, it should be noted that the same possibly considers and
addresses the circumstance that the luminosity of the overall image might vary visibly due
to the locally varying imaging scale across the projection surface. Thus, the imaging
system could be implemented such that, by changing transmissions of corresponding
image points within a constellation or by controlling their number, an adaptation of the

35 illuminance within the superimposed image takes place. In other words, the number of
contributing image points or contributing channels per constellation could be varied, for
example such that this number is lower for projection points in closer regions of the
projection surface than for those further away. Preferably, contributions from channels



a) changing the sub-images such that a change of an average projection distance of the 35projection
surface to the multi-channel optics with a respective3®@anslatory shift in the position of the projection
surface results, 32 b) changing the sub-images such that a change of tilting of the projection surface
with respect to the imaging plane results, c) changing the sub-images such that a change of tilting of
the projection surface with 5 respect to the imaging plane results, by simultaneously adapting a
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correction for compensating the distortion of the overall image in the projection surface due to local
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can be ens
respective point to the respective constellation. The luminosity variation of the points

and/or the variation of the number of sub-images 124 contributing a respective point to the
respective constellation can be such that points of sub-images 124 of channels remote
15 from the axis contribute less to the overall image 160.

It should be noted that the process according to Fig. 17 could also be seen as a process
as to how, from a predetermined image, a mask could be generated for the imaging
system for generating the individual images in the sub-areas 124. This applies also for the

20 above-mentioned consideration of luminosity leveling. Adaptation of the object image
point size per channel across the individual sub-images, in particular in the case of
applying the process according to Fig. 17 to mask generation, could be performed in step
1208c in order to counteract the superposition of differently extended image points
resulting from possible extensions of the sub-images and hence to avoid blurring.

25
As has become clear from the above description, the above embodiments could be used
to realize a projection onto different projection surfaces 150. Generally, each free-form
surface can serve as a projection surface 150. The projection surface 150 could also
comprise discontinuity locations.

30

Further, it should be noted that the projection display could be implemented such that the

projection surface 150 is adjustable, such as by user input or automatically, such that the

projection surface 150 onto which the projection display maps the image to be projected

1200 in a sharp manner, approximates the actual form of a screen or a wall towards which
35 the projection display is oriented to project the image thereon.

One adjustment option relates, for example, to the average distance L of the projection
surface 150 to the projection display, wherein the average projection distance L influences



Hereby, the above embodiments are characterized by small installation space, high depth 30 of focus
and high luminosity. In particular, no tilted optics is r#cessitated in the embodiments. Homogenization
of the light source such that the light distribution is equally distributed starting from the source to the
screen or in the image in the projection, thus preventing vignetting of the image without additional
optical components, is possible. Homogenization can here also mean mixing the input distribution of
the light souree, the an ce variabl Iumlno It a olor values. Additionally,
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the above embodiments, the different projection distances have been encoded into the individual
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however, it should be noted that, apart from the deviations, all variation options described above with

respect to the above embodiments also g)%g for the following ones. Thus ccording to the alternative
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implementezbtygiereitesed user adjustment options, for example the keypad of an apparatus could

be used, into which the projection display is installed, such as the keyboard of a mobile
phone or a laptop or the like.

30 The imaging system (120) could thus be implemented to allow one or several of the
following user adjustment options or automatic adjustment options independent of each
other:

a) changing the sub-images such that a change of an average projection distance of the
35 projection surface to the multi-channel optics with a respective translatory shift in the
position of the projection surface results,



5 individual images in a distribution of sub-areas 124 of an imaging plane 129 of the imaging system
120, as well as the multi-channel optics 130 that is @&hfigured to map one allocated sub-area of the
imaging system 120 each per channel, such that the mapping of the individual images is
superimposed to an overall image in a projection surface. However, the constellations do not need to
have the above-mentioned dependence on the 10 projection distance of the allocated projection
image p0|n in,the surf ce 150. The pro ect n surf ce 150 n again be a non. Iana free- f rm
surface or b tlpeagw reess‘é%tl%a e§ m%Ja |rt1%a[tz)lgnce Dt as ?38 gﬁ)%eflhseap (r)cHefctmf |§ua[n<§ For obtaining
the desired rﬁﬁéﬁ%@tf@ﬁ@rﬁfﬁﬁ'@g@ﬂfﬁ@ fiegiRg system 110 and the multi-channel optics 130 are
implemented such that an implementation of a contribution of each channel to the overall 15 image
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above embodiments, a high depth of focus becomes possible even with a small f-number
or a very open aperture. Thus, the above embodiments represent a simple, compact



The multi-channel optics 130 could be implemented such that the channels of the first set are focused
to smaller distances to the multi-channel optics 130 38an the channels of the second set. In this way it
becomes possible to cover regions of depth of focus that even 30exceed the optical depth of focus of
the individual channels. The above embodiments could now be combined with the variation according
to Fig. 18 so that each set of channels is again sharp in its respectively allocated interval across an
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calculated. ever, fore reme.cases chan e of |st1a ce to the screen PELS hannel car occur
rb >ﬁaer ILis ossl e, for mple, Tor several projection’ displays accor
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to Fig. 1 to be used together to again form a larger projection display system. The
20  projection displays would project their individual overall images, for example attached to
one another, perhaps without overlapping, to a common extended projection surface, in
order to result in an even larger overall image when combined. In this case, the optical

axes of the projection displays could, for example, converge.

