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VARIABLE AND SERRATED SCANNING IN LASER PROJECTORS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority from U.S. Provisional Application 61/520,067 filed
June 3, 201 1which is incorporated by reference herein in its entirety and this application relates

to U.S. Provisional Application 61/520,068 filed on June 3, 2011.

FIELD OF THE INVENTION
[0002] The invention relates to miniature projectors and methods for operating miniature

projectors.

BACKGROUND
[0003] Miniature laser projectors, which have been referred to as pico projectors, nano
projectors, and micro projectors, are generally battery operated portable projectors that have
been gaining popularity because their small size makes them convenient for certain applications.
The devices can be connected to handheld devices or laptops and can display images on screens
or walls.
[0004] Unfortunately, miniature laser projectors generally exhibit low light output, thereby
limiting their utility to environments with low ambient background light. These laser-based
units typical display power in the order of only 1 mW.
[0005] Maximum brightness for these devices can be increased by increasing the power of the

output; however, such increases in power can be detrimental. From a health perspective,
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increases in laser power can augment the possibly of damage to eyes. From an operational
perspective, increases in laser power can drain battery power rapidly and create excessive heat
that must be dissipated to avoid damaging the laser diode or changing the operational
performance.

[0006] Modulation of the horizontal scan velocity in the fast scan axis has been considered to
improved peak bright in miniature displays, which had been incorporated in CRT displays to
improve the apparent sharpness of edges; however, this was not used to increase brightness.
[0007] In conventional laser projectors, a moving micromirror is used to raster scan the laser
beam in a manner that is analogous to the steering of electron beams in cathode ray tubes. The
horizontal scan motion is created by running the horizontal axis at its resonant frequency, which
is typically about 18 KHz. The horizontal scan velocity varies sinusoidally with position. A scan
controller uses feedback from sensors on the scanner to keep the system on resonance and at a
fixed scan amplitude. The image is drawn in both directions as the scanner sweeps the beam
back and forth. This helps the system efficiency in two ways. First, by running on resonance,
the power required to drive the scan mirror is minimized. Second, bi-directional horizontal
scanning of video maximizes the laser use efficiency by minimizing the video blanking interval.
Bi-directional implies that the laser is emitting light during both left and right sweeps of the
laser beam (or up and down sweeps if the raster scan pattern is rotated). This results in a
brighter projector for any given laser output power.

[0008] The vertical scan direction is traditionally driven with a standard sawtooth waveform
to provide constant velocity from the top to the bottom of the image and a rapid retrace back to

the top to begin a new frame as shown in Figure 1. The frame rate is typically 60 Hz for an 848
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x 480 WVGA resolution; it can be increased under some conditions or some particular
application requirements.

[0009] In light of the limited utility of miniature laser displays and possible safety and
performance concerns associated increasing laser power, a need exists to more optimally

operate miniature laser displays.

SUMMARY OF THE INVENTION
[0010] A method is provided that comprise: receiving image data for an image to scan;
generating light beams responsive to the image data; forming a horizontal scan profile to direct
the light beams in which the horizontal scan profile comprises cycles having oscillating
amplitudes that are substantially parallel to a first axis (X-axis) and substantially perpendicular
to a second axis (Y-axis); forming a cyclic wobulation responsive to the cycles; forming a
vertical scan profile that includes the cyclic wobulation; and scanning the light beams according
to a wave pattern that is a composite of the vertical scan profile and the horizontal scan profile
to form the image such that the light beams are driven vertically parallel to the second axis (Y-
axis) from a first edge to an ending edge while oscillating horizontally parallel the first axis (X-
axis). The method can further include generating a baseline vertical scan profile of motion along
the second axis as a function of time; providing or selecting a cyclic wobulation profile of
motion along the second axis versus time in which the cyclic wobulation profile comprises
individual wobulation cycles in which one wobulation cycle corresponds to one half of a single
wave of a wave pattern and another wobulation cycle corresponds to a second half of the single

wave; and adding the cyclic wobulation profile to the baseline vertical scan profile to obtain the



10

15

20

WO 2012/166536 PCT/US2012/039408

vertical scan profile. The baseline vertical scan profile can be a linear function and the wave
pattern can comprise a series of single waves and the single waves can comprise a first half
having a first half amplitude that oscillating in one direction along the first axis (X-axis) and a
second half having a second half amplitude that oscillates in a second direction along the first
axis (X-axis) that is opposite the one direction. The first half and second half of individual
single waves can be symmetric about the second axis. Additionally, the method can comprise
the steps of providing a baseline vertical scan profile of motion along the second axis as a
function of time; providing or selecting a cyclic wobulation profile of motion along the second
axis versus time, wherein the cyclic wobulation profiles comprise individual wobulation cycles
in which one wobulation cycle corresponds to the first half of the single wave of the wave
pattern and another wobulation cycle corresponds to the second half of the single wave; and
adding the cyclic wobulation profile to the baseline vertical scan profile to obtain the vertical
scan profile. The method can further include complete horizontal sweeps of the light beams on a
viewing surface to form scan lines and the scan lines have an average absolute angle with
respect to the first axis that is less than the an average absolute angle with respect to the first
axis of scan lines that would correspond to scanning the beams using the baseline vertical scan
profile.

[0011] Additional implementations of the invention can include employing a variable scan
velocity values in the second axis, wherein the scan velocity values are responsive to brightness
levels required for the image data. Further, embodiments can include the steps of forming scan
lines on a viewing surface from complete horizontal sweeps of the light beams; and setting the

scan velocity values to be inversely related to a total brightness levels required for complete
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scan lines that are oriented along the second axis.

