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1
METHOD FOR OPERATING A LASER
PROJECTOR TO HAVE A UNIFORM SCAN
PATTERN

TECHNICAL FIELD

This disclosure relates generally to image scanning, and,
more particularly, to scanning methods for use by laser
scanning projectors to provide for a scan pattern that
remains uniform to provide for a consistent display resolu-
tion.

BACKGROUND

Laser scanning projectors constructed from microelectro-
mechanical system (MEMS) components can be relatively
small, and therefore implemented into easily portable
devices such as picoprojectors. These laser scanning pro-
jectors can be used to display fixed or moving video images
on a screen, wall, lens (in the case of a smartglass wearable),
or user’s skin (in the case of a smartwatch wearable). Since
modern digital media is often in a high definition format, it
is desirable for such laser scanning projectors to be capable
of image display in high definition.

In general, MEMS laser scanning projectors function by
optically combining red, green, and blue laser beams to form
an RGB laser beam, and then directing the RGB laser beam
to either a bi-axial mirror, or a set of two uni-axial mirrors
working in tandem, with one of the axes being a fast axis and
the other axis being a slow axis. The mirror or mirrors are
controlled so as to linearly move at a constant rate along a
slow axis, or “scan” the laser in a series of vertically spaced
apart horizontal lines at a rate of speed such that the human
eye perceived a complete image.

However, particularly in the case of laser scanning pro-
jectors, as the keystone angle (the angle between the RGB
laser and normal to the plane of the target when the mirror
or mirrors are at rest) angle increases, when the angle of
incidence of the RGB laser beam on the screen changes as
the scan proceeds through different vertically spaced apart
horizontal lines, the use of a linear scan when the mirror is
actuated at a constant angular speed provides for a non-
uniform scan pattern and a non-constant movement speed of
the beam spot on the target during the scan pattern. This can
be seen in FIG. 1, in which the vertical spacing between the
horizontal lines toward the top of the pattern is greater than
the vertical spacing between horizontal lines toward the
bottom of the pattern.

This results in the image formed having a non-constant
vertical spatial resolution, which worsens image quality. In
addition, this results in uneven image brightness, which
further worsens image quality.

SUMMARY

This summary is provided to introduce a selection of
concepts that are further described below in the detailed
description. This summary is not intended to identify key or
essential features of the claimed subject matter, nor is it
intended to be used as an aid in limiting the scope of the
claimed subject matter.

A device disclosed herein includes a processor configured
to generate values of a mechanical angle for a slow-axis
micro-mirror that scans across a target area in a scan pattern
and to store the values in a lookup table. The processor
generates the values by determining a mechanical angle of
the first micro-mirror for a given instant in time during
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scanning of the first micro-mirror between upper and lower
rotational limits, and storing the mechanical angle in the
lookup table, the mechanical angle being such to maintain
the scan pattern as being uniform while the micro-mirror
apparatus scans across the target area between the upper and
lower rotational limits. These generated values may be
generated in real time during operation by the processor, or
by a specific analog implementation of the functions and
equations described herein.

The processor may determine the mechanical angle as a
function of a distance along a slow axis between a position
of a spot of a beam reflected by the micro-mirror apparatus
onto the target area when the first micro-mirror is at rest and
an upper slow axis limit of the target area, a distance along
the slow axis between position of the spot of the beam
reflected by the micro-mirror apparatus onto the target area
when the first micro-mirror is at rest and a lower slow axis
limit of the target area, and an angle between the beam
reflected by the micro-mirror apparatus onto the target area
when the first micro-mirror is at rest and a vector normal to
the target area.

The processor may further determine the mechanical
angle as a function of the given instant in time and a total
time for the first micro-mirror to sweep from a start angle to
an end angle.

The processor may further determine the mechanical
angle as a function of a ratio between the given instant in
time and a total time for the first micro-mirror to sweep from
a start angle to an end angle.