25 In the above embodiments, the different projection distances have been encoded into the
individual images in the projection surface 150. According to the subsequently discussed
alternative embodiments, it is also possible for this encoding to be performed via the
lenses or projection optics of the multi-channel optics, such as for realizing discrete
projection distances. According to such embodiments, each channel preferably does not

30 project the whole image information, which means overall less transmission or luminance,
but only that corresponding to the corresponding distance to the screen or projection
surface 150. Thus, this is an interleaving of array projectors or channels, wherein each
sub-array is allocated to a distance. Here, focusing the optics can also be adapted, such
as via focal length adaptation of the individual projection optics across the array, if the

35  optics is within a plane-parallel plane with respect to the imaging system.

According to the embodiments discussed in the previous paragraph, the projection display
of Fig. 1 is implemented, in deviation from the above embodiments, for example in the



Possible applications for the above embodiments are in the field of personal communication and
entertainment electronics and data visualization at &me and in the mobile field. A further field of
application is in the field of automobiles and aircraft in the form of a head-up display for projected
display of color state information, navigation, 30 environmental information as driver assistance
systems or for entertaining passengers. Applications in metrology and medical technology are also

possible, as well.as in display applications in industrial an uction plants. Use of the aboy
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Thus, some embodiments according to the invention comprise a data carrier comprising electronically

readable cdMPFSYGHERBTAMMACA5R e DEHRIARAARINEPFRIYIAAMABRE ISIBIGD e, §78&THEuch that
one of the roethods deist i &tk eialigne@ddrasci. e nartilghameloaittsntS ®f Fhe ga@spht, itheention
can be i.mplﬁragm@@mcmpaﬁ@r REO S dPrchet topibsa IR GEMTHEQRIKRSTRID HierPERgraMm code
is effective to %%rforrp one of the n%ethods vlvhen thF C(?lmputeré)rt Ggram rprlpduct rulals on a comrPuter.
The prografh code Car, for Example. be Sforelf0h & Machif8Sreatabie carer BineP eibittifMents
comprise thehedAigiaeeerrorreaPask R FomiiAg bABIONtHE Mride\aesditsel® eedntlivhieaainekhe
computer pepgitan3e.stored on a machine-readable carrier.

In particular, it is possible that the imaging system 110 and the multi-channel optics 130
comprise disjunct sets of channels for different projection surface distances. This will be
discussed based on Fig. 18, which is similar to Fig. 16 but clearly shows the differences
25  with respect to the above embodiments. According to the alternative embodiment, not all
11x11 channels, i.e. the sub-areas 124 with allocated projection optics are responsible for
the overall image. Rather, a first set of channels, here, for example, the bottom 6x11
channels are implemented to limit the superposition to the overall image to a first portion
of the overall image which is at a first interval |, of distances to the multi-channel optics
30 130. A second set of channels disjunct to the first, here the top half of 5x11 channels, is
implemented to limit the superposition to the overall image to a second portion of the
overall image which is at a second interval |; of distances to the multi-channel optics 130
comprising distances that are larger than all distances of the first interval I,. The intervals
I; and I, are here exemplarily free of overlapping, but this does not have to be the case. In
35 the case of a discontinuous free-form surface having, for example, only two different
distance ranges, namely L; and L,, the intervals do not even have to touch and could be
reduced to individual distances. Thus, the individual images in the sub-areas 124 here
cover individual, but no longer all portions of the overall image. The individual images in



In other words, an embodiment of the inventive method is a computer program comprising a program
code for performing one of the methods described hgsein when the computer program runs on a
computer. 38 Thus, a further embodiment of the inventive method is a data carrier (or a digital
memory medium or a computer-readable medium) on which the computer program for performing one
of the methods described herein is recorded. 5 Thus, a further embodiment of the inventive method is

a data stregm or a sequence of signals representing the computer program for performing one of the
methods daberton RArEI o he TSy ST e exemptaiy AEhligied Romne E i & S, thar
they can beCRERSROAEAVRCH B ERMbirititoN @ SARKCEHh WERiB AR liadfé IRdhsicugiA

further embiedigwenhahepsises aubracessitgnméanSniohgxacpieraptatypuitnightepogiammnatlle logic

device configyiad of RARIRAO RERILHE 8BRS BRDARAUH AR IR REEIarD A further

embodiment comprises a computer on which the computer program for performing one of the methods
described herein is installed. A further embodiment according to the invention comprises an apparatus
or a systeminopliemienieul sa e msinit aat chgpu@rtpringrane spe pedaisiong aintasalo tieeof theneiethods

20 describegihesaifid@decaiver (e drrRRIMSIN GRNRmeade. 4 examale el icalheRr

optically. The receiver can, fgr example, be a computer, a mobile device, a memory device.or a similar
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method, sugRRs AhHRICa T AaRLeHRFGERoEiAMPRAdREIS RS ERLMEr N dIURtaHeyef the

principles of the present invention. It is obvious that modifications and variations of the arrangements

and 35detd18'B¥sERBEH R¥rétn MR SBRBES 0 BN & SBHOBRIIEH Hle FIENRI, 8 indention is
merely limiteehbigliatascopéottihesfolioaring claijestiancdohepestute canteificotidheilsharazsatet ttegether
with the desgiiptanand hieadigsy3aianddf the-RmbediveRisers of the bottom 6x11 circles), such
that the first ratio of extension is higher than the second ratio of extension. This means
that, compared to the constellation of the channel projection optics centers of the bottom
20 channels, the constellation of the points corresponding to point 2 is extended further than
the constellation of the points corresponding to point 1 with respect to the constellation of
the channel projection optics centers of the top channels. This can happen in different
ways: by adapting the individual images or sub-areas 124 and/or by providing a different
pitch of the channel projection optics centers of the top channels compared to the pitch of
25 the channel projection optics centers of the bottom channels.