[0012] The invention also can include embodiments to a miniature projector that
comprises: a means for providing at least three different light beams of different color; and a
means for scanning the light beams. The scanning means can be adapted to scan the light beams
according to a pattern from a first edge to an ending edge in the screen to form an image, the
pattern being a wave pattern of scan lines such that amplitudes oscillates along a first axis (X-
axis) as the beams progressively scan along a second axis (Y-axis), the second axis being
perpendicular to the first axis. Ideally the source of the beams can be positioned centrally in
front of the screen such that the beams at the central portions of the screen are perpendicular to
the screen; however, because systems incorporating the invention are generally mobile, the
relational positioning can vary. In some cases, the source can be lower than the center of the
screen, but can still be laterally centered. The wave pattern can be a composite of a vertical scan
profile and horizontal scan profile and the vertical scan profile can have a cyclic wobulation
corresponding to the amplitudes. In the miniature projector, the scanning means can be adapted
to add a second harmonic wave pattern to a baseline vertical scan profile to make the vertical
scan profile in which the second harmonic wave pattern is responsive to the horizontal scan

profile.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] The invention will be explained in detail with reference to the drawings in which:
[0014] Figure 1 shows views of a composite raster scan pattern and component vertical and

horizontal scan patterns incorporated in the invention;
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[0015] Figure 2 shows views of raster scan patterns for a video image having a uniform
brightness and a video image having non-uniform brightness;
[0016] Figure 3 shows component vertical scan patterns for a uniform brightness frame and a

video image having non-uniform brightness frame;

[0017] The Figure 4 shows a block diagram of the system architecture according to the
invention;
[0018] Figure 5 shows a view of a serrated raster scan pattern according to the invention;
[0019] Figure 6 shows another view of a serrated raster scan pattern according to the
invention;
[0020] Figure 7 shows the combination of serrated raster scanning with variable vertical

scanning; and
[0021] Figure 8 is a flowchart representing various uses of the implementations of the

invention.

DETAILED DESCRIPTION OF THE EMBODIMENT(S)
[0022] To increase the peak brightness and maintain and/or improve image uniformity of
miniature displays, which can be laser based or light emitting diode based, embodiments of the
invention are disclosed that incorporate certain modulations of the scan velocity and/or serrated
scanning patterns. The serrated scanning, which will be described in greater detail below, can
generally be achieved by having some wobulation feature in the vertical and/or horizontal scan
profiles, wherein wobulation implies some subtle oscillation in a dimension about a locus of

points. Subtle oscillations implies that the wobulation motion is substantial smaller than or a
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fraction of the complete range of scan motion in the dimension.

[0023] An important consideration in the miniature display incorporated in the invention is
that unlike in CRTs, which require a blanked horizontal retrace interval to produce a uniform
horizontal scan pattern, a blanking horizontal retrace is not practical. The reason is a horizontal
retrace during the actual image producing phase would reduce the effective display brightness
by half. This is due to the fact that the retrace time for laser or LED beam is equal to the active
scan time.

[0024] The invention can incorporate a single mirror, a micromirror, a collection of mirrors or
micromirrors, or a fiber optic cable system having servo steering system mechanism to raster-
scan the beams. It is important to note that although the term mirror will be mentioned
throughout the specification, it is intended that other suitable means of scanning light beams are
considered features of the invention which could include micromirrors, collections of mirrors,
scannable fiber optic cables, and the like.

[0025] The horizontal scan motion is created by running the horizontal axis at its resonant
frequency, which can be about 18 KHz. The horizontal scan velocity varies sinusoidally with
position. It is also important to note that although the expressions horizontal and sinusoidally
are used, it is intended that embodiments of the invention can be systems in which the raster
scan is rotated and it is further intended that other wave patterns such as various zigzag
configurations, sawtooth configurations, and other suitable transverse wave patterns are suitable
embodiments with the understanding that the beams are intended to be scanned in both
directions of wave cycles.

[0026] A scan controller of the mirror or mirror system can use feedback from sensors on the
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scanner to keep the system on resonance and at fixed scan amplitude. The image is drawn in
both directions as the scanner sweeps the beam back and forth. This helps the system efficiency
in two ways. First, by running on resonance, the power required to drive the scan mirror is
minimized. Second, bi-directional scanning (i.c. projecting light during left and right sweeps)
maximizes the beam use efficiency by minimizing the video blanking interval. This results in a
brighter projector for any given laser or light output power.

[0027] The vertical scan direction can be driven with a standard sawtooth waveform to
provide constant velocity from the top to the bottom of the image and a rapid retrace 19 back to
the top to begin a new frame as shown in Figure 1. The frame rate can be 60 Hz for an 848 x
480 WVGA resolution; the frame rate or resolution can be increased under some conditions or
for some particular application requirements (¢.g., in a system where particular frames of video
are to be flashed or scanned multiple times). Views of a general raster scan pattern utilized by
the invention are shown in Figure 1. Specifically, Figure 1 A shows how the beams of light 12 of
the projector are scanned by the mirror (or mirror system) across a screen or wall 11. In the
particular example, Figure 1A shows that the result of the mirror rotating horizontally across the
X-axis and vertically along the Y-axis as a function of time in which T=0 can be a time in which
the light 12 is first projected on the screen 11. Time T=0 can correspond to the top 13 of the
screen as shown in Figure 1A and T=0 can begin at horizontal level Y=+f . T=c can correspond
to the bottom 14 of the viewable screen and T=c can be at horizontal level Y=-f. Figure 1A
further shows that the mirror raster scans the beams 12 sinusoidally downward from Y=+f at
T=0 to Y=-f at T=c which effectively completes an image of video for one frame or subframe of

video data. The number of individual scans to the right and left of the beams can vary
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depending on the system requirements and/or characteristic such as the designed resolution and
the number pixels for the display. Each individual full scan cycle can include an overscanned
right blanking region 15 at the far right of the scan as the beam reaches the vertical right edge
17 of the screen at vertical position X=+g and an overscanned left blanking region 16 at the far
left of the scan as the beam reaches the vertical left edge 18 of the screen at vertical position
X=-g. The overscanned blanking regions arc arcas outside the viewable screen in which the
beams are either not on or the beams are appropriately shielded. There can be overscanning at
the bottom 14 and top 13 of the screen 11 in which the mirror is projected vertically to positions
corresponding to beyond the viewable screen edges.