The processor may determine the mechanical angle as:

cos(K)
1

0(1) = 0.5 arcig|

7 —sin(K)
YHighd + — - (yLow/d - yHigh/d)]

where t is the given instant in time, T is a total time for the
first micro-mirror to sweep from a start angle to an end
angle, yHigh is a distance along a slow axis between a
position of a spot of a beam reflected by the micro-mirror
apparatus onto the target area when the first micro-mirror is
at rest and an upper slow axis limit of the target area, yLow
is a distance along the slow axis between position of the spot
of the beam reflected by the micro-mirror apparatus onto the
target area when the first micro-mirror is at rest and a lower
slow axis limit of the target area, and K is an angle between
the beam reflected by the micro-mirror apparatus onto the
target area when the first micro-mirror is at rest and a vector
normal to the target area.

Also disclosed herein is a device including mirror control
circuitry for controlling a first micro-mirror of a micro-
mirror apparatus that scans across a target area in a scan
pattern. The mirror control circuitry includes a processor
configured to determine a mechanical angle of the first
micro-mirror for a given instant in time during scanning of
the first micro-mirror between upper and lower rotational
limits, with the mechanical angle being such to maintain the
scan pattern as being uniform while the micro-mirror appa-
ratus scans across the target area between the upper and
lower rotational limits.

The processor, or another hardware circuit generates a
driving signal for the first micro-mirror as a function of the
determined mechanical angle for the first micro-mirror at the
given instant in time.
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The processor may determine the mechanical angle as a
function of a distance along a slow axis between a position
of a spot of a beam reflected by the micro-mirror apparatus
onto the target area when the first micro-mirror is at rest and
an upper slow axis limit of the target area, a distance along
the slow axis between position of the spot of the beam
reflected by the micro-mirror apparatus onto the target area
when the first micro-mirror is at rest and a lower slow axis
limit of the target area, and an angle between the beam
reflected by the micro-mirror apparatus onto the target area
when the first micro-mirror is at rest and a vector normal to
the target area.

The processor may further determine the mechanical
angle as a function of the given instant in time and a total
time for the first micro-mirror to sweep from a start angle to
an end angle.

The processor may determine the mechanical angle as a
function of a ratio between the given instant in time and a
total time for the first micro-mirror to sweep from a start
angle to an end angle.

The driving signal for the micro-mirror may be such that
angular velocity of the first micro-mirror varies as the first
micro-mirror scans between upper and lower rotational
limits.

The processor may determine the mechanical angle as:

cos(K)

0(1) = 0.5 = arcig| T

7 —sin(K)
yHighld + - (yLowid - yHigh/d)]

where t is the given instant in time, T is a total time for
the first micro-mirror to sweep from a start angle to an end
angle, yHigh is a distance along a slow axis between a
position of a spot of a beam reflected by the micro-mirror
apparatus onto the target area when the first micro-mirror is
at rest and an upper slow axis limit of the target area, yLow
is a distance along the slow axis between position of the spot
of the beam reflected by the micro-mirror apparatus onto the
target arca when the first micro-mirror is at rest and a lower
slow axis limit of the target area, d is the distance from the
target to the first micro-mirror when the first micro mirror is
at rest and K is an angle between the beam reflected by the
micro-mirror apparatus onto the target area when the first
micro-mirror is at rest and a vector normal to the target area.

The two-dimensional micro-mirror apparatus may scan
across a target area along a fast axis and along the slow axis.
The fast axis may be a horizontal axis and the slow axis may
be a vertical axis. The first micro-mirror may be a quasi-
statically driven by the driving signal.

The two-dimensional micro-mirror apparatus may also
include a second micro-mirror, with the first micro-mirror
being a slow axis micro-mirror and the second micro-mirror
being a fast axis micro-mirror.

Also disclosed herein is a method of projecting an image
onto a target. The method includes generating a beam of
collimated light, and scanning the beam of collimated light
between first and second opposing display area limits on the
target along a fast axis using a fast axis mirror while
scanning the beam of collimated light between third and
fourth opposing display area limits on the target along a slow
axis using a slow axis mirror. The scanning of the beam of
collimated light between the third and fourth opposing
display area limits on the target along the slow axis may be
performed by, at a plurality of instants in time, determining
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a mechanical angle of the slow axis mirror for a given instant
in time of the plurality thereof, the mechanical angle being
such to maintain a scan pattern formed by the scanning of
the beam of collimated light between the first and second
opposing display area limits on the target and the scanning
of the beam of collimated light between the third and fourth
opposing display area limits on the target as being uniform,
and generating a driving signal for the slow axis mirror as a
function of the determined mechanical angle for the slow
axis mirror at the given instant in time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a non-uniform scan pattern resulting from
control of mirrors in a laser scanning projector, with a fast
axis mirror (here, horizontal) being controlled in a resonant
fashion, and a slow axis (here, vertical) being controlled in
a quasi-static linear fashion.