The multi-channel optics 130 could be implemented such that the channels of the first set

are focused to smaller distances to the multi-channel optics 130 than the channels of the

second set. In this way it becomes possible to cover regions of depth of focus that even
30 exceed the optical depth of focus of the individual channels.

The above embodiments could now be combined with the variation according to Fig. 18
so that each set of channels is again sharp in its respectively allocated interval across an
extended area of distances. In other words, a combination with coding of the projection
35 distance across the objects can be used to further increase image quality. This can be
advantageous, for example, for extreme screen geometries if the depth of focus of the
individual channels is not sufficient, for example due to large focal lengths or an f-number
which is too small to cover the whole distance range, i.e. focusing per channel becomes



39 Claims 1.A projection display (100) comprising 5 an imaging system (120) that is implemented to
generate individual images in a distribution of sub-aB$as (124) of an imaging plane (129) of the
imaging system (120); and 10a multi-channel optics (130) that is configured to map one allocated
sub-area of the imaging system (120) each per channel, such that the mapping of the individual
images is superimposed to an overall image in a projection surface, wherein the projection surface is a
non-planar free-form qufac or tilted W|th o toothe imagin de%laneh ?ﬁ‘q the |E‘| ing system

(100) is |mprfemen?e¥1 suc at it Consieliations o 0|n sin ngn Ividual Tmages, eac superlmposed in

a respectiv@¥BHRMoAHBIAY LR BIees! ﬂ%é%%@‘)‘mﬂﬁﬁﬁ’e%mﬁ éhaﬁrﬁﬁﬁdﬁﬂbg fHgeuatdpe
depending anuitWohbdisihopecdha 3espeativs msstive otopoiaini pte avarathémageahamtgéhesnuli-channel

optics (130)co%@t%n£f6%?r8#e%ﬂﬂsd'ﬁP'%aFrFo?vQJUQI IhElaLe Lupbsrrindhe rulsenaal PRfies

comprises a two-dimensional assemb ﬁy of p rerctlon o) tlcs in agro ectlon o&vlcs plané essentially

perpendicuEIXYEIR FiaGiRe AMhEe AR IR IR HECHAS)BRLNTEH RS KEadRtFY . SYURPRIThAp one
allocated iniivictuaieralge agfetli€ R Bifieradgpg rslsteon adich cikdaigra tes pestraiopticaldrasispoithé

direction of ghe prejedirAURRER: ich et rpRIBoSRELesmdividual images are superimposed
to the overall image in the projection surface. 3. The projection display according to claim 2, wherein

the projection optics (134) 30comprises decentration (135) with respect to the allocated sub-areas
(124), wherbrie deshevigiforiphbs orotee prajaattroaptibs @rsipciisriiianchas@eeerobietiypoBJ)
of them@located st amartdedarignhal ihearugiRbdmagethiRIGUPRTAMS BdiBdN® @ Feparéen

surface s r %' %?‘Mon J%%‘e%%%?%@ﬁﬁrd'(ﬁgtﬁ% (?\”6 25 08 8'{‘33&8[}8 SC&%’% OPlRRALS4)

comprises ecen respec ocated sub-areas erein the center pitch
(ppL) of theSErRfEaibi S} @3@?@@1@& RGP EgLEQr respective projection subjects. As one

example, the image of a keyboard is to be seen as content to be projected, more
accurately the projection of a static keyboard at a very flat angle. Here, for each row of
15 letters, such as the F row of keys, the row from " to =, the row from A to ', the row from Z
to M, etc., or for each key a projection distance is calculated and hence only discrete
differences of the constellation are introduced. The same can apply for line patterns to be
projected or generally for subjects that can be discretized, i.e. that are non-continuous.

20  Generally, with respect to the above description it should be noted that generally the
extension of the projector compared to the projection distance should not be of
importance. This means that the distances of the screen alone with respect to the array
center can be calculated. However, for extreme cases, a change of distance to the screen
per channel can occur, which can then be corrected again per channel.

25
Possible applications for the above embodiments are in the field of personal
communication and entertainment electronics and data visualization at home and in the
mobile field. A further field of application is in the field of automobiles and aircraft in the
form of a head-up display for projected display of color state information, navigation,

30 environmental information as driver assistance systems or for entertaining passengers.
Applications in metrology and medical technology are also possible, as well as in display
applications in industrial and production plants. Use of the above projection displays as
illuminating units, front headlights, effect illumination, such as for automobiles, is also
possible.

