WO 2006/049771 A2 || 000 00 0 0 000 O O A

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
11 May 2006 (11.05.2006)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

P
O N M

(10) International Publication Number

WO 2006/049771 A2

(51)

21

(22)

(25)
(26)
(30)

(71)

(72)

International Patent Classification:
G03B 21/00 (2006.01)

International Application Number:
PCT/US2005/035162

International Filing Date:
28 September 2005 (28.09.2005)

Filing Language: English
Publication Language: English
Priority Data:

10/975,889 27 October 2004 (27.10.2004)  US

Applicant (for all designated States except US): SYM-
BOL TECHNOLOGIES, INC. [US/US]; One Symbol
Plaza - Mail Stop A6, Holtsville, NY 11742-1300 (US).

Inventors: DVORKIS, Paul; 14 Tinker Bluff Court, East
Setauket, NY 11733 (US). GOLDMAN, Ron; 42 Goose
Hill Road, Cold Spring Harbor, NY 11724 (US). TAN,
Chinh; 14 Blue Top Road, Setauket, NC 11733 (US).
YAVID, Dmitriy; 25 Malvern Lane, Stony Brook, NY

(74)

(81)

(84)

11790 (US). WOOD, Frederick, F.; 8 Deering Court,
Medford, NY 11763 (US).

Agent: ISRAEL, Alan; Kirschstein, Ottinger, Israel &
Schiffmiller, P.C., 489 Fifth Avenue, New York, NY 10017
(US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, HI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, LY,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK,
SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
7ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

[Continued on next page]

(54) Title: LARGE SIZE IMAGE PROJECTION

<30 35)

(57) Abstract: A plurality of
image projection modules is
operative for causing selected
pixels in overlapping raster

/ﬁm

patterns to be illuminated to

/12

(40
——

produce a large size image of

high resolution of VGA quality
in monochrome or color. The
selected pixels in an overlap
region of the patterns are
illuminated at a lesser intensity
to provide uniform brightness
over the image. Multiple single
mode lasers, or a multimode
laser with an aperture stop,
are employed to increase
laser output power. Speckle
noise is reduced by controlling
the optical transmission
characteristic of a projection
screen. Three-dimensional
images are generated
by moving the screen.
Cross-coupling between drive
and feedback mechanisms in
image projection is reduced for
better image quality.




WO 2006/049771 A2 I\ N0 A0VOH0 T 000 OO0 A

FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,  For two-letter codes and other abbreviations, refer to the "Guid-
RO, SE, S, SK, TR), OAPI (BF, BJ, CE, CG, CI, CM, GA, ance Notes on Codes and Abbreviations" appearing at the begin-
GN, GQ, GW, ML, MR, NE, SN, TD, TG). ning of each regular issue of the PCT Gazette.

Published:
—  without international search report and to be republished
upon receipt of that report



WO 2006/049771 PCT/US2005/035162

LARGE SIZE IMAGE PROJECTION

The present invention generally relates to projecting two-dimensional images of large
size, especially using single mode laser sources or multimode laser sources, to reducing speckle
noise, to creating three-dimensional displays, and to minimizing cross-coupled signals in drive
mechanisms and pick-up mechanisms used in image projection.

It is generally known to project a two-dimensional image on a screen based on a pair
of scan mirrors which oscillate in mutually orthogonal directions to scan a laser beam over a raster
pattern. However, the known image projection systems project an image of limited resolution,
typically less than a fourth of video-graphics-array (VGA) quality of 640 x 480 pixels, and of limited
size. In the case of a color image formed by laser beams of different wavelengths (colors), some
laser sources, for example, red semiconductor single mode lasers have insufficient power to produce
a color image of uniform brightness. The use of multimode red lasers having higher power is
however restricted by their highly divergent laser beams. Speckle noise, which is caused by the
coherent nature of laser light, is an omnipresent problem that detracts from good display quality.
The known projected images are two-dimensional, which lacks the greater realism of a three-
dimensional display. Also, the known drive mechanisms used to oscillate the scan mirrors are
identical to pick-up mechanisms used to generate positional information from the oscillating mirrors.
These identical mechanisms result in cross-coupled signals which lead to noise and distortion.

| Accordingly, it is a general object of this invention to provide an image projection
system that projects a sharp and clear, two-dimensional image of large size.