FIG. 2A is a block diagram of a laser scanning projector
on which the control techniques and methods described
herein may be performed.

FIG. 2B is a block diagram of another configuration of
laser scanning projector on which the control techniques and
methods described herein may be performed.

FIG. 3 is a further block diagram of the laser scanning
projector of FIG. 2A in which the mirror control circuitry is
shown.

FIG. 4 is a drawing of the relationship between the laser
scanning projector of FIG. 2A and the target.

FIG. 5 depicts a uniform scan pattern resulting from
control of the slow axis scanning mirror of FIG. 2A accord-
ing to techniques and methods described herein.

DETAILED DESCRIPTION

One or more embodiments of the present disclosure will
be described below. These described embodiments are only
examples of the presently disclosed techniques. Addition-
ally, in an effort to provide a concise description, all features
of an actual implementation may not be described in the
specification.

When introducing elements of various embodiments of
the present disclosure, the articles “a,” “an,” and “the” are
intended to mean that there are one or more of the elements.
The terms “comprising,” “including,” and “having” are
intended to be inclusive and mean that there may be addi-
tional elements other than the listed elements. Additionally,
it should be understood that references to “one embodiment”
or “an embodiment” of the present disclosure are not
intended to be interpreted as excluding the existence of
additional embodiments that also incorporate the recited
features.

Described herein with initial reference to FIG. 2A is a
laser scanning projector 100, such as may be used in a
self-contained pico-projector or a pico-projector unit incor-
porated within a portable device such as a smartphone. The
laser scanning projector 100 includes a red laser 102, green
laser 104, and blue laser 106. These lasers 102, 104, 106 in
operation generate beams of collimated light 103, 105, 107
which are combined by a beam combiner 108 into an RGB
laser or RGB beam of collimated light 109.

A mirror apparatus 110 receives the RGB laser 109 and
reflects it onto a target 120. In greater detail, the mirror
apparatus 110 includes a fast axis mirror 112 receiving the
RGB laser 109 and reflecting it toward a slow axis mirror
114, which in turn reflects it onto the target 120. The fast axis
mirror 112 is controlled to scan the RGB laser 109 between
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set travel limits for the fast axis, and the slow axis mirror 114
is controlled to scan the RGB laser 109 between set travel
limits for the slow axis. The fast axis is typically a horizontal
axis while the slow axis is typically the vertical axis,
although in some cases the converse may be true. A sample
prior art scan pattern produced where a keystone angle is
positive is shown in FIG. 1. As can be seen, the fast axis is
the horizontal axis, while the slow axis is the vertical axis,
and the vertical distance D1 between horizontal lines toward
the top of the vertical axis is greater than the distance D2 in
the middle, which in turn is greater than the distance D3
toward the bottom.

The fast axis mirror 112 may be a resonating mirror, while
the slow axis mirror 114 may be a quasi-static mirror. The
slow axis mirror 114 may be displaced using magnetic,
electro static, or piezoelectric forces. The fast axis mirror
likewise may be displaced using magnetic, electro static, or
piezoelectric forces. In some cases, instead of a separate fast
axis mirror 112 and a separate slow axis mirror 114, a single
biaxial mirror may be used that is driven on both a fast axis
and a slow axis.

In some instances, such as shown in FIG. 2B the laser
scanning device 100 includes a single laser 199, such as an
infrared laser, that emits a laser beam 198 toward a mirror
197, which in turn reflects the laser beam 198 onto the target
120. The mirror 197 is biaxial, and thus is driven on both a
fast axis and a slow axis. In other cases, the mirror 197 may
instead use a mirror apparatus 110 with both a fast axis
mirror 112 and slow axis mirror 114, such as shown in FIG.
2A.

