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PROJECTION SYSTEM WITH OFFSET IMAGE
[0001] This relates generally to optical devices, and more particularly to projection systems.
BACKGROUND
[0002] Animage offset in a projection system is where the image source, such as a spatial light
modulator that modulates light for the image, is offset from the optical axis of a projection lens.
This produces an offset image from the projection optics. The projected image from the
projection optics is often offset in a direction diametrically opposite to the offset of the input
image and is offset by a distance proportional to the input offset. Image offset is often useful in
compact projection systems where the projected image must clear part of the projection system
itself or with ultra-short throw systems where the projector cannot be directly in front of the
projected image.
[0003] Image offset requires a projection lens to be large due to the increase in field size to
accommodate the offset position of the image source. That is, because the image enters the
projection optics offset from the center of the projection optics, the projection optics must be
large enough to accommodate the image received by the projection optics plus the offset
distance. In addition, the image cannot enter the projection optics too close to the edge of the
projection optics to avoid unacceptable distortion of the image. Offset image processing also
requires an increase in the lens count to minimize the aberrations of the system due to the large
field size. These factors result in expensive, large, and complex projection optics.
SUMMARY
[0004] In accordance with an example, a projection system includes projection optics having a
projection optics axis tilted from an axis perpendicular to an image target, the projection optics
configured to project an image. The projection system also includes an image source, the image
source configured to provide the image, the image source having an offset from the projection
optics axis, a plane of the image source having an angle from perpendicular to the projection
optics axis such that a projected image from the image source projected by the projection optics

is focused onto the image target along an extent of the projected image.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is an illustration of a projection system.

[0006] FIG. 2 is an illustration of another projection system.

[0007] FIG. 3 is an illustration of an ultra-short throw projection system.

[0008] FIG. 4 is an illustration of an example projection system.

[0009] FIG. 5 is a diagram illustrating the problem of keystoning.

[0010] FIG. 6 is a diagram illustrating a Scheimpflug defocusing issue with an example
projection system.

[0011] FIG. 7 is a diagram illustrating applying the Scheimpflug principle to an example
projection system.

[0012] FIG. 8 is a diagram of an example projection system.

[0013] FIG. 9 is an example projection system.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0014] Corresponding numerals and symbols in the different figures generally refer to
corresponding parts unless otherwise indicated. The figures are not necessarily drawn to scale.
[0015] In described examples, arrangements solve the problem of providing large projection
optics in projection systems using an image offset. In an example, a projection system includes
projection optics having a projection optics axis tilted from an axis perpendicular to an image
target, the projection optics configured to project an image. The projection system also includes
an image source, the image source configured to provide the image, the image source having an
offset from the projection optics axis, a plane of the image source having an angle from
perpendicular to the projection optics axis such that a projected image from the image source
projected by the projection optics is focused onto the image target along an extent of the
projected image.

[0016] FIG. 1is an illustration of a projection system 100. Spatial light modulator 102 has one
edge on the central axis of projection optics 104. FIG. 1 shows projection optics 104 as a single
lens. Other figures discussed herein also show the projection optics as a single lens. However,
in examples, projection optics 104 and the other examples of projection optics discussed herein
are multiple lenses to provide image correction, zooming and focus functions. Spatial light
modulator 102 serves as an image source by selectively providing light from pixel positions on

spatial light modulator. In an example, spatial light modulator 102 is a digital micromirror
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device (DMD) that selectively reflects light from a light source (not shown). In this example,
projection optics 104 reverses the image provided by spatial light modulator 102 to provide
image 106 as shown in FIG. 1. Projection optics 104 must be large enough so that the top of the
image provided by spatial light modulator 102 is within the field size of projection optics 104.
[0017] FIG. 2 is an illustration of another projection system 200. Spatial light modulator 202
is further offset from the optical axis of projection optics 206 by an offset 204. The image from
spatial light modulator projects as image 208, which is offset from the optical axis of projection
optics 206 by an image offset 210. The size of image offset 210 is a determined by the size of
offset 204; the distance from the spatial light modulator 202 to projection optics 206; the
distance from projection optics 206 to image 208; and the magnification of the projection optics
206. In addition, the size of projection optics 206 is increased by twice the image offset 204 so
that the top of the image provided by spatial light modulator 202 is within the field size of
projection optics 2006.

[0018] FIG. 3 is an illustration of an ultra-short throw projections system 300. Spatial light
modulator 302 is offset from projection optics 304. The image reflects off concave mirror 306 to
image plane 308. Spatial light modulator 302 is offset upward relative to the page, so the image
is offset downward onto mirror 306. This offset with the angle of concave mirror 306 offsets the
image from the axis of the projection optics 304 by an image offset 310. The position of ultra-
short throw projection system 300 from the image plane 308 is a throw distance 312. The use of
concave mirror 306 adds bulk and expense to ultra-short throw projection system 300.