Another object of this invention is to project color images of uniform brightness.

Still another object of this invention is to reduce speckle noise in image projection
systems.

Yet another object of this invention is to create realistic three-dimensional color
images. |

An additional object is to eliminate cross-coupling between identical drive and pick-
up mechanisms used to project images in such projection systems.

In keeping with these objects and others which will become apparent hereinafter, one

feature of this invention resides, briefly stated, in an arrangement for projecting a two-dimensional
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image, the arrangement including a plurality of image projection modules, each module having a
support, for example, a printed circuit board, a laser, for example, a solid-state laser, for emitting a
laser beam; a scanner for sweeping a pattern of scan lines in space at a variable distance from the
module, each scan line having a number of pixels, each pattern being partly overlapped at an overlap
region; and a controller operatively connected to each laser and each scanner, for causing selected
pixels to be illuminated, and rendered visible, by each laser beam to produce the image from each
pattern, the selected pixels in the overlap region being illuminated at a lesser intensity than selected
pixels not in the overlap region.

Inaccordance with one aspect of this invention, the image produced from each pattern
is larger in size than the image produced by any one of the patterns. The overlap region prevents any
undesirable seams from marring an observer’s view of the image. By reducing the intensity of the
selected pixels in the overlap region, bright spots and uneven brightness across the image are
eliminated.

In the preferred embodiment, each scanner includes a pair of oscillatable scan mirrors
for sweeping the respective laser beam along generally mutually orthogonal directions at different
scan rates and at different scan angles. At least one of the scan rates exceeds audible frequencies,
for example, over 18 kHz, to reduce noise. At least one of the scan mirrors is driven by an inertial
drive to minimize power consumption. The image resolution preferably exceeds one-fourth of VGA
quality, but typically equals or exceeds VGA quality. The support, laser, scanner, and controller of
each module preferably occupy a volume of less than five cubic centimeters, and typically less than
3-Y% cubic centimeters.

Another feature of this invention resides in increasing laser output power by using
a plurality of single mode, lower power lasers, and by independently energizing each laser at a
different time during a predetermined frame interval to illuminate a selected pixel. Laser output
power can also be increased by using a multimode laser in combination with an aperture stop to
block those parts of the diverging beam not needed to illuminate a selected pixel.

Still another feature resides in reducing speckle noise by producing a plurality of
reflections at each pixel. In the case of a front projection screen, it can be constituted of a slightly

transmissive material to produce the multiple reflections. In the case of a rear projection screen, the
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thickness and optical transmission characteristic of the screen are factors that control the multiple
reflections. Speckle noise can also be reduced by using multiple lasers with the same wavelength.

A three-dimensional display can be created on a screen by moving the screen back
and forth along the direction of propagation of the laser beam or beams incident thereon, and by
focusing the beam or beams at each position of the screen. The screen could also be rotated.

The projected image can be used for advertising or signage purposes, or for a large-
sized television or computer monitor screen, and, in short, for any purpose desiring something to be
displayed.

Still another feature is embodied in minimizing cross-coupled signals in image
projection arrangements. For example, ifa piezoelectric drive mechanism is used to oscillate a scan
mirror, and if an identical piezoelectric pick-up mechanism is used to generate a feedback signal
indicative of the position of the oscillating mirror, then mechanical vibrations induced by the drive
mechanism interferes with the pick-up mechanism and, as a result, a clean feedback signal is not
generated, thereby ruining high quality iniage projection.