[0028] Figure 1B shows the vertical component of the scan mirror and Figure 1C shows the
horizontal scan component 25 of the scan mirror. Figure 1B shows how the mirror scans the
beams downward from the top 13 of the screen at Y=+f at T=0 to the bottom Y=-f at T=c. In
Figure 1B, the vertical axis is the time axis and the horizontal axis is the Y-axis.

[0029] Figure 1C shows how mirror oscillates the beams laterally right from center line X=0
at T=0 toward the right edge 17 and into the overscanned blanking region 15 , then toward the
left toward the left edge left 18, then toward the right edge 17, and so on until the beams reach
center line X=0 at T=c. Figure 1C also shows the overscanned blanking regions 16, 15, which
are the projected positions beyond X=-g and X=+g to which the mirrors are directed at the
extremes of the sinusoidal cycles.

[0030] With reference to Figure 1B, it is important to point out that the slope of the vertical
component is linear and is ideal if the intensity needed for a particular image frame of video is

uniform through the frame. However, a key feature of the invention is the rate of the vertical
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component changes during a particular frame of video when the intensity needed for the
particular frame is not uniform in that some arcas require greater brightness than others. As
such, technically when there is to be a brightness change from one lateral region to an adjacent
lateral region, the second derivative of the Y position with respect to the time T will become
non-zero and the slope of the Y position with respect to the time T will increase if brightness is
to be reduced and will decrease if the brightness is to be decreased.

[0031] Figure 2A shows an example expected scan line spacing of the color beams 12 of the
projector 24 as they are scanned when using the vertical scan rate shown in Figure 1B. The
vertical scan here has a constant slope 20.

[0032] Figure 2B in contrast shows how scan line spacing can be varied by intentionally
varying the vertical scan velocity during different portion of a raster scan. In such a case, when
greater brightness is required, the vertical rate component is slowed downed in regions which
need greater brightness. When less brightness is required, the vertical rate component is
increased. In this example, the middle lateral portion of the screen in Figure 2B is a slow scan
region 21 and this region is surrounded by two fast scan regions 22, thereby more efficiently
supplying additional light to region 21 at the expense of regions 22.

[0033] Figures 3A and 3B show examples of the invention when one video frame requires a
uniform brightness and another frame requires a non-uniform brightness. The vertical scan rate
shown in Figure 3A would produce the uniform scan line spacing result observed in Figure 2A
and vertical scan rates shown in Figure 3B would produce the non-uniform scan line spacing
result observed in Figure 2B. Figure 3B shows how the middle lateral portion of the screen in

Figure 2B can have a tight scan line spacing and how the upper and lower lateral portions have

10
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wider spacings. The spacing character in Figure 2B is a result of having the slow scan region 21
surrounded by two fast scan regions 22 as shown in Figure 3B. The fast scan implies that the
slope of the vertical motion or displacement of the scan beam by the mirror with respect to time
is larger than the constant or average vertical motion or displacement for a screen in which the
scan line spacing is uniform throughout a frame of a screen. The slow scan implies that the
slope of the vertical motion or displacement of the scan beam by mirror with respect to time is
smaller than the constant or average vertical motion or displacement for a screen in which the
scan line spacing is uniform throughout a frame of a screen.

[0034] In sum, the invention advantageously increases the peak brightness of the display by
modulating the vertical scan velocity. More particularly, scan velocity modulation (SVM) to
improve brightness is accomplished by forcing the laser beam to spend more time on the bright
picture areas and less time on the dark picture areas.

[0035] It is important to point out the SVM can be performed horizontally and/or vertically.
However, because the horizontal scan is high frequency and the scanning mechanism is
mechanical, it is not generally practical and is presently difficult to implement horizontal SVM.
[0036] Please note that when mentioned in the context of this invention, the expression
horizontal SVM is intended to mean some change in the horizontal scan velocity that will make
the scan velocity deviate from the baseline horizontal trajectory character of the particular
display. This means that the baseline horizontal trajectory character shown in Figure 1C for the
display, which does show some slight nonlinearity within the viewable screen region by design,
is considered to have no horizontal SVM applied to it. There would have to be some slope

changes with respect to the current slope character within one of the half cycles in Figure 1C,
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which is responsive to brightness needs to consider the display to have horizontal SVM .
Likewise it is feasible that the vertical baseline scan velocity could have some minor
nonlinearity built into it for a number of reasons which could include the light sources not being
laterally aligned with the screen or include geometrical peculiarities/requirements associated
with beam shaping and/or screen shapes; and as such, vertical SVM is intended to mean there is
some deviation in the slope of the vertical position with respect to time, which is responsive to
brightness needs, from the baseline slope profile.

[0037] Although horizontal SVM can be utilized, the invention focuses more on the uses of
vertical SVM, because the vertical scan component has a much lower frequency and has
significantly more latitude for horizontal SVM. When vertical SVM is employed, the horizontal
scan line spacing is modulated, as shown in Figure 2B as opposed to Figure 2A. Figure 2B
exaggerates the effect to show the principle. In practice, the modulation is limited to the extent
that it prevents noticeable visibility of the scan line structure and to the extent that it prevents
excessive degradation of resolution or degradation of vertical detail where scan line spacing is
increased.

[0038] The Figure 4 shows a block diagram of the system architecture for enhancing and
more effectively obtaining desired peaked screen brightness. In this scheme, a line brightness
detector 401 is employed to determine the maximum brightness value for each line of video.
Input video is analyzed in detector 401 to determine the level of brightness needed for an
individual line of video. The detector can use filtering to prevent giving too much weight to a
single bright pixel. Blocks 403 of the architecture in Figure 4 provide a set of look-up-tables.