[0019] FIG. 4 is an illustration of an example projection system 400. In projection system 400,
the optical axis 403 of projection optics 408 tilts at an angle 0 relative to the optical axis 401 of
projection system 400. Therefore, spatial light modulator 402 is offset from the optical axis 401
of projection system 400 by two amounts: offset 404 is an offset of spatial light modulator 402
from the optical axis 403 of the projection optics 408; and projector tilt 406 is an offset amount
determined by the angle of the tilt 6 of projection optics 408 relative to the optical axis 401 of
projection system 400 and the distance from spatial light modulator 402 to projection optics 408.
These offsets combine to produce a desired image offset 412 of image 410. With projection
system 400, projection optics 408 is smaller relative to the image offset 412, because the offset
404 is only part of the combined image offset produced by projector tilt 406 and offset 404.

Projection optics 409 in FIG. 4 shows the size of the projection optics that would be necessary
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without projector tilt 406. However, because spatial light modulator 402 and image 410 are not
perpendicular to the optical axis of projection optics 408, Scheimpflug defocusing issues will
occur. In addition, because spatial light modulator 402 and image 410 are not perpendicular to
the optical axis of projection optics 408, keystoning issues will occur. Correcting these issues is
explained hereinbelow.

[0020] FIG. 5 is a diagram illustrating the problem of keystoning. Image 502 is the image
from spatial light modulator 402 (FIG. 4) from the perspective 504 of the optical axis 401 of
projection system 400 (FIG. 4). From this perspective, image 502 has a trapezoidal or keystone
shape. This image results in a trapezoidal projected image 506 relative to perspective 504. This
problem can be corrected electronically by providing an image to spatial light modulator 402
(FIG. 4) that projects corrected projected image 510 that is corrected for keystoning. However,
such electronic correction removes the image from the area of the spatial light modulator 402
(FIG. 4) represented by triangles 505 and compresses that part of the image so that it will
properly project as corrected image 510. Thus, the light output associated with the pixels in
triangles 505 that are unused in correcting the keystone image is lost, and thus a portion of the
image brightness and resolution is lost. As explained hereinbelow, by choosing configuration
options, this loss can be mitigated while still providing a significant reduction in size of the
projection optics.

[0021] FIG. 6 is a diagram illustrating a Scheimpflug defocusing issue with an example
projection system 600. Projected image 608 shows the position where projection optics 606
focuses the image of spatial light modulator 602. The combination if tilt angle & with spatial
light modulator offset 604 produces image offset 610. However, projected image 608 projects
on to image target 612. Therefore, the only focused part of projected image 608 is where
projected image 608 intersects with image target 612. Focus issues caused by a projection onto a
plane that is not perpendicular to the projector is explained by the Scheimpflug principle.

[0022] FIG. 7 is a diagram illustrating applying the Scheimpflug principle to an example
projection system 700 to correct Scheimpflug defocusing. Spatial light modulator 702 is not
perpendicular to the optical axis 709. Rather, the angle o of spatial light modulator 702 is
selected so that the projected image 710 projected from spatial light modulator 702 through
projection optics 708 is focused on image target 712. In simplified form, the Scheimpflug

principle determines the angle o by determining the focal distance separately for the top and
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bottom of the projected image. In this configuration, the top of the projected image 710 (which
is inverted from the top of the image projected by spatial light modulator 702) is a distance y
from projection optics 708 and the bottom of projected image 710 is a distance x from projection
optics 708. These distances are determined by the distance from projection optics 708 to the
image target 712 along optical axis 701 using the angle 6 and simple geometry. For example,

distance x is determined by Equation 1:
d

X == (D)

cos

Where d is the distance from projection optics 708 to image target 712. The additional distance
of y is determined by a right triangle 714 with the length of projected image 710 as its
hypotenuse. Therefore, y is determined by Equation 2:

v=x+I[sinf (2)
Where 1 is the length of projected image 710 along image target 712. The focal distance is

determined by Equation 3:

1 1

S= s 3)

oo
Where fis the focal length of the lens, u is the object distance, and v is the subject distance. The
subject distances for the bottom and top of the image are x and y, respectively. Solving for u for
the top and bottom of spatial light modulator 702 (i.e. the object distances) determines the
position of spatial light modulator 702 and thus angle a. Because of the linear nature of
Equations 1-3, focusing the top and bottom of the projected image focuses the image along the
extent of the projected image.