FIG. 1 is a perspective view of an arrangement for projecting an image of large size
in accordance with this invention;

FIG. 2 1sanenlarged, overhead, perspective view of one image projection module for
installation in the arrangement of FIG. 1;

FIG. 3 is a top plan view of the module of FIG. 2;

FIG. 4 is an end elevational view of the module of FIG. 2;

FIG. 5 is an enlarged sectional view of the laser/optics assembly of each module as
taken on line 5-5 of FIG. 3; -

FIG. 6 is an enlarged sectional view taken on line 6-6 of FIG. 1;

FIG. 7 is an electrical schematic block diagram depicting operation of each module
of FIG. 2;

FIG. 8 is a schematic view of multiple single mode lasers used for increasing output
power;

FIG. 9 is adiagrammatic view of a multimode laser used for increasing output power;

FIG. 10 is a diagrammatic view of a front projection screen of reduced speckle noise;
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FIG. 11 is a diagrammatic view of a rear projection screen of reduced speckle noise;

FIG. 121s a front perspective view of a drive with minimized cross-coupled signals;

FIG. 13 is a rear perspective view of the drive of FIG. 12;

FIG. 14 is afront elevational view of a screen on which vertical scan lines are aligned;

_ FIG. 15 is an electrical circuit of an electromagnetic feedback circuit of the drive of
FIGS. 12-13; and

FIG. 16 is an electrical circuit of a variation of the feedback circuit of FIG. 15.

Reference numeral 10 in FIG. 1 generally identifies a housing in which a plurality of
lightweight, compact, image projection modules 20, as shown in FIG. 2, is mounted. Each module
20 is operative for projecting a two-dimensional image at the s.ame distance from the module. As
described below, each image is comprised of illuminated and non-illuminated pixels on a raster
pattern 30, 40 of scan lines swept by a scanner in module 20, and the two images are combined
together to form a single image of large size. Both raster patterns 30, 40 preferably have the same
optical horizontal scan angle extending along the horizontal direction, and the same optical vertical
scan angle extending along the vertical direction, of the respective image.

The parallelepiped shape of the housing 10-represents just one form factor in which
the modules 20 may be incorporated. In the preferred embodiment, each module 20 measures about
30mmx 15 mm x 10 mm or about 4.5 cubic centimeters. This compact, miniature size allows each
module 20 to be mounted in housings of many diverse shapes, large or small, portable or stationary.

Referring to FIG. 2, each module 20 includes a support 16, for example, a printed
circuit board, and a laser/optics casing 18 in which are mounted a laser 25 (see FIG. 5) and a lens
assembly, including one or more lenses and preferably a pair of lenses 22, 24 operative for optically
modifying a laser beam emitted by the laser 25.

As best seen in FIG. 5, the laser 25 is a solid-state laser, preferably, a semiconductor
laser, which, when energized, emits a laser beam having an oval cross-section. Lens 22 is a
biaspheric convex lens having a positive focal length of about 2 mm and is operative for collecting
virtually all the energy in the beam and for producing a diffraction-limited beam. Lens 24 is a
concave lens having a negative focal length of about -20mm. Lenses, 22, 24 are held by respective

lens holders 26, 28 about 4 mm apart inside the casing 18 and are fixed in place by allowing an
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adhesive (not illustrated for clarity) introduced during assembly into the fill holes 29 to set. A coil
spring 27 assists in positioning the laser. The lenses 22, 24 shape the beam profile.

The laser beam exiting the casing 18 is directed to, and reflected off, an optional
stationary bounce mirror 32. A scanner is also mounted on the board 16 and includes a first scan
mirror 34 oscillatable by an inertial drive 36 at a first scan rate to sweep the laser beam reflected off
the bounce mirror over the first horizontal scan angle A (see FIG. 6), and a second scan mirror 38
oscillatable by an electromagnetic drive 42 at a second scan rate to sweep the laser beam reflected
off the first scan mirror 34 over the second vertical scan angle B (see FIG. 6). In a variant
construction, the scan mirrors 34, 38 can be replaced by a single two-axis mirror.