The function of each table is to map line brightness values to values indicative of desired line

12
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spacing or alternatively, desired line frequency. Multiple tables are used to provide multiple
display profiles. For example, the individual look-up tables could each correspond to a different
level of maximum brightness enhancement for the controller 405 to select. As such, for a given
video frame, the system or controller 405 can calculate the temporal characteristics (such as
total vertical scan time) and/or spacing characteristics (e.g. the collective scan line spacings) for
scanning the image for the given frame associated with employing the specific look-up tables.
The line spacing values associated with the implementation of ecach look-up table can be
summed in sum block 404 to produce a frame total value for each display profile associated
with each look-up table for the given frame. This summation in sum block 404 can cffectively
be the total vertical scan time needed to implement the parameters of the given look-up tables.
The controller 405 can locate the frame total for the look-up table that most closely matches the
target total or better matches the target total than at least another look-up table. This can mean
that the controller 405 selects the look-up table of the available look-up tables that will produce
the highest picture brightness (or produce a higher picture brightness than some other look-up
table outputs) and yet allow all of the sweeps of the light beams to be completely scanned
under the constraint of the fixed video frame rate. In other words, look-up tables that enhance
brightness but require such changes in the vertical scan rates that cause too few or too many
horizontal scans to occur and/or would require the fixed video frame rate to be reduced are not
employed for that given frame. The controller 405 then implements the corresponding display
profile in order to control the vertical interpolator 406 to properly place individual pixel
positions on the screen.

[0039] With regards to the interpolator 406, it is important to point out that the scan lines or

13



10

15

20

WO 2012/166536 PCT/US2012/039408

sweeps of the light beams are not fixed with respect to pixels for all frames on the screen for
this invention. This is different than known projector systems in which the particular scan lines
are dedicated to the same particular pixels on a viewing surface for all frames. Rather, in this
invention, the light beam outputs are uniquely synchronized for different frames with the
vertical and horizontal positioning of the mirror or scanning means such that the appropriate
level of light in terms of chromaticity and luminosity are projected on the correct pixel locations
on the screen as the light beams are scanned for a particular frame, wherein the physical
locations and spacings of the specific scan lines vary from frame to frame and the pixels that the
specific scan lines are intended to illuminate vary from frame to frame. For example, in one
implementation of the invention, for one frame the fifth complete horizontal scan of the light
beams can provide the needed light for 1st, 2nd, and 3rd pixels in the 8th row of screen pixels
and for another frame the fifth complete horizontal scan of the light beams can provide the
needed light for 1st, 2nd, and 3rd pixels in the 6th row of screen pixels.

[0040] Anyway, the controller 405 provides inputs to modulate the beams in the brightness
modulator 407 and correspondingly drives the vertical scan control 408 to select the appropriate
scan velocity modulation. The controller 405 and a video frame delay processor 402 arc both
used as inputs to the vertical interpolator 406. In order to keep the total number of display scan
lines constant, scan lines that are displayed more closely together must be offset by scan lines
that are displayed further apart. The video frame delay 402 can be employed to ensure that the
controller 405 is given ample time to determine the best or better look-up table to employ and to
determine the appropriate values or control signals to employ to the drive the system

components for the given frame. Because the desired spacing per scan line is a nonlinear

14
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function of brightness, the look-up-tables can be used to determine the best balance of

brightness enhancement.

[0041] The table below shows an example of a look-up-table representing a profile to double

picture brightness.
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line max brightness
brightness
(input) goal laser max scan line spacing (output)

0 0 0 2.00
5 10 20 2.00
10 20 40 2.00
15 30 60 2.00
20 40 80 2.00
25 50 100 2.00
30 60 100 1.67
35 70 100 1.43
40 80 100 1.25
45 90 100 1.11
50 100 100 1.00
55 110 100 0.91
60 120 100 0.83
65 130 100 0.77
70 140 100 0.71
75 150 100 0.67
80 160 100 0.63
85 170 100 0.59
90 180 100 0.56
95 190 100 0.53
100 200 100 0.50

16
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[0042] For a line with maximum brightness of 100, the line spacing would be 0.50 units,
wherein 1.00 units is the line spacing dimension for uniform spacing of the horizontal scan
lines. Thus, a spacing of 0.50 units doubles the effective brightness compared to known
projector operating conditions. For lines with 25 or lower max brightness, the scan line spacing
would be 2.00 and the laser intensity would need to quadruple to compensate for the combined
double scan line height and double brightness goal. Depending on picture content, this profile
may or may not provide a frame total that matches the target total. In cases where the frame
total is insufficient, the picture brightness enhancement would need to be throttled back. In
cases where the frame total is more than needed, the scan line spacing would be decreased
proportionately across the frame. In cither situation, look-up tables with profiles corresponding
to these cases would be used to direct the controller. Note that in this example, the look-up table
provides a scan line spacing output. In an alternative approach, the look-up table would provide
a scan line frequency output.

[0043] Other look-up tables for example can provide an opportunity to effectively enhance
the brightness by 1.25, 1.5, 3, or 4 times that for operating the system using the conventional
non-variable scan rates. For example, other look-up tables could correspond to having 1.25
(brightness goal 125), 1.5 (brightness goal 150), 3 (brightness goal 300), and 4 (brightness goal
400) times enhancement and could have the scan line spacing minimum outputs at 0.80, 0.67,
0.33, and 0.25, respectively. For these other look-up tables, the brightness goal point where the
scan line spacings begin to vary from 2.0 (output) can be at 60 as in the table above or could be
at some other level and the specific values in between the largest scan line spacings and smallest

scan line spacings can be scaled in a similar fashion as that in the table above. The one table
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shown above and the examples are merely illustrative of the concept of using the invention.
Actual look-up tables can include more data and can incorporate different values.