As shown in FIG. 3 viewed in conjunction with FIG. 2A,
mirror control circuitry 116 generates digital control signals
113 for the slow axis mirror 114. The digital control signals
113 are converted to analog signals 123 by digital to analog
converter 117 and then used to drive the slow axis mirror 114
to cause the displacements thereof. In some cases, an
amplifier or current driver may be between the digital to
analog converter 117 and the mirror control circuitry 116. An
amplifier may be used in the case of an electrostatically
actuated mirror and is used to increase the voltage, and a
current driver may be used in the case of a magnetically
actuated mirror.

The Inventors have found that by driving the slow axis
mirror 114 so that the mechanical angle 0,,._,,.0.; thereof
(which will be described in detail below) changes nonlin-
early with respect to time in a specific fashion, the speed of
the beam spot on the target 120 can be maintained as
constant, providing for a uniform scan pattern that has a
uniform resolution along the slow axis and a uniform
brightness along the slow axis. To do this, the mirror control
circuitry 116 continuously, at discrete time intervals, deter-
mines a suitable mechanical angle 0, ;..0q; Of the slow
axis mirror 114 for that given instant in time during scanning
of the slow axis mirror 114 between upper and lower
rotational limits or upper and lower mechanical angles. The
mirror control circuitry 116 then generates the driving signal
113 based upon the determined mechanical angle 6,,,..;.icar

Calculation of these mechanical angles 9,,. s, ,micas 15 NOW
described in detail. First, an angle K, which can be referred
to as a keystone angle of the RGB laser 109, is defined as the
angle between the RGB laser 109 and normal to the plane of
the target 120. Angle S is the start angle of the RGB laser
109, and is chosen as being negative with respect to the rest
position of the slow axis mirror 114. Angle E is the end angle
of the RGB laser 109, as is chosen as being positive with
respect to the rest position of the slow axis mirror 114. The
keystone K is user settable or selectable and thus is received
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as input by the mirror control circuitry 116. Likewise, angles
S and E are user selectable or settable, either directly, or
indirectly through a setting of opening angle (which is E-S),
and thus are also received as input by the mirror control
circuitry. S and E may each be half the opening angle, for
example.

The following description of the calculation of the
mechanical angle 0,,,_;,.,;..; 15 With reference to the key-
stone angle K being positive. A drawing of the relationship
between the laser scanning projector 100 and the target 120
is shown in FIG. 4.

yHigh is the distance on the target 120 between the beam
spot of the RGB laser 109 and the upper limit of the display
area on the target 120, and similarly, yLow is the distance on
the target 120 between the beam spot of the RGB laser 109
and the lower limit of the display area on the target 120.
Assuming the distance d between the laser scanning projec-
tor 100 to be 1 (the unit type is not relevant), and using the
law of sines, yHigh and yLLow can be calculated as follows:

—-yHigh d - yHigh B sin(S)
sin(—S) ~ sin(90 — K +8) ~ d 7 " sinO0-K+S8)
yLow d _ _YLow sin(E)

SnE) S0+ K-B 4 T Sn00+K-E

The distance Y between the point at which the beam spot
would hit the target 120 when at an angle of 0 with normal
to the plane of the target and the present beam spot can be
calculated as follows:

r

y(1) = d - sin(K) [yHigh + =

trace

-(vLow— yHigh)]

r

Y(Yd = sin(K) - [yHigh/d o

trace

-(yLow/d — yHigh/d)]

T, 4cc 18 the total time it takes for the slow axis mirror 114
to move from the start angle S to the end angle E, and t is
an instant in time, which runs starts from zero to T

trace*

When t=0, y(t)=d-sin(K)-yHigh, which is the screen
location when 6=-S (since yHigh is negative because S is
negative and sin(-—s)=-sin(s)).

When t=T,,,.., y(t)=d-sin(K)-yLow.