The inertial drive 36 is a high-speed, low electrical power-consuming component.
Details of the inertial drive can be found in U.S. Patent Application Serial No. 10/387,878, filed
March 13, 2003, assigned to the same assignee as the instant application, and incorporated herein
by reference thereto. The use of the inertial drive reduces power consumption of the module to less
than one watt and, in the case of projecting a color image, as described below, to less than ten watts.

| The electromagnetic drive 42 includes a permanent magnet 44 jointly mounted on and
behind the second scan mirror 38, and an electromagnetic coil 46 operative for generating a periodic
magnetic field in response to receiving a periodic drive signal. The coil 46 is adjacent the magnet
44 so that the periodic field magnetically interacts with the permanent field of the magnet 44 and
causes the magnet and, in turn, the second scan mirror 38 to oscillate. The coil 46 is supported by
an upright wall 48 connected to the board 16.

The inertial drive 36 oscillates the scan mirror 34 at a high speed at a scan rate
preferably greater than 5 kHz and, more particularly, on the order of 18 kHz or more. This high scan
rate is at an inaudible frequency, thereby minimizing noise and vibration. The electromagnetic drive
42 oscillates the scan mirror 38 at a slower scan rate on the order of 40 Hz which is fast enough to
allow the image to persist on a human eye retina without excessive flicker.

The faster mirror 34 sweeps a horizontal scan line, and the slower mirror 38 sweeps
the horizontal scan line vertically, thereby creating a raster pattern which is a grid or sequence of
roughly parallel scan lines from which the image is constructed. Each scan line has a number of

pixels. The image resolution is preferably VGA quality of 640 x 480 pixels. In some applications,
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a one-half VGA quality of 320 x 480 pixels, or one-fourth VGA quality of 320 x 240 pixels, is
sufficient. At minimum, a resolution of 160 x 160 pixels is desired.

The roles of the mirrors 34, 38 could be reversed so that mirror 38 is the faster, and
mirror 34 is the slower. Mirror 34 can also be designed to sweep the vertical scan line, in which
event, mirror 38 would sweep the horizontal scan line. Also, the inertial drive can be used to drive
the mirror 38. Indeed, either mirror can be driven by an electromechanical, electrical, mechanical,
electrostatic, magnetic, or electromagnetic drive.

Each image is constructed by selective illumination of the pixels in one or more of
the scan lines. As described below in greater detail with reference to FIG. 7, a controller causes
selected pixels in the raster patterns 30, 40 to be illuminated, and rendered visible, by the respective
laser beam. For example, a power controller 50 conducts an electrical current to the laser 25 to
energize the latter to emit light at each selected pixel, and does not conduct an electrical current to
the laser 25 to deenergize the latter to non-illuminate the other non-selected pixels. The resulting
pattern of illuminated and non-illuminated pixels comprise each image, which can be any display
of human- or machine-readable information or graphic. Instead of a power controller, an acousto-
optical modulator could be used to deflect the laser beam away from any desired pixel to non-
illuminate the pixel by not allowing the laser beam to reach the first scan mirror.

Referring to FIG. 6, the representative raster pattern 30 is shown in an enlarged view.
Starting at point 54, the laser beam is swept by the inertial drive along the horizontal direction at the
horizontal scan rate to the point 56 to form a scan line. Thereupon, the laser beam is swept by the
electromagnetic drive along the vertical direction at the vertical scan rate to the point 58 to form a
second scan line. The formation of successive scan lines proceeds in the same manner.

The image is created in the raster pattern 30 by energizing or pulsing the laser on and
off at selected times under control of a microprocessor or control circuit by operation of the power
controller 50, or by maintaining the laser on and deflecting the laser beam at selected times by
operétion of an acousto-optical modulator. The laser produces visible light and is turned on, or its
beam is properly deflected, only when a pixel in the desired image is desired to be seen. The raster

pattern is a grid made of multiple pixels on each line, and of multiple lines. The image is a bit-map
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of selected pixels. Every letter or number, any graphical design or logo, and even machine-readable
bar code symbols, can be formed as a bit-mapped image.