[0044] In sum with regards to this feature of scan modulation, a miniature projector such as
laser micro projector or light emitting diode micro projector is provided that improves
brightness by employing scan velocity modulation of the mirror that scans the beams on the
screen. To increase brightness, the laser beam or light spends more time on screen regions
which are supposed to have higher brightness; consequently, the laser beam spends less time on
screen regions which are supposed to be lower brightness regions. To keep the display height
constant, scan lines which are more closely together are offset with scan lines displayed further
apart. The system can have one mirror as shown in Figure 2 or it can have a plurality of mirrors.
Also, there can be a plurality of lasers cach for a different primary color. Additionally, the
disclosure can be characterized as a method of operating a miniature projector system having
raster scanning mirror or mirrors: receiving an image having a predetermined target brightness
for cach region of the image to project; and raster scanning the image onto a screen with the
mirror or mirrors such that the horizontal scan rate of the mirror is generally inversely
proportional the target brightness for the regions.

[0045] Another characteristic of miniature projectors is the non-uniform scan pattern. This
can often be the result of the concession made to improve brightness.

[0046] Figure 5B shows a view of a serrated raster scan pattern 512 according to the
invention. Figure 5B shows that a serrated scan can produce left and right sweeps that are closer
to parallel than the left and right scan sweeps without serration such as the scan shown in Figure

1A. This can improve both brightness uniformity and resolution uniformity. The serrated scan
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can be accomplished by adding a small amount of wobulation 501 to the baseline vertical scan
profile 502. This wobulation 501 can be the second harmonic of the horizontal-line frequency or
the second harmonic of the horizontal scan profile in Figure 1C. This may be achieved via the
vertical scan modulation signal or through a secondary high frequency transducer coupled to the
micro mirror assembly. This wobulation 501, which can be sinusoidal as shown in Figure 5A ,
can be added to the baseline vertical scan component 502, to produce the resultant serrated
resultant vertical scan pattern 503. This serrated vertical scan component 503 when run with the
horizontal scan component in Figure 1C produces the serrated raster scan 512.

[0047] Figure 6 shows addition example of serrated scanning in which the serration
amplitude is changed by increasing the wobulation 601. This example again shows the use a
second harmonic. The wobulation 601 is added to the baseline vertical scan component 602 to
produce the resultant serrated vertical scan pattern 603. This serrated resultant vertical scan
pattern 603is then run with the horizontal scan component in Figure 1C to produce the serrated
raster scan 612.

[0048] This second feature of the disclosure can be used alone or in conjunction with constant
vertical velocity scanning or variable scanning in order to enhance display uniformity. Figure 7
shows how the second feature can be combined with the variable vertical scan rate, wherein the
vertical scan rate in a first screen location 701 is higher than the vertical scan rate in a second
screen location 702 and the raster scan 712 of the light beams is serrated throughout the scan.
[0049] In sum, the second part of the invention can be characterized as a miniature projector
that improves display/screen uniformity without reducing brightness by employing serrated

raster scan.

19



10

15

20

WO 2012/166536 PCT/US2012/039408

[0050] It should be further pointed out that the second feature and first feature of the
disclosure can be combined to increase brightness and yet maintain uniformity. In other words,
the serration may correct for some of the distortions that may be created by the attempt to
improve brightness by employing the variable scanning methodology.

[0051] Figure 8 represents a flowchart for implementations of the invention. Block 801
represents the step receiving image data of a plurality of frames or subframes to project. Block
802 represents the step of generating multiple light beams 12, 12a, 12b from a source for
projection unto a screen 11. Block 803 is a decision step for selecting whether to implement
serration without scan velocity modulation, to implement serration with scan velocity
modulation, or to implement scan velocity modulation without serration. If serration without
scan velocity modulation is selected than one proceeds to block 807 which involves forming a
horizontal scan profile of Figure 1C to direct the light beams, wherein the horizontal scan
profile comprises cycles having oscillating amplitudes that are substantially parallel to a first
axis (X-axis) and substantially perpendicular to a second axis (Y-axis). A next block 808 can
include forming a cyclic wobulation responsive to the cycles and forming a vertical scan profile
(503) that includes the cyclic wobulation. Block 809 can represent the step of scanning the light
beams 12a according to a wave pattern 512, 612 that is a composite of the vertical scan profile
and the horizontal scan profile to form the image such that the light beams are driven vertically
parallel to the second axis (Y-axis) from a first edgel3a to an ending edge 14a while oscillating
horizontally parallel the first axis (X-axis).

[0052] If scan velocity modulation is selected without serration than one proceeds to block

804. Block 804 represents the step of analyzing the brightness characteristic for the individual
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frames or subframes of the video data, wherein the line brightness detector 401 is employed to
determine the maximum brightness value for each line of video. The next block 805 represents
the analysis and selection of the look-up tables 403 by the controller 405 in which the controller
405 can calculate the temporal characteristics (such as total vertical scan time) and/or spacing
characteristics (e.g. the collective scan line spacings) for scanning the image for the given frame
or subframe associated with employing the specific look-up tables. The line spacing values
associated with the implementation of each look-up table can be summed in sum block 404 to
produce a frame or subframe total value which can also be included in block 805. The next step
is represented by block 806 and includes determining and employing the drive conditions for
the light sources and the vertical and horizontal scan profiles. This step can involve employing
variable scan velocity values in the second axis, assigning scan velocity values that are
responsive to brightness level required for the image data, setting the scan velocity values to be
inversely related to total brightness levels required for complete scan lines that are oriented
along the second axis, and/or configuring the scan lines to be non-uniformly spaced responsive
to brightness levels required for the image data, wherein the image data can comprise n number
of complete frames of video and there are a fixed number of scan lines from one frame to
another frame.