In order to calculate the angle 9, it should be noted that

during the projection the angle is K-6, so the following
calculation can be used:

Y@
d-cos(K)

tan(K —6) =

r

Tirace

0(1) = K — arcig cos(K)

[sin(K) ~ [yrighta + (yLowld — yHigh/d)]]

Using the trigonometric identity: tan™'(x)+tan™* (y)=tan~
[ Gx+y)/(1-xy)]

r
—sin(K) + [yH o (yL- yH)]
Tirace

sin(K)
(1) = arctg( ] + arctg[

cos(K) cos(K)
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-continued
cos(K)
0(1) = arcig| ;
7 — sin(K)
H (yL-yH
H L=y
cos(K)
Omechanicat(t) = 0.5 -8 = 0.5 - arczg :
i sin(K)
g 1)
Omechanicat(t) = 0.5-0 =
cos(K)
0.5 -arczg| :
sin(S) N —sin(K)
sin(90 — K + §)

4 sin(E) sin(S)
Torace (sin(90 +K—FE) sin90-K + S)]

Once 0, .1umicq; Das been determined, the mirror control
circuitry 116 generates a suitable control signal 113 therefor.
The control signal 113 is generated by first converting
0, ecnanica; 10 @ moment applied to the slow axis mirror 114
using a translation table 121. This moment is determined
according to a voltage and current translation table, which is
derived through a calibration process performed on the slow
axis mirror 114 or is derived analytically.

Instantaneous velocity of the slow axis mirror 114 can be
determined by calculating the time derivative of the
mechanical mirror angle f,,..,umi0qa @ follows:

p _ lK 1 sin(K) yH (yL—yH)
mechanical (1) = 5 K = zarctg((cos(K) - cos(K)] T oK) -t).
Therefore,
1) = d (463
V(1) = 7 ()

Keeping in mind that:

fgx)=(g(x)g'®)
and that:
d -
E(atan(x)) =17

The following can be performed:

£(x) = atan(x)

gx)=a—-bx
B sin(K) yH
~ cos(K) - cos(K)
po LY

" Tirace -c08(K)

1
f(g) = f(gx)g'(x) = (m) (=D

10

20

25

30

35

40

45

50

55

60

65

8

-continued

d
W0 = 200
(yH - yL)
1 Tirace * cOS(K)
2 sin(K)—yH  (yL—yH) 2
( COSK)  Tryaee -cos(K) "]
(yL - yH)
2T race  c08(K)
(sin(K) —yH L=yl _[]2
cos(K) Tirace - c08(K)

It should be noted that the calculations for instantaneous
velocity are shown for explanatory purposes only. They
could be used in the case where the intensity of the RGB
laser 109 is to be varied with respect to mirror speed,
however this is not particularly useful given that the tech-
niques herein already provide for a uniform scan pattern
with a uniform brightness.

The techniques described above provide for a scan pattern
with uniformly spaced horizontal lines, such as shown in
FIG. 5. Here, it can be seen that the vertical distance D1
between horizontal lines toward the top of the vertical axis
is equal to the distance D2 in the middle as well as the
distance D3 toward the bottom.

It should be noted, however, that the scan pattern is
trapezoidal in shape since the keystone is not zero, and that
the horizontal lines decrease in length from the top to the
bottom of the scan pattern. There may also be a pincushion
effect in some cases. Optics, such as lenses, may be used to
correct this trapezoidal scan pattern to a rectangular scan
pattern, or the lasers 102, 104, 106 may be switched on and
off at appropriate times such that the pattern actually formed
by the beam spot is rectangular and not trapezoidal.

Although the above has been described with respect to the
processor or motor control circuitry doing the above calcu-
lations in real time during scanning of the mirror, it should
be understood that in some cases, these calculations may be
performed in advance, with the results stored in a lookup
table for each potential keystone angle. The results may then
be retrieved and used during operation. In this case, the
calculations are still performed by a processor, and still
performed as described above.

While the disclosure has been described with respect to a
limited number of embodiments, those skilled in the art,
having benefit of this disclosure, will appreciate that other
embodiments can be envisioned that do not depart from the
scope of the disclosure as disclosed herein. Accordingly, the
scope of the disclosure shall be limited only by the attached
claims.