FIG. 6 also shows a light-transmissive port or window 60 on the housing 10 and
through which the images are projected in a direction generally perpendicular to the printed circuit
board 16. Again, with reference to FIG. 3, the optical path of each laser beam has a vertical leg 62
between the laser/optics casing 18 and the bounce mirror 32, an inclined leg 64 toward the left to the
scan mirror 34, a horizontal leg 66 toward the right to the scan mirror 38, and a forward leg 68 (see
FIG. 6) in a direction toward the viewer and perpendicular to the board 16. The images can be
projected on any translucent or reflective surface, such as screen 12.

As shown in FIG. 7, a host 80 sends the bit-mapped image data 82 to a memory buffer
70 which is controlled by a memory controller 72. The storage of one full VGA frame would require
about 300 kilobytes, and it would be desirable to have enough memory in the buffer 70 for two full
frames (600 kilobytes) to enable one frame to be written by the host, while another frame is being
read and projected. On the other hand, if the size of the buffer is smaller than a full frame, then the
controller 72 can begin displaying lines after the memory has reached its maximum storage capacity
with data sent by the host, or there can be simultaneous reading from and writing to the buffer. A
frame synchronization signal 86 is sent by the host to the controller 72.

The first scan mirror 34, also known as the high speed or X-axis mirror, is driven by
the inertial drive 36 and is controlled by the memory controller 72. Similarly, the second scan mirror
38, also known as the slow speed or Y-axis mirror, is driven by the electromagnetic drive 42 and is
controlled by the memory controller 72. Since the images are projected during both forward and
backward scans of the X-axis mirror, every other line of image data is displayed in reverse order.
Hence, either the host has to write the image data to the buffer in the reverse order, or the memory
controller has to read the image data in the reverse order.

The X-axis mirror has a sinusoidal velocity profile. Ina given time interval, the laser
beam sweeps more pixels in the middle of each scan line than at the ends of each scan line. To avoid
image distortion, either the memory controller 72 should clock the pixels at a variable clock rate, or
the host should fill the buffer 70 with data in which the size of the pixels is varied. A variable clock

rate 1s the preferred technique since it allows pixels of a fixed size to be shared with other displays.
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The output of the buffer is a digital signal 84 which is frame-synchronized with the
host, and clock-and line-synchronized with the X-axis mirror 34. This digital signal is sent to a
modulator 88 which, in turn, controls the laser 25.

As previously mentioned, the modules 20 scan respective raster patterns 30, 40 on
the screen 12, and a bit-mapped image is projected and formed in each raster pattern. To increase
size, power and brightness of a display, the images from a plurality of modules 20 can be combined
or tiled along one axis, or along two orthogonal axes. Seams between tiled images can be avoided
by créating an overlap region 35 between the raster patterns 30, 40. Overlapping pixels from both
patterns 30, 40 can be illuminated in the overlap region. The intensity of each overlapping
illuminated pixel is reduced so that the combined intensity of the overlapping illuminated pixels
matches that of the non-overlapped illuminated pixels, thereby preventing bright spots in the image.

As shown in FIG. 1, an image of the letter “A” and at least a vertical leg of the letter
“B” is formed in pattern 30, while the same image of the vertical leg of the letter “B” and an image
of the letter “C” is formed in pattern 40. Eabh of the overlapping pixels that form the vertical leg
of the letter “B” in the overlap region 35 has reduced brightness, so that their combined brightness
corresponds, for example, to the pixels forming the letter “C”. The display of the letters “A, B, C”
is, of course, larger than the display of any individual one of these letters.

In the overlap region 35, the scan lines from the patterns 30, 40 are merged, for
example, to within one-half pixel of resolution, by linear extrapolation. For example, if there is a
5 pixel difference between the scan lines from patterns 30, 40 at opposite ends of the overlap region,
then the overlap region is designed to be about 100 pixels long such that there will be a smooth (5%)
transition across the overlap region. The length of the overlap region can be selected during
manufacture during a calibration procedure in which the screen 12 is replaced by an array of
photosensors whose output signals are measured and adjusted.