[0023] FIG. 8 is a diagram of an example projection system 800 that includes an image offset
804, a projector tilt 806 and an image source 802 with a Scheimpflug correction factor a. In an
example, image source 802 is a spatial light modulator, such as a digital micromirror device, that
provides modulated light that is modulated reflection of a light source 805 reflected off the
digital micromirror device. The projector tilt 806 is determined by the relationship between
optical axis 801 and projection optics axis 803. Projection optics 808 projects the image from
image source 802 to a projected image 810 with an image offset 812. In an example, projection
optics 808 includes two lenses or more. A combination of offset distance of the spatial light
modulator and the tilt of the optical axis of the projection optics involves trade-offs between

reducing the size of the projection optics 808 and lost light intensity due to electronic correction
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of keystoning. Simulations were performed with various combinations of offsets and projection
optics tilt. The simulations include the following assumptions:

Assumptions:

0.23” image source (DMD) w/ F1.7 optics

20” image diagonal (16:9)

8” throw distance

3” image offset
The chart below expresses the offset as a percentage of the size of the DMD. The chart below

summarizes the results of the simulations:

Scheimpflug [DMD Offset [Image Distortion E‘I;E:) tameter
Architecture Option rojector [DMD

Tilt (°) Tilt (°)

0 0
loftset Only 10.00 0.00 160% [0.00% 14.85
Scheimpflug  +  150% 1.89 0.02 150% 2.01% 14.20
Joffset
cheimpflug +  125%} o5 0.08  |125% 7.27% 12.75
Joffset
, ™

Scheimpflug — + 100%)3 03 lo 15 fi00% 13.10% 11.46
foffset
Scheimpflug + 75% offset]19.88 0.23 75% 19.60% 10.32
Scheimpflug + 50% offset27.57 0.31 50% 26.87% 9.90
Scheimpflug + 25% offset]35.95 0.29 25% 35.07% 10.01
Scheimpflug Only 4.72 047 |o 44.40% 10.36
[0024] In this chart, the image distortion is the percentage of pixels lost due to correction for

keystoning. A good compromise from these figures is a 100% offset with a Scheimpflug tilt (o)
of 0.15°. This provides an image distortion of 13.10% and projection optics with a diameter of
11.46mm. Different assumptions and different goals will determine different optimization
results.
[0025] FIG. 9 is an example projection system 900. Spatial light modulator 902 is offset from
the optical axis of projection optics 904. In an example, projection optics 904 includes two

lenses or more. The optical axis 905 of projection optics 904 is at an angle of 6 relative to
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horizontal. This produces a projected image 909 with an image offset 910 that allows full view
of projected image 909 over projector 903.

[0026] Modifications are possible in the described examples, and other examples are possible,

within the scope of the claims.
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CLAIMS
What is claimed is:
1. A projection system comprising:

projection optics having a projection optics axis tilted from an axis perpendicular to an
image target, the projection optics configured to project an image; and

an image source configured to provide the image, the image source having an offset from
the projection optics axis, a plane of the image source having an angle from perpendicular to the
projection optics axis such that a projected image from the image source projected by the

projection optics is focused onto the image target along an extent of the projected image.

2. The projection system of claim 1, wherein the angle is determined according to a
Scheimpflug principle.

3. The projection system of claim 1, wherein the image source is a spatial light modulator.
4. The projection system of claim 3, wherein the spatial light modulator is a digital

micromirror device.

5. The projection system of claim 1, wherein the image from the image source is corrected
for keystoning of the projected image.

6. The projection system of claim 1, wherein the projection optics inverts the image

provided by the image source.

7. The projection system of claim 1, wherein the projection optics include at least two
lenses.
8. A projection system comprising:

projection optics having a projection optics axis tilted from an axis perpendicular to an
image target, the projection optics configured to project an image; and

a spatial light modulator configured to provide the image, the spatial light modulator
having an offset from the projection optics axis, a plane of the spatial light modulator having an
angle from perpendicular to the projection optics axis such that a projected image from the
spatial light modulator projected by the projection optics is focused onto the image target along
an extent of the projected image, wherein the image is adjusted to provide a corrected projected
image.
0. The projection system of claim 8, wherein the angle is determined according to a

Scheimpflug principle.
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10.  The projection system of claim 8, wherein the spatial light modulator is a digital
micromirror device.
11.  The projection system of claim 10, wherein the image is a modulated reflection of a light
source off the digital micromirror device.
12.  The projection system of claim 8, wherein the image from the spatial light modulator is
corrected for keystoning to provide the corrected projected image.
13. The projection system of claim 8, wherein the projection optics inverts the image
provided by the spatial light modulator.
14.  The projection system of claim 8, wherein the projection optics include at least two
lenses.
15. A method comprising:

providing an image using an image source; and

projecting the image using projection optics, wherein the projection optics has a
projection optics axis that is at a first angle from perpendicular to an image target, and wherein
the image source is offset from the projection optics axis.
16. The method of claim 15, wherein the image is corrected so that the projecting projects a
corrected image onto the image target.
17. The method of claim 15, wherein the image source is a spatial light modulator.
18. The method of claim 17, wherein the spatial light modulator is a digital micromirror
device and the image is modulated light reflected off the digital micromirror device from a light
source.
19. The method of claim 15, wherein the image source has an angle from perpendicular to the
projection optics axis such that a projected image projected onto the image target is focused
along an extent of the projected image.

20. The method of claim 15, wherein the projection optics includes at least two lenses.
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