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[GO01IPERSISTENT THREAT DETECTOR WITH AT LEAST TWO MODES OF

OPERATION
{00021 FIELD OF THE INVENTION
{0003] The present invention generally relates to a multifunctional rangefinder and

more specifically, to a multifunctional rangefinder which has a first mode of operation
in which the apparatus operates as a conventional range finder and a second mode
of operation which the apparatus assists with identifying one or more high contrast
{optical) target(s) within a scene or field of view (FOV) or a spatial scanner with a
wavelength synthesizer. The multifunctional rangefinder is preferably incorporated

or formed as part of an optical device such as a pair of binoculars, a scope, a vision

system, elc.
[0004] BACKGROUND OF THE INVENTION
{0005} Many laser rangefinders have been designed and produced for both

commercial and military applications. Military laser rangefinders typically use a
Nd:YAG pulsed laser with a peak power of about 1 million watls and can measure
range to a target up to more than 5 kilometers. More recent versions use Erglass
lasers which have similar performance but operate at an eyesafe wavelength of 1.5
microns. These systems meet military requirements in a8 2 or 3 pound system, but
may be too expensive for many commercial applications. These systems transmit
a single, high peak power puise of about 1 million walls and the range is determined
by measuring the time elapsed between the laser pulse and the received light which
is reflected by the desired target. The determined range is then displayed digitaily
by a viewfinder.

160086} There is now a requirement for lightweight, relative low cost, eyesafe laser
rangefinders which will operate and determine a range of a target of at least 1000
meters. These requirements can be met with laser diodes which are low cost and

more efficient.

{0007} SUMMARY OF THE INVENTION
10008} Wherefore, it is an object of the present invention to overcome the above

mentioned shortcomings and drawbacks associated with the prior art.
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[0009] Ancther object of the present invention is to provide a multifunctional
rangefinder which has at least two modes of operation and during the first mode of
operation, the apparalus operates as a conventional range finder, while during a
second mode of operation, the apparatus can identify one or more high contrast
target(s) within a scene or field of view (FOV) of the apparatus.

(0010} A further object of the present invention is 1o combine a variety of different
components into a single apparatus in order to reduce the associated manufacturing
and production costs.

(0011} Yet another object of the present invention is to radiate and scan a scene or
field of view for detecting one or more high contrast (optical) target(s) substantially
without any moving components in a volurme which is less than 10 inches cubed.

10012] Still another object of the invention is to provide a multifunctional rangefinder
which is capable of simultaneously processing reflected laser pulses, from two or
more high contrast targets, at the same time and thereby facilifate fine spacial
tracking of each high contrast target.

10013} A further object of the invention is to provide a multifunctional rangefinder
which utiizes a medium lever laser, e.g., 50 Kwatts with a 4 nanosecond pulse at
1KHz, which is capable of scanning the desired field of view.

10014} Yet another object of the invention is to provide a multifunctional rangefinder
being able to function as a rangefinder and having at least one additional function,
the multifunctional rangefinder comprising: a laser transmitter for fransmitling a
laser pulse at least one high contrast target; an object lens, located at aninlet of the
multifunctional rangefinder, for capturing light reflected by the desired at least ong
high contrast target and focusing the reflected light at a first digital micro-mirror
device, and the first digital micro-mirror device having a plurality of micro-mirrors,
and each of the plurality of micro-mirrors having an on position and an off position;
a single detector element for receiving light reflected by the plurality of micro-mirrors
of the first digital micro-mirror device; an optical condenser arrangement located
between the first digital micro-mirror device and the single detector element; and an
analog/digital converter coupled to the single detector element for processing signals

detected by the single detector element.
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(0015] Yet another object of the invention is to provide a method of operation a
multifunctional rangefinder so as to be able to function in two distinct modes of
operation, the method comprising: a fransmitting a laser pulse at a target via a laser
transmitter; capturing, via an object lens, at an inlet of the multifunctional
rangefinder, light reflected by the desired target and focusing the reflected light at
a first digital micro-mirror device with the first digital micro-mirror device comprising
a plurality of micro-mirrors, and each of the plurality of micro-mirrors having an on
position and an off position; receiving light reflectad by the plurality of micro-mirrors
of the first digital micro-mirrar device via a single detector element; locating an
optical condenser arrangement between the first digital micro-mirror device and the
single detector element; and processing signals detected by the single detector

element via an analog/digital converter coupled to the single detector element.