The scan lines depicted in FIG. 1 are generally horizontal. Itis also contemplated that
the scan lines extend along the vertical direction as shown in FIG. 14 and, indeed, this is the
preferred embodiment. The patterns 30, 40 still overlap, and, in region 35 for example, can overlap
for a single scan line, or for multiple scan lines. The rightmost vertical scan line of pattern 30 is

aligned with the leftmost vertical scan line of pattern 40, and the intensity of each overlapping line

-8-



WO 2006/049771 PCT/US2005/035162

is reduced, for example, by half. Tiling of images from respective patterns can be performed along
the horizontal and/or vertical directions.

By tiling images, large-sized displays on the order of twenty to eighty inches along
each axis are obtainable. To project the large-sized image, it is not necessary to use a single high
power laser which is not always available, may cost too much, or does not possess sufficient
reliability.

For color displays in which red, green and blue lasers are used, some lasers, such as
the red laser, have good beam quality, but insufficient output power to create a bright, visible image.
To obtain sufficient output power, a plurality of single mode, red lasers 25a, 25b, 25¢ in FIG. 8 are
mounted on acommon heat sink, and a common focusing lens 94 is used to focus the respective laser
beams into three, red laser spots that are spaced apart from one another. A laser controller 92 is
operative to pulse the respective lasers 25a, b, ¢ at the exact time when the respective laser spot
illuminates a specific pixel, preferably within a frame interval of about 20 milliseconds which
represents the maximum time that a human retina retains an image. When all three lasers have been
independently activated within one such frame interval, an observer will not know that the combined
red illumination came from three different lasers activated at different times. Since the three laser
beams are not mutually coherent, total speckle noise will be reduced.

Another way to obtain sufficient output power is to use a single multimode laser 98
whose output power is high, but whose beam quality is poor. An aperture stop 96, as shown in FIG.
9, is used to block those parts of the diverging beam which cannot be focused by lens 100 at the
screen 12. The aperture stop can have a rectangular, circular or elliptical aperture, or can have an
aperture with an undulating or wavy peripheral edge for optimization of the beam profile.

FIG. 10 depicts a front projection screen 12 having a total reflecting coating 102 at
the side opposite to the laser image projector 20. The screen is constituted of a material, preferably
plastic, having a slight transparency to the laser light. This has been found to reduce speckle noise
because of multiple reflections from the front surface of the screen, the rear surface of the screen,
and from intermediate different depths of the screen. These multiple reflections reduce image

resolution, but for some applications, this is a worthwhile tradeoff for reducing speckle noise.
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FIG. 11 depicts a rear projection screen 104 having an anti-reflective coating 106 at
the same side as the laser image projector 20. The thickness and optical transmission characteristics
of the screen 104 have been found to reduce speckle noise, again at the expense of image resolution.

The arrows D in FIGS. 10-11 depict the movement of the screen 12 or 104 at a rate
of about 30 Hz. This screen movement, combined with the projection and focusing of different
images at different distances to the screen, is employed to create a three-dimensional display. The
screen movement need not only be back-and-forth along the direction of the laser beam propagation,
but could also be circular.

Still another feature related to a movable screen is a display monitor whose housing
is collapsible. The monitor can be shipped flat and erected at a retail site, or at a customer’s
premises. The screen is mounted on the erected housing in position to enable a viewer to see the
image projected on the screen.

FIGS. 12-13 depict the inertial drive 36 in isolation. As described in the
aforementioned U.S. Patent Application Serial No. 10/387,878, filed March 13, 2003, an upper pair
of piezoelectric transducers 110, 112 contacts spaced-apart portions of a frame 114 above the scan
mirror 34 and is electrically connected by wires 116, 118 to a periodic alternating voltége source.
In use, the periodic source causes the transducers 110, 112 to alternatingly extend and contract in
length, thereby causing the frame 114 to twist about a hinge axis 120. The scan mirror 34 is
connected to the frame at opposite ends of the hinge axis and oscillates about the hinge axis at a
resonant frequency.

A lower pair of piezoelectric transducers 122, 124 contacts spaced-apart locations of
the frame 114 below the scan mirror 34. The transducers 122, 124 serve as feedback or pick-up
mechanisms to monitor the oscillating movement of the frame and to genefate and conduct electrical
feedback signals along wires 126, 128 to a feedback control circuit.