35
Further fields of application are in the realization of projection and illumination systems on
tited and optionally curved surfaces for machine vision, automotive, architecture, home



40 to the center pitch (poBJ) of the allocated sub-areas (124), so that the overall image (202)
superimposed in the projection surface is virtual. 5. he projection display according to claim 2,
wherein the projection optics (134) is 5centered with respect to the allocated sub-areas (124) and has
a collimating effect. 6. The projection display according to claims 3, 4 or 5, wherein the projection
optics assembly (130) further comprises an overall lens (310 312) that is downstream 10 with respect

to the two- d| nS|ona ssewbn%/( [ﬂ‘h ro ectpeq s.and coo?p%%s W|th the two-dimensional
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(134) are centered with respect to the allocated sub-areas (124) and have a 15 collimating effect, or to
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by decentration between the projection optics (134) on the one hand and the sub-areas (124) on the

other hand B5GFARENS B?Wé%f&ﬁﬁ&t?eﬁﬁ%@éﬁ%ﬂl ‘Péﬁ'%e WPW%EBF&EB%S%B‘P&%’&%EMH@ to claim
6, wherein teyvioearbdienmp{Bii0s 380)als inbpleprenischasspettgeniththadiztde foca efegtiysofthat an
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divergently or convergent! rolectlon ay according to one of claims erein a
distance 35BHIAESH W@%Sé%%aéh'éetﬁ@rf%b%ﬁ’é’éb‘FBjéBtﬂﬂP"t‘fﬁﬂé% essentially corresponds to a
focal length of the respective projection optics.

Depending on specific implementation requirements, embodiments of the invention can be

15 implemented in hardware or in software. The implementation can be made by using a
digital memory medium, for example a floppy disc, a DVD, a Blu-ray disc, a CD, an ROM,
a PROM, an EPROM, an EEPROM or a FLASH memory, a hard disc or any other
magnetic or optical memory on which electronically readable control signals are stored
that can cooperate or cooperate with a programmable computer system such that the

20 respective method is performed. Thus, the digital memory medium can be computer-
readable.

Thus, some embodiments according to the invention comprise a data carrier comprising
electronically readable control signals that are able to cooperate with a programmable
25  computer system such that one of the methods described herein is performed.

Generally, embodiments of the present invention can be implemented as a computer
program product with a program code, wherein the program code is effective to perform
one of the methods when the computer program product runs on a computer.

30
The program code can, for example, be stored on a machine-readable carrier.
Other embodiments comprise the computer program for performing one of the methods
described herein, wherein the computer program is stored on a machine-readable carrier.
35

In other words, an embodiment of the inventive method is a computer program comprising
a program code for performing one of the methods described herein when the computer
program runs on a computer.



41 11. The projection display according to one of claims 2 to 10, wherein a distance between the
sub-areas and the respective projection optics essef#ally corresponds to a focal length of the
respective projection optics, but such that the projection lenses remote from the axis have a larger
focal length for correcting a 5defocus due to the larger image distance of these channels. 12. The
projection display according to one of claims 1 to 11, wherein the imaging system is further
implemented such that the constellations additionally differ depending on the solid angle region in
which, seen from the multi-channel optics 10 (130), the respective common point lies, in order to
compensatd MHappiftitieprs BPdHBeRUM BRdAVRIBSIES hasbls aFlath a3Fisie@ioh HEREPAREHYding to
claim 12, wheigiimthe imaginpgteystaiteisduribguinpemante theuaintpatethe epasicbatients cififey

additionally Jepanfing, QR odo dResBld ARAIR, e g fyhich, seen from the multi-channel optics, the
7 :

respective common point lies such that mapping errors of the multi-channel optics (130) can be
compeﬁsated individually for each channel. 14. The projection display according to one of claims 1 to
13, whereinTinesjradgititer2dgysienens ohplenmeriadsuchtiiodt the didteretieanhemesrghence of

cons_tellatlog %9@8&'@&9&@%@'\%@%&&“ Hﬂ@g?ﬁﬁpﬁﬁ'ﬂ&ﬁﬁmw&@mﬁﬁétﬁ%mﬁaﬁaﬁé%ﬁ%&o the
multl-chanr}(il O%tlcﬁf*%(?o?&ls reflected malnill)%n a c;ntrlc ?xtens%n beijveen the o&s%e lations, so that
first constell5tiGhs e SHERT iﬂrdWFdﬁ% '?J\CQGeg, 240R i‘ﬁﬁ@r §8§ '8‘*6%%' e gxnC&noptics in
a respectivéedRiaei pdivie id daapentvEntpinAgennectionely axamieyiththenniereghnnel optics (130)
than apespective common point in the overall image where points of second constellations in the

individual ima e erfi S : ulti- | optics assempl e la ly. ;nore extended
with respe(r:]'t& to r?qegée%%&r%({ﬁ%%eﬁgﬂ%ﬁéggég 1&10%%%%%@&0 |%?ﬁ%dii0;rla%%ggd?n é(St(F)rzﬂéér{Iteg'] 0 (?:Igims 1lto
14, whereirPiRE RTEBANESYRIMARVS iSTRIISITAENPE dOHEPIFSMSY ASE G 1O RAILRhiHh CBSARPSSS the
overall imagiestoivedyhtheiisum of the luminosities of the points of the constellations in the imaging
plane (129) depending on the distance of the respective common point 35 in the overall image to the

multi-channel optics (130) to which the points of the respective constellations are superimposed by the

multi-cRann@l BISHE, SAMRERIRS fu ISR Y aRafBR e Poit¥Ehditt FATRIGA" oPIRBATMISE! of
sub-areas (A249rounginginftberawibotivd¢rvinivad teeiaspattietedonstellation. 42

A further embodiment according to the invention comprises an apparatus or a system
implemented to transmit a computer program for performing at least one of the methods

20 described herein to a receiver. The transmission can be made, for example, electronically
or optically. The receiver can, for example, be a computer, a mobile device, a memory
device or a similar apparatus. The apparatus or the system can, for example, comprise a
file server for transmitting the computer program to the receiver.

25 In some embodiments, a programmable logic device (for example a field-programmable
gate array, an FPGA) can be used to perform some or all functionalities of the methods
described herein. In some embodiments, a field-programmable gate array can cooperate
with a microprocessor to perform one of the methods described herein. Generally, in
some embodiments, the methods are performed by means of any hardware apparatus.