The invention claimed is:

1. A device, comprising:

mirror control circuitry for controlling a first micro-mirror

of a micro-mirror apparatus that scans across a target
area in a scan pattern, the mirror control circuitry
comprising:
a processor configured to:
determine a mechanical angle of the first micro-
mirror for a given instant in time during scanning
of the first micro-mirror between upper and lower
rotational limits, the mechanical angle being such
to maintain the scan pattern as being uniform
while the micro-mirror apparatus scans across the
target area between the upper and lower rotational
limits, wherein the mechanical angle is deter-
mined as a function of a distance along a slow-axis
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between a position of a spot of a beam reflected by
the micro-mirror apparatus onto the target area
when the first micro-mirror is at rest and an upper
slow-axis limit of the target area, a distance along
the slow-axis between the position of the spot of
the beam reflected by the micro-mirror apparatus
onto the target area when the first micro-mirror is
at rest and a lower slow-axis limit of the target
area, and an angle between the beam reflected by
the micro-mirror apparatus onto the target area
when the first micro-mirror is at rest and a vector
normal to the target area; and

generate a driving signal for the first micro-mirror as
a function of the determined mechanical angle for
the first micro-mirror at the given instant in time.

2. The device of claim 1, wherein the processor is further
configured to determine the mechanical angle as a function
of the given instant in time and a total time for the first
micro-mirror to sweep from a start angle to an end angle.

3. The device of claim 1, wherein the processor is further
configured to determine the mechanical angle as a function
of a ratio between the given instant in time and a total time
for the first micro-mirror to sweep from a start angle to an
end angle.

4. The device of claim 1, wherein the driving signal for the
first micro-mirror is such that the first micro-mirror has an
angular velocity of the first micro-mirror that varies as the
first micro-mirror scans between upper and lower rotational
limits.

5. The device of claim 1, wherein the micro-mirror
apparatus is configured to scan across the target area along
a fast-axis and along a slow-axis.

6. The device of claim 5, wherein the fast-axis is a
horizontal axis and wherein the slow-axis is a vertical axis.

7. The device of claim 1, wherein the first micro-mirror is
configured to be driven by the driving signal to move
quasi-statically.

8. The device of claim 1, wherein the micro-mirror
apparatus further comprises a second micro-mirror; wherein
the first micro-mirror is a slow-axis micro-mirror; and
wherein the second micro-mirror is a fast-axis micro-mirror.

9. A The device of claim 1, comprising:

mirror control circuitry for controlling a first micro-mirror

of a micro-mirror apparatus that scans across a target
area in a scan pattern, the mirror control circuitry
comprising:
a processor configured to:
determine a mechanical angle of the first micro-
mirror for a given instant in time during scanning
of the first micro-mirror between upper and lower
rotational limits, the mechanical angle being such
to maintain the scan pattern as being uniform
while the micro-mirror apparatus scans across the
target area between the upper and lower rotational
limits; and
generate a driving signal for the first micro-mirror as
a function of the determined mechanical angle for
the first micro-mirror at the given instant in time;
wherein the processor determines the mechanical angle
as:

cos(K)

0(1) = 0.5 = arcig| T

7 —sin(K)
yHighld + - (yLowid - yHigh/d)]
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where 0 is the mechanical angle, t is the given instant in
time, T is a total time for the first micro-mirror to sweep
from a start angle to an end angle, yHigh is a distance along
a slow-axis between a position of a spot of a beam reflected
by the micro-mirror apparatus onto the target area when the
first micro-mirror is at rest and an upper slow-axis limit of
the target area, yLow is a distance along the slow-axis
between the position of the spot of the beam reflected by the
micro-mirror apparatus onto the target area when the first
micro-mirror is at rest and a lower slow-axis limit of the
target area, d is the distance from the target area to the first
micro-mirror when the first micro-mirror is at rest and K is
an angle between the beam reflected by the micro-mirror
apparatus onto the target area when the first micro-mirror is
at rest and a vector normal to the target area.

10. The device of claim 9, wherein the micro-mirror
apparatus is configured to scan across the target area along
a fast-axis and along a slow-axis.