[0053] If scan velocity modulation is selected with serration than one proceeds to block 810.
Block 810 represents the step of analyzing the brightness characteristic for the individual frames
or subframes of the video data, wherein the line brightness detector 401 is employed to
determine the maximum brightness value for each line of video. The next block 811 represents

the analysis and selection of the look-up tables 403 by the controller 405 in which the controller
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405 can calculate the temporal characteristics (such as total vertical scan time) and/or spacing
characteristics (e.g. the collective scan line spacings) for scanning the image for the given frame
or subframe associated with employing the specific look-up tables. The line spacing values
associated with the implementation of each look-up table can be summed in sum block 404 to
produce a frame or subframe total value which can also be included in block 811. The next step
is represented by block 812 and includes determining the drive conditions for the light sources
and the vertical and horizontal scan profiles for desired line spacings. This step can involve
determining desired variable scan velocity values in the second axis, assigning scan velocity
values that are responsive to brightness level required for the image data, having the scan
velocity values to be inversely related to total brightness levels required for complete scan lines
that are oriented along the second axis, and/or configuring the scan lines to be non-uniformly
spaced responsive to brightness levels required for the image data, wherein the image data can
comprise n number of complete frames of video and there are a fixed number of scan lines from
one frame to another frame. The next block 813 is the step that involves forming a horizontal
scan profile to direct the light beams, wherein the horizontal scan profile comprises cycles
having oscillating amplitudes that arc substantially parallel to a first axis (X-axis) and
substantially perpendicular to a second axis (Y-axis). A next block 814 can include forming a
cyclic wobulation responsive to the cycles and forming a vertical scan profile (503) that
includes the cyclic wobulation. Block 815 can represent the step of scanning the light beams
(12a) according to a wave pattern (512, 612) that is a composite of the vertical scan profile and
the horizontal scan profile to form the image such that the light beams are driven vertically

parallel to the second axis (Y-axis) from a first edge (13a) to an ending edge (14a) while
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oscillating horizontally parallel the first axis (X-axis).

[0054] The foregoing illustrates only some of the possibilities for practicing the invention.
Many other embodiments are possible within the scope and spirit of the invention. It is,
therefore, intended that the foregoing description be regarded as illustrative rather than limiting,
and that the scope of the invention is given by the appended claims together with their full range
of equivalents. For example, although many of the features of the invention are described within

the context of miniature projector, the invention is applicable to other projector systems.

23



WO 2012/166536 PCT/US2012/039408

CLAIMS:

1. A method comprising the steps of:
receiving image data for an image to scan;
generating light beams responsive to the image data;

5 forming a horizontal scan profile to direct the light beams, the horizontal scan profile
comprises cycles having oscillating amplitudes that are substantially parallel to a first axis and

substantially perpendicular to a second axis;
forming a cyclic wobulation responsive to the cycles;
forming a vertical scan profile that includes the cyclic wobulation; and

10 scanning the light beams according to a wave pattern that is a composite of the vertical
scan profile and the horizontal scan profile to form the image such that the light beams are driven
vertically parallel to the second axis from a first edge to an ending edge while oscillating

horizontally parallel the first axis.

15 2. The method of claim 1 comprising

generating a baseline vertical scan profile of motion along the second axis as a function

of time;

providing or selecting a cyclic wobulation profile of motion along the second axis versus
time, wherein the cyclic wobulation profile comprises individual wobulation cycles in which one
20  wobulation cycle corresponds to one half of a single wave of a wave pattern and another

wobulation cycle corresponds to a second half of the single wave; and

adding the cyclic wobulation profile to the baseline vertical scan profile to obtain the

vertical scan profile.
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3. The method of claim 2 wherein the bascline vertical scan profile is a linear function.

4. The method of claim 1 wherein the wave pattern comprises a series of single waves and the
single waves comprise a first half having a first half amplitude that oscillating in one direction
along the first axis and a second half having a second half amplitude that oscillates in a second

direction along the first axis that is opposite the one direction.

5. The method of claim 4 wherein the first half and second half of individual single waves are

symmetric about the second axis.

6. The method of claim 5 comprising

providing a bascline vertical scan profile of motion along the second axis as a function of

time;

providing or selecting a cyclic wobulation profile of motion along the second axis versus
time, wherein the cyclic wobulation profiles comprise individual wobulation cycles in which one
wobulation cycle corresponds to the first half of the single wave of the wave pattern and another

wobulation cycle corresponds to the second half of the single wave; and

adding the cyclic wobulation profile to the baseline vertical scan profile to obtain the

vertical scan profile.

7. The method of claim 6 wherein the baseline vertical scan profile is a linear function.
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8. The method of claim 1 comprises adding a second harmonic wave pattern to a baseline
vertical scan profile to make the vertical scan profile, wherein the second harmonic wave pattern

is responsive to the horizontal scan profile.

9. The method of claim 2 comprising incorporating a second harmonic of the horizontal scan

profile into the cyclic wobulation profile.

10. The method of claim 6 wherein the cyclic wobulation profile includes a second harmonic of

the horizontal scan profile.

11. The method of claim 4 wherein complete horizontal sweeps of the light beams on a viewing
surface form scan lines and the scan lines have an average absolute angle with respect to the first
axis that is less than the an average absolute angle with respect to the first axis of scan lines that

would correspond to scanning the beams using the baseline vertical scan profile.

12. The method of claim 2 comprising employing at least three laser beams of different colors to

generate the light beams.

13. The method of claim 2 comprising employing at least three light emitting diodes to generate

the light beams of different colors.

14. The method of claim 12 comprising employing at least one scanning mirror to scan the three

laser beams of different colors to gencrate the light beams.
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15. The method of claim 1 comprising employing a variable scan velocity values in the second

axis.

16. The method of claim 15 comprising assigning scan velocity values that are responsive to

brightness levels required for the image data.

17. The method of claim 15 comprising:

forming scan lines on a viewing surface from complete horizontal sweeps of the light

beams; and

setting the scan velocity values to be inversely related to a total brightness levels required

for complete scan lines that are oriented along the second axis.