30 The same can be a universally usable hardware such as a computer processor (CPU) or
hardware specific to the method, such as an ASIC.

The above-described embodiments present merely an illustration of the principles of the
present invention. It is obvious that modifications and variations of the arrangements and
35 details described herein will be obvious to other persons skilled in the art. Thus, the
invention is merely limited by the scope of the following claims and not by the specific
details presented together with the description and the discussion of the embodiments.
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Claims

A projection display (100) comprising

an imaging system (120) that is implemented to generate individual images in a
distribution of sub-areas (124) of an imaging plane (129) of the imaging system
(120); and

a multi-channel optics (130) that is configured to map one allocated sub-area of
the imaging system (120) each per channel, such that the mapping of the
individual images is superimposed to an overall image in a projection surface,

wherein the projection surface is a non-planar free-form surface or tilted with
respect to the imaging plane, and the imaging system (100) is implemented such
that constellations of points in the individual images, each superimposed in a
respective common point in the overall image (160) by the multi-channel optics
(130), differ depending on what distance the respective common point in the
overall image has to the multi-channel optics (130).

The projection display according to claim 1, wherein the multi-channel optics
comprises a two-dimensional assembly of projection optics in a projection optics
plane essentially perpendicular to the imaging plane, wherein the projection
optics assembly is configured to map one allocated individual image of the
imaging system each along a respective optical axis in the direction of the
projection surface, such that the mappings of the individual images are
superimposed to the overall image in the projection surface.

The projection display according to claim 2, wherein the projection optics (134)
comprises decentration (135) with respect to the allocated sub-areas (124),
wherein a center pitch (pp.) of the projection optics (134) is smaller than a center
pitch (pos;) Of the allocated sub-areas (124), so that the overall image (162)
superimposed in the projection surface is real.

The projection system according to claim 2, wherein the projection optics (134)
comprises decentration (137) with respect to the allocated sub-areas (124),
wherein the center pitch (pp.) of the projection optics (134) is larger than or equal



21. 30 22. 35 23. The projection display according to one of claims 1 to 16, wherein the imaging
system is implemented to generate the individual im&ges from pixel array data representing the overall
image, namely by pre-distorting the pixel array data so that distortion of the overall image in the
projection surface is corrected due to tilting the same relative to the imaging plane. The projection
display according to one of the previous claims wherein the image system is a reflective imaging

system or atransmiss%e |magen SYS @)ﬁ (ﬁ/ ear i ‘%m{é%tl ora rehﬁﬁﬂ e ba{;nk r%uncci)vc()a:2 an

emissive imaging system “The oectl chcor ing {© one o éwous claims, wherein the
image system is a t@ﬁgﬁ]@&%ﬁlﬂﬁﬁﬁiﬂ@oﬁﬂm Bf%eﬁ"f’ﬁﬂe%'éﬁ‘ﬁédstﬁ'@i’é}blay the individual images
by lateral variation of transmissivity, wherein the projection display comprises a light source and a field

lens or fieldglens arrgys aRgING AL RS pd AeCBIERMPRS Rl ‘é'%m?s.ﬁ%@%}&@&@ua&am@%@qghm

Kohler |IIum|nat|on of the multi-channel optics Is realized The projection d according to claim 19,
further omprising £RMEHEH (A 1EFRDRSH 68&@5I|ﬁ5°ﬁ?é%léﬁgrﬂ?ﬁ?ﬁllﬁﬁ%@aﬁ18ﬂ iI\arﬁezbr‘b? LN Bisplay
according to one ofeafiecprevious claims, wherein at least part of the imaging system is implemented

passively, such as in the form of a finely structured mask. The projection display according to one of

that denticdtincvicl i FHOGET IR MEIEY OUBL TGt Brebed st BBE G0 BISIUGHaTtace n
a pixel-precise manarsemal prefbdueiheli ﬂ@l@pfm&mm&tﬂtbl@éf(ﬁi@p%@bh@bl&lﬁwvﬂﬁéﬁ%m
implegmented to recgivie psspBagt@HRE IR IRRIBAsBIAI aiexralay/Ad2) sEahfojection optics and
cooperates with the two-dimensional assembly (132) of projection optics (134)
that is implemented to refocus collimated beams (315) from the projection optics
(134) in a focal plane of the overall lens (310, 312), wherein the projection optics
(134) are centered with respect to the allocated sub-areas (124) and have a
15 collimating effect, or to focus divergent/convergent beams from the projection
optics (134) in an effective focal plane resulting by decentration between the
projection optics (134) on the one hand and the sub-areas (124) on the other
hand and focusing by the downstream overall lens.

20 7. The projection display according to claim 6, wherein the overall lens (310, 312) is
implemented as optics with variable focal length, so that an average projection
distance can be adjusted.

8. The projection display according to claim 7, wherein the optics with variable focal
25 length is a zoom objective or a liquid lens.
9. The projection display according to claim 2, wherein each projection optics (414)

comprises a lens vertex (415) decentered with respect to the aperture of the
respective projection optics, wherein a center pitch of the lens vertex (415) is

30 larger or smaller than the center pitch of the allocated sub-areas (124), so that
the lenses effect a projection of the individual image of the respective sub-area
along optical axes running divergently or convergently.

10. The projection display according to one of claims 2 to 9, wherein a distance
35 between the sub-areas and the respective projection optics essentially
corresponds to a focal length of the respective projection optics.