However, vibrations induced by the transducers 110, 112 are detected by the
transducers 122, 124 and tend to corrupt the feedback signals, thereby adversely affecting the
projected image. Hence, another feature of this invention resides iﬁ making the drive and pick-up
mechanisms different, for example, that both mechanisms are not based on the piezoelectric effect.

This invention therefore proposes that one of the mechanisms be based on a different type of
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mechanism. For example, as shown in FIG. 13, a magnet 130 is jointly mounted behind the mirror
34 for joint oscillation therewith, and an electromagnetic feedback coil 132, as shown in FIG. 12,
is mounted adjacent the magnet 130. The coil 132 senses the periodic electromagnetic field induced
by the moving magnet and is immune from vibrations from the transducers 110, 112.

FIG. 15 depicts an electrical schematic of this feedback circuit with the coil 132
connected to a periodic source 135. FIG. 16 shows a variation in which the permanent magnet 130
is replaced by a soft ferromagnetic material 137 jointly mounted to the scan mirror, and a pair of
permanent field magnets 136 operative to induce a static electromagnetic field in the soft material
137.

The soft material 137 can be steel, nickel, ferrite, etc., and, despite havihg no residual
magnetism, is advantageous over the permanent magnet 130, in that soft materials can be deposited,
while permanent magnets are prefabricated and then separately mounted, in that high performance
permanent magnets may demagnetize when fabricated into submillimeter pieces and subjected to
elevated temperatures, and in that the saturation inductance of soft magnets exceeds the residual
inductance of permanent magnets by a factor of about 1.5 so that the scan element with the soft
magnet of FIG. 16 can generate higher torque or consume less power than the scan element with the
permanent magnet of FIG. 15.

What is claimed as new and desired to be protected by Letters Patent is set forth in

the appended claims.
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WE CLAIM:
l. An arrangement for projecting an image, comprising:
a) a plurality of image projection modules, each having a laser for

emitting a laser beam and a scanner for sweeping a pattern of scan lines in space at a distance from
the modules, each scan line having a number of pixels, each pattern being partly overlapped at an
overlap region; and

b) a controller operatively connected to each laser and each scanner, for
causing selected pixels to be illuminated, and rendered visible, by each laser beam to produce the
image from each pattern, the selected pixels in the overlap region being illuminated at a lesser
intensity than selected pixels not in the overlap region.

2. The arrangement of claim 1, wherein each laser is a solid-state laser.

3. The arrangement of claim 1, wherein each scanner includes a first oscillatable
scan mirror for sweeping the laser beam along a first direction at a first scan rate and over a first scan
angle, and a second oscillatable scan mirror for sweeping the laser beam along a second direction
substantially perpendicular to the first direction, and at a second scan rate different from the first scan
rate, and at a second scan angle different from the first scan angle.

4. The arrangement of claim 3, wherein at least one of the scan mirrors is
oscillated by an inertial drive.

S. The arrangement of claim 1, wherein the controller includes means for
energizing each laser to illuminate the selected pixels, and for deenergizing each laser to non-
illuminate pixels other than the selected pixels.

6. The arrangement of claim 1, wherein the controller includes means for
merging the scan lines from each pattern in the overlap region.

7. The arrangement of claim 1, wherein the image has a resolution which

comprises at least 160 pixels in each scan line, and at least 160 scan lines in each pattern.

8. A method of projecting an image, comprising the steps of:
a) emitting a plurality of laser beams;
b) sweeping a plurality of patterns of scan lines in space, each scan line

having a number of pixels, each pattern being partly overlapped at an overlap region;
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c) causing selected pixels to be illuminated, and rendered visible, by each
laser beam to produce the image from each pattern; and
d) illuminating the selected pixels in the overlap region at a lesser

intensity than selected pixels not in the overlap region.