18. The method of claim 1 comprising:

forming scan lines on a viewing surface from complete horizontal sweeps of the light

beams; and

assigning scan line spacing values responsive to brightness level required for the image

data.
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19. A miniature projector comprises:
a means for providing at least three different light beams of different color; and
a means for scanning the light beams;

wherein the scanning means is adapted to scan the light beams according to a pattern
from a first edge to an ending edge in the screen to form an image, the pattern being a wave
pattern of scan lines such that amplitudes oscillates along a first axis as the beams progressively

scan along a second axis, the second axis being perpendicular to the first axis, and

wherein the wave pattern is a composite of a vertical scan profile and horizontal scan

profile and the vertical scan profile has a cyclic wobulation corresponding to the amplitudes.

20. The miniature projector of claim 19, wherein the scanning means is adapted to add a second
harmonic wave pattern to a baseline vertical scan profile to make the vertical scan profile,

wherein the second harmonic wave pattern is responsive to the horizontal scan profile.

28



PCT/US2012/039408

WO 2012/166536

/e

L 60D

(

&

)

|

4

G

b

o E O

m wa <yt T

SOy 5
() A

BN,

A

N

=A

g

M. m\ sssin tr AL

et IO
T

T

PRI VTR 1)



PCT/US2012/039408

£
[

o

7 BN

st

% o,

"
\\\\\\\\\\\\.\\\\\\\\\\\\\A\\\\.\\\‘
.~

N

R —

WO 2012/166536

99" ", S H
“% “4, m\
2 Y g
% "%, . 3
% “,, 7 [
% %, H 4
? U, “
% i Py ; ;
z ) ;
% s /i H
’ P P P
’ - ] :
? P ; :
’ Ly i/ i
¢ A i/ ‘
2 i 4 :
Ly Bupneds sul pelEnpoy Buneds ol LHOFUR # “
Y 7 ;
2 o F ;
; e z
M .
002 I
¢

$32IN0S

, {aoy} \‘“
s95e7 \\“ ...... eneasassusns .WN @«N S80S
Y

S

; iase
P
s on

S

. v

Trres, a#”



WO 2012/166536

348

22 P

20

PCT/US2012/039408

(B)

(A

Figure 3



PCT/US2012/039408

WO 2012/166536

0U0Ty
uBog 1EILS S,

4/8

b LTty e

\\ \\
7
/ e
......................... P R S
IOPnEOR St \\\ ““““ Ao
saobiug WHUSA ST swmid oapiA

Al 4

..................................................................................

Yk
sgauiditg T
bl

7 BANEL



WO 2012/166536 PCT/US2012/039408

P ELPS LY R
» 4 L]
& o P, w . LR o 8
B SF Qs § PR
W ¥ ¢ A Sy
o W R N 3 X
Y § X S § 3 § X
§ 3 § 3 § § 13 NRERN
¥ 3 § 3 § § Y 3
§ N § 3
¥
Py,
b o
N
3 § k 3 X N
¥ 3 Y y § § NI Y 9
¥ § X 8§ Ny Xiad Y8 Noxd
N X, L i X%
SAS [ S R = XS w I e s A2
% 3 E 5, & EN Ny Paga®
3,.35“-5 g Vaw T LS x
ST
Pt
& i \ ’{
& & 3 g g
S S N
o e
& R
W N
S o
S 1o
& o
e .
& & N
) & N
o i
o N
S N
G ?
= N
N
N
N
N
N

A OO O OO SO O O SN T S O Sy e
S \\\\\\\\\\\\\\\}\\\\ \\\ S Sy $ & & & Tl R &
RO N O N R e S N N S €

Figure 5



8
CT/US2012/03940
P

66536
2012/1
WO

o
P
(o)

bt “,
fr

i
i

Tos

s
) \\\\\
@
Pl P
S By,
hEPL

Pane

A,

&

2
»SXSSSQ
oo

\\\\\
R
L
*

.

Lx3 -
i,

e A
H
M, 0
4 &
7
s
\\\\\\\\\N§\sﬁ¢*.°
3 k3
LY
,,,,, \\»«\ o
| ",
s
&aﬂﬂ¥$§
E) \\m
= 7 k.
ﬂ@h§§§$
1
ALY
& w\\W,
% e
P

gy
A
% >

ity s

SIS
s
@M\\ﬂ |
5‘ 3 tcorosin
\\\\\\ \\\\\\\Nﬂﬁ.\\\\\\\\\\
"?

g 3N

\\\

",

o

Ty,

o

iy

2
Ve,

Y

Y
27
S

2

iy,

iy
Wy
.

&§§$

\\ Y
3
“
“,
%
5,

\\\\\\\\\

oy,

7
> &MMV
%



PCT/US2012/039408

WO 2012/166536

o3
oo

g ARSI 0008 13
ey,

b P AL

PP I

P tns sy

I,

rirrerre T
p
e e,
vrsir .
“ reoessons,,
s
g
s R s
e,
e
P i -
z.
Helstrttippiriie,
7
Y el
A s EEELLT
e
L
s i,
-
- s
s . st