43 resolution, wherein the imaging system is implemented to display the individual images with a
second gray/color scale resolution that is smaller thdd the first gray/color scale resolution, wherein the
projection display is implemented to control the sub-areas at an image point of the image to be
projected depending 5 on a gray/color scale value of the image to be projected, such that the
individual images in the overall image (21, 23), at a position corresponding to the image point, sum up

toa gray/coigr scalengorres d|n tolghe gr%y olor scale Vf@Te 24 Tpeﬁol%tlon dIS' %accordlng
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claims 1 to 24, whereln the mag)éﬁ r{ystem (120) allows one or séveral of the tollowing user
adjustrRent options 6nd Hridthage d'StaﬁﬁecﬂE\ﬁﬁﬁ‘g%QEﬁlmages such that a change

of an average projection 20distance of the projection surface to the multi-channel optics with a

respective tién5|at0ﬂ‘léfﬂfbf8c¥hﬁ\ Rﬁ‘s%biﬁiﬂé&fcm&lpéod@qi@o‘f%fﬁﬁ% rfstH”fl WH%PQHQWQ |FH§9%&3 images
such that a change of tlltln%of th%ir hﬁ(}:tlon surface |th res&gct to th Iane res % 25 ¢)

changing the sub- nﬁg@tgg] éﬁ{agné?qllﬁ% om% OJggﬂBtr? '%%I;‘ye the
imaging plane resukiepepdifiadtaiheotig aﬂgiptrﬁgIartrla;y@zgmae@rsﬁ@@noﬁw@dn@&tnﬁr@m@eb@mﬂp@nsaung

the digtprtion of the @geyathenagpdatithecpraipstiposuniaseirvaite tbtinghifdhasamepiataivedasthe
imaging 30plane, 3 ?H?%ﬂgcﬁl?a ﬁgpﬂl]ggg%a ch that a change of bending of the projection surface
{SHOR 18 the I 31

relative to a plane-parallel orien ing plane results, and 35e) changing the sub-images
such that a change of bending of the projection surface with respect to the imaging plane results, by
simultaneously adajtiagpaojection display according to claim 12, wherein the imaging system is

further implemented such that the constellations differ additionally depending on

15 the solid angle region in which, seen from the multi-channel optics, the respective
common point lies such that mapping errors of the multi-channel optics (130) can
be compensated individually for each channel.

14. The projection display according to one of claims 1 to 13, wherein the imaging

20 system is implemented such that the difference between the constellations

depending on the distance of the respective common point in the overall image to

the multi-channel optics (130) is reflected mainly in a centric extension between

the constellations, so that first constellations of points in the individual images,

each superimposed by the multi-channel optics in a respective common point in

25 the overall image that is less distant to the multi-channel optics (130) than a

respective common point in the overall image where points of second

constellations in the individual images are superimposed by the multi-channel

optics assembly, are laterally more extended with respect to the second
constellations.

30
15. The projection display according to one of claims 1 to 14, wherein the imaging
system (120) is implemented, for homogenizing the illuminance across the overall
image, to vary the sum of the luminosities of the points of the constellations in the
imaging plane (129) depending on the distance of the respective common point
35 in the overall image to the multi-channel optics (130) to which the points of the

respective constellations are superimposed by the multi-channel optics, namely
by luminosity variation of the points and/or variation of the number of sub-areas
(124) contributing a respective point to the respective constellation.



distortion correction for compensating the distortion of the overall image in the 44 projection surface
due to local mapping variations due to the bending @the same relative to the plane-parallel orientation
to the imaging plane. 26. The projection display according to one of claims 1 to 25, further comprising
a bcamera and an adjuster, wherein the adjuster is implemented to regulate the projection surface into
which the multi-channel optics superimpose the individual images to the overall image, in an iterative
process and by controlling the imaging system, so that the same displays a test image, such that the
projection surface is approximated to an actual projection surface. 10 27. Method for displaying an
overall imadé; comgfisimieigetirit AiFRianarsattnhiageiinla SeBRIbE sPaabhruaie T 800 ian
imaging plane (129)imprankbtethppohgthby tedwehiansiey ohaanivitiotiizn pelmpicsi(d30keachtione
allocated subarea offe. FHAGAN 1306 4 @36] cSclbiyAL R eeTaRRNO R G il Yebiliaoes is

superimposed to an overall image in a p rO{ectlon surface, 20wh ereln the projection surface Is a

non-plahar free-forfPSSHABHSY i W iRt RGyaE: 2b tHe ﬂ"r‘?&ﬁnﬁbzfi *}ﬁﬂﬂ‘ﬂéﬁ@%&ﬁf&fﬂﬁ@e
individual images isapisrfomtréul suielss hatieoostedhtioageoflpoints in the individual images, each
superimposed by the multi-channel optics (130) in a respective common point in the overall image

(160), differ depen on what d| tag)ce the re rcﬂﬁgectlve 25 ommon pom{én the overﬁll image has to

the multi- chjannel 0 Wﬂ%ﬁt'% "ilgc?i%%o &b':b? Sr?'lBﬁsi]rw&O &’H?ﬁ?érb 8 é@V 'H9(120)
that is |mplementedswgéh@ram@oiﬁmemadltmwatﬁdfm)mgmﬂuabm@ggﬁﬁrar@wﬂﬂw éafamaging

plane1329) of the imagéreRyEane (d¢&kIRRsthge, namely by pre-distorting the pixel array data so
that distortion of the overall image in the projection surface is corrected due to
tilting the same relative to the imaging plane.