9. A method of creating an image from subimages, comprising the steps of:
a) emitting a plurality of laser beams;
b) sweeping a plurality of patterns of scan lines in space, each scan line

having a number of pixels;
c) causing selected pixels to be illuminated, and rendered visible, by each

laser beam to produce a subimage from each pattern; and

d) tiling the subimages to create the image by overlapping the patterns
at an overlap region.
10. An arrangement for projecting an image, comprising:
a) a plurality of single mode lasers for emitting respective laser beams;
b) a common focusing lens for focusing the laser beams to different

respective laser spots;

c) a scanner for sweeping a pattern of scan lines in space at a distance
from the lasers, each scan line having a number of pixels; and

d) a controller operatively connected to each laser and the scanner, for
causing selected pixels to be illuminated, and rendered visible, by the laser beams to produce the
image, the controller being operative for independently energizing each laser at a different time
during a predetermined frame interval at respective selected pixels.

11. A method of creating an image of high intensity, comprising:

a) a plurality of single mode lasers for emitting respective laser beams
of less intensity than that of the high intensity image;

b) a common focusing lens for focusing the laser beams to different
respective laser spots;

c) a scanner for sweeping a pattern of scan lines in space at a distance

from the lasers, each scan line having a number of pixels; and
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d) a controller operatively connected to each laser and the scanner, for
causing selected pixels to be illuminated, and rendered visible, by the laser beams to produce the
high intensity image, the controller being operative for independently energizing each laser at a
different time during a predetermined frame interval at respective selected pixels such that the laser

beams of less intensity combine to form the high intensity image.

12. An arrangement for projecting an image, comprising:
a) a single multimode laser for emitting a divergent laser beam;
b) an aperture stop for blocking parts of the divergent laser beam;
c) a scanner for sweeping a pattern of scan lines in space at a distance

from the laser, each scan line having a number of pixels; and
d) a controller operatively connected to the laser and the scanner, for
causing selected pixels to be illuminated, and rendered visible, by the laser beam to produce the
image.
13. An arrangement for projecting an image, comprising;
a) an image projection module having a laser for emitting a laser beam,
a scanner for sweeping a pattern of scan lines in space at a distance from the module, each scan line
having a number of pixels, and a controller operatively connected to the laser and the scanner for
causing selected pixels to be illuminated, and rendered visible, by the laser beam to produce the
image; and
b) a screen on which the image is visible, the screen having an optical
transmission characteristic that produces a plurality of reflections at each pixel.
14.  The arrangement of claim 13, wherein the screen is a front projection screen
having a total reflecting coating.
15. The arrangement of claim 13, wherein the screen is a rear projection screen

having an anti-reflection coating.

16.  The arrangement of claim 13, wherein the screen is movable.
17. A method of creating a three-dimensional image, comprising the steps of:
a) an image projection module having a laser for emitting a laser beam,

optics for focusing the beam, a scanner for sweeping a pattern of scan lines in space at a distance
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from the module, each scan line having a number of pixels, and a controller operatively connected
to the laser and the scanner for causing selected pixels to be illuminated, and rendered visible, by the
laser beam to produce the image; and

b) a screen on which the image is visible, the screen being movable to

a multitude of positions at which the laser beam is focused to create the three-dimensional image.

18. An arrangement for projecting an image, comprising:
a) a laser for emitting a laser beam;
b) a scanner including a scan mirror for reflecting the laser beam, and a

drive mechanism for oscillating the scan mirror to sweep the laser beam as a pattern of scan lines
in space at a distance from the laser, each scan line having a number of pixels; and
c) a controller operatively connected to the laser and the scanner for

causing selected pixels to be illuminated, and rendered visible, by the laser beam to produce the
image, the controller including a pick-up mechanism different from the drive mechanism for
monitoring a position of the scan mirror during oscillation.
| 19.  The arrangement of claim 18, wherein one of the mechanisms includes a
piezoelectric transducer, and another of the mechanisms includes an electromagnetic transducer.

20.  Thearrangement of claim 19, wherein the electromagnetic transducer includes
a soft ferromagnetic material mounted on the scan mirror, and a pair of permanent field magnets for

inducing a static magnetic field in the soft ferromagnetic material.
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