11. The device of claim 10, wherein the fast-axis is a
horizontal axis and wherein the slow-axis is a vertical axis.

12. The device of claim 9, wherein the first micro-mirror
is configured to be driven by the driving signal to move
quasi-statically.

13. The device of claim 9, wherein the micro-mirror
apparatus further comprises a second micro-mirror; wherein
the first micro-mirror is a slow-axis micro-mirror; and
wherein the second micro-mirror is a fast-axis micro-mirror.

14. A method of projecting an image onto a target,
comprising:

generating a beam of collimated light; and

scanning the beam of collimated light between first and

second opposing display area limits on the target along
a fast-axis using a fast-axis mirror while scanning the
beam of collimated light between third and fourth
opposing display area limits on the target along a
slow-axis using a slow-axis mirror;

wherein the scanning of the beam of collimated light

between the third and fourth opposing display area

limits on the target along the slow-axis is performed by,

at a plurality of instants in time:

determining a mechanical angle of the slow-axis mirror
for a given instant in time of the plurality thereof, the
mechanical angle being such to maintain a scan
pattern formed by the scanning of the beam of
collimated light between the first and second oppos-
ing display area limits on the target and the scanning
of the beam of collimated light between the third and
fourth opposing display area limits on the target as
being uniform, the mechanical angle of the slow-axis
mirror being a function of a distance along the
slow-axis between a position of a spot of the beam of
collimated light on the target when the slow-axis
mirror is at rest and the third opposing display area
limit, a distance along the slow-axis between the
position of the spot of the beam of collimated light
on the target when the slow-axis mirror is at rest and
the fourth opposing display area limit, and an angle
between the beam of collimated light when the
slow-axis mirror is at rest and a vector normal to the
target; and

generating a driving signal for the slow-axis mirror as
a function of the determined mechanical angle for
the slow-axis mirror at the given instant in time.

15. The method of claim 14, wherein the mechanical
angle is further determined as a function of the given instant
in time and a total time for the slow-axis mirror to sweep
from a start angle to an end angle.
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16. The method of claim 14, wherein the mechanical
angle is further determined as a function of a ratio between
the given instant in time and a total time for the slow-axis
mirror to sweep from a start angle to an end angle.

17. The method of claim 14, wherein the mechanical
angle is determined as:

cos(K)

0(1) = 0.5 = arcig| T

7 —sin(K)
YHightd + — - (yLowid - yHigh/d)]

where 0 is the mechanical angle, t is the given instant in
time, T is a total time for the slow-axis mirror to sweep from
a start angle to an end angle, yHigh is a distance along the
slow-axis between a position of a spot of the beam of
collimated light on the target when the slow-axis mirror is at
rest and the third opposing display area limit, yLow is a
distance along the slow-axis between the position of the spot
of the beam of collimated light on the target when the
slow-axis mirror is at rest and the fourth opposing display
area limit, d is the distance from the target to the slow-axis
mirror when the slow-axis mirror is at rest and K is an angle
between the beam of collimated light when the slow-axis
mirror is at rest and a vector normal to the target.
18. A device, comprising:
a laser source configured to emit a laser beam;
a fast-axis mirror;
a slow-axis mirror;
a mirror controller configured to:
drive the fast-axis mirror so as to scan the laser beam
between first and second opposing display area limits
on a target along a fast-axis;
drive the slow-axis mirror so as to scan the laser beam
between third and fourth opposing display area limits
on the target along a slow-axis;
at a plurality of instants in time, determine a mechani-
cal angle of the slow-axis mirror for a given instant
in time of the plurality thereof as a function of a
distance along the slow-axis between a position of a
spot of the laser beam on the target when the
slow-axis mirror is at rest and the third opposing
display area limit, a distance along the slow-axis
between the position of the spot of the laser beam on
the target when the slow-axis mirror is at rest and the
fourth opposing display area limit, an angle between
the laser beam when the slow-axis mirror is at rest
and a vector normal to the target, and a ratio between
the given instant in time and a total time for the
slow-axis mirror to sweep from a start angle to an
end angle.
19. The device of claim 18, wherein the mechanical angle
is determined as:

cos(K)