18. The projection display according to one of the previous claims, wherein the image
15 system is a reflective imaging system or a transmissive imaging system with rear
illumination or a reflective background or an emissive imaging system.

19. The projection display according to one of the previous claims, wherein the image
system is a transmissive imaging system that is implemented to display the
20 individual images by lateral variation of transmissivity, wherein the projection
display comprises a light source and a field lens or field lens array, and the field
lens is arranged at a distance to the individual images so that Koéhler illumination

of the multi-channel optics is realized.

25 20. The projection display according to claim 19, further comprising a further field
lens for canceling the telecentric illumination.

21. The projection display according to one of the previous claims, wherein at least
part of the imaging system is implemented passively, such as in the form of a
30 finely structured mask.

22. The projection display according to one of the previous claims, wherein the
imaging system and the multi-channel optics are implemented such that identical
individual images from different sub-areas are superimposed in the projection

35 surface in a pixel-precise manner.

23. The projection display according to one of the previous claims that is
implemented to receive an image to be projected with a first gray/color scale



a multi-channel optics (130) that is configured to map one allocated sub-area of the imaging system
(120) each per channel, such that the mapping of th4335individual images is superimposed to an
overall image in a projection surface, 45 channel optics (130) are implemented such that a
manifestation of a contribution of each channel to the overall image varies locally across the overall
image depending on what distance the respective common point in the overall image has to the
multi-channel optlcs 1?1 } %TQ% ectglon dIS{/) %géligqpna[;ecr%g] ago " e m ll’\%lnug‘lle
imaging system (11 and the malt- channml optits (i are implemen 8n % %
superimposed chaﬁﬁ@g%i’y‘%@ﬁ;‘?%ﬁﬁ @H&@Qér%ﬂﬁé@@@@ﬁ@ﬁﬂﬁg‘%ﬁ%ﬁ df&‘%ﬁn‘%\@ tﬂ’ét
respective commongpajridioitheaeeradmage arioitheheyicidQicmadrplapticsibinested he
projection display (130 5CHRY %%é?eﬁ?ﬁ[‘%r?ﬁw%{g{%gpaﬂﬂ%ﬂﬁéhﬁ %n&e%%me%%aw&e

multi-channel optics (130) are implemented such that a first set of channels’is implemented to limit the
superposition to an %@rar%%% fr e ¥xe PIRFoINBItIE ArePiMGHiaHeStiR ﬁg%ﬂ}ﬂé'&dv\ﬂﬂﬂﬂ a first
interval of distancesnagbhe multe chanalelioptes(213@R)ant & sesivon setredmivanme® digjuntide the first

is implemented to ligyf e AHRE'RASIGRRIGeseNRBYIRGER IM @ SARBNA DR Qidag Querall image

that is located within a second interval of distances to the multi-channel optics (130), comprising
distances that are larger than all 20 distances of the first interval, and that constellations of points in
the individud#imaged)s Birifietipb séshiay RECaViROD thieefipstolrimss EHardtlelwbereia thaltitiagingel optics

(130) ima resr?ectivey@mﬁmnmcdﬁairhmsrﬁr@étmrtb@ndg sRecovaladrimagitoMbd etk asaantally by a
centric extension ha}x &rﬁyo % Pk% ggna?ecglrjgé?ugé on, &)f}} ﬁ%t%ﬁ]%&?gﬁe RLe jection of

aperture centers 25 o‘lﬁ% %i%]anne S o IS arran d°conste points i the
individual images, %Héﬁrﬁ%@@@'r@ﬁﬁ%b?@%‘ﬁ??ﬁé’%@&dﬁ@%ﬁﬁ)&%ﬁ@§%%@ﬁ’ﬂﬂﬁ%‘?‘%\%el
optics (130) in a regpacti eSO Mmasenhigiot redbiatechiad perilatividuhieosgesll image (160), result
essentially by a centric extension having a second ratio of extension from a constellation of locations
where a pr éectlon of 30 aperture centers of the channels of the second set is arra g(%ed, and wherein

the firdPrati6df exteol KeEHye ARRIA A SULBKL PafB P RIS oh I3 24T HE P i MAgdy (100)
according to claim 39stehefézDihellowstiatteaonaieygtials ¢lL30 ibllowiegneatecadiusinkat cpéinngls of the
first set are focuseqﬁgéﬁ'éﬁg@{[qﬁ@mﬁép the multi-channel optics (130) than the channels of the
second set. 46 32. The projection display (100) according to claims 30 or 31, wherein the imaging
system (120) is implemented such that constellations of points in the individual images, each
superimposed by th) celaiiedns ohhestbsiniraest thiiChificrfarihanepties @BGVRIadresPeEdietommon
point gothe overall innagecel 60xherprojection surface to the multi-channel optics with a respective

translatory shift in the position of the projection surface results,

b) changing the sub-images such that a change of tilting of the projection surface
with respect to the imaging plane results,
25
¢) changing the sub-images such that a change of tilting of the projection surface
with respect to the imaging plane results, by simultaneously adapting a
trapezoidal distortion correction for compensating the distortion of the overall
image in the projection surface due to tilting of the same relative to the imaging
30 plane,

d) changing the sub-images such that a change of bending of the projection
surface relative to a plane-parallel orientation to the imaging plane results, and

35 e) changing the sub-images such that a change of bending of the projection
surface with respect to the imaging plane results, by simultaneously adapting a
distortion correction for compensating the distortion of the overall image in the