\Y\\\\i\

Tt

e,
it

iny

i s, e
bR RSO SD

i p R e e
P ras

e gobidcaiitid proosnre T
P

ORI IS o pia
s

[ aingi4



PCT/US2012/039408

WO 2012/166536

L8

HHAOU NYDS TWANOZRIOH

pie
SNOLLIGROD
SARKD GHNY NOLLYINEOM
DIDAD BHA SBANTIONE LVHL

HHL QN 3RS0 NYIS
TYSLLUBA 40 JLISOHNOD
¥ OL SRIGHOIIY ShvEe
LHOT DNINNYIS

DY AR
SN GRS EC NI IR0 Gl
PR LARDT SARD AD NS
Y SN ELE

508

SSINRLHDE MvId
FONVHND LYHL 38YL
di-¥o0T L33738

78

SEINLMDNE

U208 NYOS TWILLMIA
WHO ORY SET0AD 3HL

DHTAD W04

0L ZAIBNOLSSY NOWYINEOM

e
SRS

Big
STANLIIHWY SNUYTHOSO
DMIAVE T UZ0Ud NYDS
| TYANOZRION WO

218

SONIDYLS AN GIMISIC NIVLEO
©L SNOLLIONGD ARG ININEEL30

AN

big

SSANLHORE

H¥Ed SONVHRND LVHL 3TEVL 40-%00T L0318

S

R

ie
SSANLHOME XV ININYALIA

X SNINNILIC

€08

% GOHAIN
NOLLYEUES ON DNINNYOS
IHAS TAOLLHEA
\\\\\\\\
o
&5 ,
NTTNDS ¥ 404 SWVIE LHOIT ONLIVEINTZO b

2 2ANH1

3]

HHAOUd NYDS THANOZIHOH
FHL ONV S04 d NY3S
TYILATIA SO ILUSOLIROD
Y Ol DNIGUOOOY Sikvad

LHOF DNINNYDS

f NOLYINSOM

P OIDAD THL SACMONE LYHL
| 2 HRIOUS NYIS TYOLLNEA
WO OGNV SEIDAD IHL
FAISNOLSIY NOLLVINBOM
STTDAD WHOE

08
x\\\\\t\i\,\\.\\m\ SIANLIHANY DRNILYTHISO
rassieite SNIAVH 3H40Md NYOS
TYLNOZROH WO
BAS OM

INGILYHHMES

108

OFUIA
A0 LIErOUL 0L VLVE DV DNIAIEDEY




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/039408

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4N5/74 HO4N5/262
ADD.

G09G3/02

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

HOAN GO9G

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

AL) 24 June 2004 (2004-06-24)

14, 15

paragraph [0071]
paragraph [0072]
paragraph [0079]
paragraph [0080]
paragraph [0081]
paragraph [0101]
paragraph [0102]
paragraph [0099]
paragraph [0100]
paragraph [0108]
paragraph [0137]
paragraph [0019]
paragraph [0020]

X US 2004/119004 Al (WINE DAVID W [US] ET
Y paragraph [0070]; figures 3, 4a, 4b, 5,

1-14,19,
20
15-18

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

2 November 2012

Date of mailing of the international search report

08/11/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Thieme, Markus

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/039408

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

VEN DEN BRANDT A H J ET AL: "New
plusfactors in an LCD-projector:
homogeneous illumination, quick Tamp
(re-)start, reliable construction, full
resolution NTSC",

PROCEEDINGS OF THE INTERNATIONAL DISPLAY
RESEARCH CONFERENCE. SAN DIEGO, OCT. 15 -
17, 1991; [PROCEEDINGS OF THE
INTERNATIONAL DISPLAY RESEARCH
CONFERENCE], NEW YORK, IEEE, US,

vol. CONF. 11,

15 October 1991 (1991-10-15), pages
151-154, XP010053752,

ISBN: 978-0-7803-0213-6

Section "System design";

figure 2

MASAHIKO TSURUTA ET AL: "AN ADVANCED
HIGH-RESOLUTION, HIGH-BRIGHTNESS LCD COLOR
VIDEO PROJECTOR",

SMPTE - MOTION IMAGING JOURNAL, SOCIETY OF
MOTION PICTURE AND TELEVISION ENGINEERS,
WHITE PLAINS, NY, US,

vol. 101, no. 6, 1 June 1992 (1992-06-01),
pages 399-403, XP000276816,

ISSN: 0036-1682

Section "LCD projector optical system";
figure 1

US 2004/136204 Al (ASAO YASUFUMI [JP])

15 July 2004 (2004-07-15)

paragraph [0084]

US 2010/182668 Al (ABE TAKAAKI [JP] ET AL)
22 July 2010 (2010-07-22)

paragraph [0113] - paragraph [0115]

EP 1 870 766 Al (SAMSUNG ELECTRONICS CO
LTD [KR]) 26 December 2007 (2007-12-26)
paragraph [0063] - paragraph [0067]

1-14,19,
20

1-14,19,
20

15,16,18

15-18

15-18

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




International application No.
INTERNATIONAL SEARCH REPORT PLT/US2012/039408
BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

m No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ US2012/ 039408

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-14, 19, 20

Method and apparatus for projecting images, the special
technical feature alleged to make a contribution over the
prior art being a modulation of the vertical scan signal
according to the horizontal frequency. This special
technical feature solves the problem of overlapping scan
lines and causes the effect of increasing the sharpness of
the projected image.

2. claims: 15-18

Method and apparatus for projecting images, the special
technical feature alleged to make a contribution over the
prior art being dynamically adjusting the scan velocity or
line spacing according to an image brightness. This special
technical feature solves the problem of a limited Tight
intensity of the light source and causes the effect of

increasing the maximum contrast ratio of the projected
image.




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2012/039408
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2004119004 Al 24-06-2004  US RE41375 El 15-06-2010
US 2004119004 Al 24-06-2004
US 2006029295 Al 09-02-2006
US 2007063134 Al 22-03-2007
US 2004136204 Al 15-07-2004  JP 3774715 B2 17-05-2006
JP 2004163915 A 10-06-2004
US 2004136204 Al 15-07-2004
US 2005151940 Al 14-07-2005
US 2010182668 Al 22-07-2010  NONE
EP 1870766 Al 26-12-2007  CN 101093301 A 26-12-2007
EP 1870766 Al 26-12-2007
KR 20070120396 A 24-12-2007
US 2007290966 Al 20-12-2007

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report
	Page 39 - wo-search-report
	Page 40 - wo-search-report
	Page 41 - wo-search-report
	Page 42 - wo-search-report