0(1) = 0.5 = arcig| T

7 —sin(K)
yHightd + — - (yLowid — yHigh/d)]

where 0 is the mechanical angle, t is the given instant in
time, T is a total time for the slow-axis mirror to sweep from
a start angle to an end angle, yHigh is a distance along a
slow-axis between a position of a spot of the laser beam
reflected onto the target when the slow-axis mirror is at rest
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and an upper slow-axis limit of the target, yLow is a distance
along the slow-axis between position of the spot of the laser
beam reflected onto the target when the slow-axis mirror is
at rest and a lower slow-axis limit of the target, d is a
distance from the target to the slow-axis mirror when the
slow-axis mirror is at rest, and K is an angle between the
laser beam reflected onto the target when the slow-axis
mirror is at rest and a vector normal to the target.

20. The device of claim 18, wherein the fast-axis mirror
is a resonating mirror.

21. The device of claim 18, wherein the slow-axis mirror
is a quasi-static mirror.

22. The device of claim 18, wherein the driving of the
fast-axis mirror and the slow-axis mirror by the mirror
controller produces a homogenous scan pattern having a
constant display resolution.

23. A device, comprising:

a processor configured to generate values of a mechanical
angle for a slow-axis micro-mirror that scans across a
target area in a scan pattern and to store the values in
a lookup table, the processor to generate the values by:
determining the mechanical angle of the slow-axis

micro-mirror for a given instant in time during
scanning of the slow-axis micro-mirror between
upper and lower rotational limits, and storing the
mechanical angle in the lookup table, the mechanical
angle being such to maintain the scan pattern as
being uniform while the slow-axis micro-mirror
scans across the target area between the upper and
lower rotational limits, the mechanical angle being a
function of a distance along a slow-axis between a
position of a spot of a beam reflected onto the target
area when the slow-axis micro-mirror is at rest and
an upper slow-axis limit of the target area, a distance
along the slow-axis between position of the spot of
the beam reflected onto the target area when the
slow-axis micro-mirror is at rest and a lower slow-
axis limit of the target area, and an angle between the
beam reflected onto the target area when the slow-
axis micro-mirror is at rest and a vector normal to the
target area.

24. The device of claim 23 , wherein the processor further
determines the mechanical angle as a function of the given
instant in time and a total time for the slow-axis micro-
mirror to sweep from a start angle to an end angle.

25. The device of claim 23, wherein the processor further
determines the mechanical angle as a function of a ratio
between the given instant in time and a total time for the
slow-axis micro-mirror to sweep from a start angle to an end
angle.

26. A device, comprising:

a processor configured to generate values of a mechanical
angle for a slow-axis micro-mirror that scans across a
target area in a scan pattern and to store the values in
a lookup table, the processor to generate the values by:

determining the mechanical angle of the slow-axis micro-
mirror for a given instant in time during scanning of the
slow-axis micro-mirror between upper and lower rota-
tional limits, and storing the mechanical angle in the
lookup table, the mechanical angle being such to main-
tain the scan pattern as being uniform while the slow-
axis micro-mirror scans across the target area between
the upper and lower rotational limits, wherein the
processor determines the mechanical angle as:
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cos(K)
1

0(1) = 0.5 = arcig|
—sin(K)

r
yHightd + — - (yLowid — yHigh/d)]

where 0 is the mechanical angle, t is the given instant in
time, T is a total time for the slow-axis micro-mirror to
sweep from a start angle to an end angle, yHigh is a distance
along a slow-axis between a position of a spot of a beam
reflected onto the target area when the slow-axis micro-
mirror is at rest and an upper slow-axis limit of the target
area, yLow is a distance along the slow-axis between
position of the spot of the beam reflected onto the target area
when the slow-axis micro-mirror is at rest and a lower
slow-axis limit of the target area, d is the distance from the
target area to the slow-axis micro-mirror when the slow-axis
micro-mirror is at rest, and K is an angle between the beam
reflected onto the target area when the slow-axis micro-
mirror is at rest and a vector normal to the target area.

27. The device of claim 26, wherein the slow-axis is a
vertical axis.
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