5 constellations of points in the individual images, each superimposed by the channels of the second
set of the multi-channel optics (130) in a respective 4émmon point in the overall image (160), differ
depending on what distance the respective common point in the overall image has to the multi-channel
optics (130). 10 33. A method for displaying an overall image, comprising generating individual images
in a distribution of sub-areas (124) of an imaging plane (129); and 15 mapping, by one channel of a

muli-channel opics,(:30) secl o AIOGAIES RIS QLIS RGN PIRDS, 178) Al ygh it he
mapping of the individual images Is superimposed to an overall image In a projecton surface,
20wherein the projd€lRY&{f BRErRshAlRLPAEH8Edd ImMIBR ARG BIBEG with respect to the imaging

plane, and generation and mapping are performed such that a manifestation of a contribution of each

channel to e OVer%\%éUb?Qj%éf%’ﬁe&iéﬁB%%J')é@c‘éfr‘?jﬁ?g”?@ GYE"&| dmyage dependingon W&]ﬂbﬁéﬁg@e the

respective common point in the overall image has to the multi-channel optics (130). 25 34. A computer
program comprisinG MGy R0 88dRUYFISERBREIRY the ALWRIE" dSciralng 5 tefilfd e dNGhen the

program runs on a eoomutiter.sB@face into which the multi-channel optics superimpose the individual
images to the overall image, in an iterative process and by controlling the imaging
system, so that the same displays a test image, such that the projection surface
is approximated to an actual projection surface.
10
27. Method for displaying an overall image, comprising:

generating individual images in a distribution of sub-areas (124) of an imaging
plane (129); and

15
mapping, by one channel of a multi-channel optics (130) each, one allocated sub-
area of the imaging plane (129) each, such that the mapping of the individual
images is superimposed to an overall image in a projection surface,

20 wherein the projection surface is a non-planar free-form surface or tilted with
respect to the imaging plane, and generation of the individual images is
performed such that constellations of points in the individual images, each
superimposed by the multi-channel optics (130) in a respective common point in
the overall image (160), differ depending on what distance the respective

25 common point in the overall image has to the multi-channel optics (130).

28. Projection display (100) comprising

an imaging system (120) that is implemented to generate individual images in a
30 distribution of sub-areas (124) of an imaging plane (129) of the imaging system
(120); and

a multi-channel optics (130) that is configured to map one allocated sub-area of
the imaging system (120) each per channel, such that the mapping of the
35 individual images is superimposed to an overall image in a projection surface,

wherein the projection surface is a non-planar free-form surface or tilted with
respect to the imaging plane, and the imaging system (110) and the multi-
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channel optics (130) are implemented such that a manifestation of a contribution
of each channel to the overall image varies locally across the overall image
depending on what distance the respective common point in the overall image
has to the multi-channel optics (130).

The projection display (100) according to claim 28, wherein the imaging system
(110) and the multi-channel optics (130) are implemented such that a number of
superimposed channels vary locally across the overall image depending on what
distance the respective common point in the overall image has to the multi-
channel optics (130).

The projection display (100) according to claims 28 or 29, wherein the imaging
system (110) and the multi-channel optics (130) are implemented such that a first
set of channels is implemented to limit the superposition to an overall image to a
first portion of the overall image that is located within a first interval of distances
to the multi-channel optics (130), and a second set of channels disjunct to the
first is implemented to limit the superposition to the overall image to a second
portion of the overall image that is located within a second interval of distances to
the multi-channel optics (130), comprising distances that are larger than all
distances of the first interval, and that constellations of points in the individual
images, superimposed respectively by the first set of channels of the multi-
channel optics (130) in a respective common point in the first portion in the
overall image (160), result essentially by a centric extension having a first ratio of
extension from a constellation of locations where a projection of aperture centers
of the channels of the first set is arranged, and constellations of points in the
individual images, superimposed respectively by the second set of channels of
the multi-channel optics (130) in a respective common point in the second portion
in the overall image (160), result essentially by a centric extension having a
second ratio of extension from a constellation of locations where a projection of
aperture centers of the channels of the second set is arranged, and wherein the
first ratio of extension is larger than the second ratio of extension.

The projection display (100) according to claim 30, wherein the multi-channel
optics (130) is implemented such that channels of the first set are focused to
smaller distances to the multi-channel optics (130) than the channels of the
second set.
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The projection display (100) according to claims 30 or 31, wherein the imaging
system (120) is implemented such that constellations of points in the individual
images, each superimposed by the channels of the first set of the multi-channel
optics (130) in a respective common point in the overall image (160), or
constellations of points in the individual images, each superimposed by the
channels of the second set of the multi-channel optics (130) in a respective
common point in the overall image (160), differ depending on what distance the
respective common point in the overall image has to the multi-channel optics
(130).

A method for displaying an overall image, comprising

generating individual images in a distribution of sub-areas (124) of an imaging
plane (129); and

mapping, by one channel of a multi-channel optics (130) each, one allocated sub-
area of the imaging plane (129) each, such that the mapping of the individual
images is superimposed to an overall image in a projection surface,

wherein the projection surface is a non-planar free-form surface or tilted with
respect to the imaging plane, and generation and mapping are performed such
that a manifestation of a contribution of each channel to the overall image varies
locally across the overall image depending on what distance the respective
common point in the overall image has to the multi-channel optics (130).

A computer program comprising a program code for performing the method
according to claims 27 or 33 when the program runs on a computer.