[0018] BRIEF DESCRIPTION OF THE DRAWINGS

{00171 The accompanying drawings, which are incorporated in and constitute a part
of the specification, illustrate various embodiments of the invention and together with
the general description of the invention given above and the detailed description of
the drawings given below, serve to explain the principles of the invention. The
invention will now be described, by way of example, with reference to the
accompanying drawings in which:

{0018} Fig. 1 is a diagrammatic illustration showing a first embodiment of the
multifunctional rangefinder which is able to function both as a conventional
rangefinder and a spatial scanner for locating a pulse train within a field of view;

{0019} Fig. 2 is a diagrammatic illustration showing a scene being viewed by the
multifunctional rangefinder, according {o the present invention, with a high contrast
target located within the scene;

[0020] Fig. 3A is a diagrammatic illustration showing all of the micro-mirrors of the
first digital micro-mirror device oriented in an "on” position for reflecting all of the
captured the light toward the single detector element;

{0021} Fig. 3B is a diagrammatic lllustration showing a top horizontal half of the
micro-mirrors of the first digital micro-mirror device oriented in an “on” position for

reflecting light;
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(0022} Fig. 3Cis a diagrammatic illustration showing a right vertical side of the micro-
mirrors of the first digital micro-mirror device oriented in an on” position for reflecting
fight;

{0023} Fig. 3D is a diagrammatic illustration showing first and third horizontal
sections of the micro-mirrors of the first digital micro-mirror device oriented inan “on”
position for reflecting light;

{0024] Fig. 3E is a diagrammatic illustration showing second and fourth vertical
sections of the micro-mirrors of the first digital micro-mirror device oriented inan "on”
position for reflecting light;

10025} Fig. 3F is a diagrammatic illustration showing first, third, fifth and seventh
horizontal sections of the micro-mirrors of the first digital micro-mirror device
oriented in an "on” position for reflecting light;

10026} Fig. 3G is a diagrammatic ilustration showing second, fourth, sixth and eighth
vertical sections of the micro-mirrors of the first digital micro-mirror device oriented
in an "on” position for reflecting light;

{00271 Fig. 3H is a diagrammatic illustration showing first, third, fifth, seventh, ninth,
sleventh, thirteenth and fifteenth horizontal sections of the micro-mirrors of the first
digital micro-mirror device oriented in an "on” position for reflecting light;

10028] Fig. 3l is a diagrammatic illustration showing second, fourth, sixth, sighth,
tenth, twelfth, fourteanth and sixteenth vertical sections of the first digital micro-
mirror device oriented in an “on” position for reflecting light;

10029} Fig. 3J is a diagrammatic illustration showing first, third, fifth, seventh, ninth,
agleventh, thirteenth, fifteenth, seventeenth, ninsteenth, twenty first, twenty third,
twenty fifth, twenty seventh, twenty ninth, and thirly first horizontal sections of the
micro-mirrors of the first digital micro-mirror device oriented in an “on” position for
reflecting light;

10030] Fig. 3K is a diagrammatic illustration showing second, fourth, sixth, eighth,
tenth, twelfth, fourteenth, sixteenth, eighteenth, twentieth, twenly second, twenty
fourth, twenty sixth, twenty eighth, thirtieth and thirly second vertical sections of the
first digital micro-mirror device oriented in an “on” position for reflacting light;

(00311 Fig. 3L is a diagrammatic ilustration showing first, third, fifth, seventh, ninth,

gleventh, thirteenth, fifteenth, seventeenth, nineteenth, twenty first, twenty third,
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twenty fifth, twenty seventh, twenty ninth, thirty first, thirty third, thirty fifth, thirly
seventh, thirty ninth, forty first, forty third, forty fifth, forty seventh, forty ninth, fifty
first, fifty third, fifty fifth, fifty seventh, fifty ninth, sixty first and sixty third horizontal
sections of the micro-mirrars of the first digital micro-mirror device oriented inan “on”
position for reflecting light;

10032} Fig. 3M is a diagrammatic illustration showing second, fourth, sixth, eighth,
tenth, twelfth, fourteenth, sixteenth, eighteenth, twentieth, twenty second, twenty
fourth, twenty sixth, twenty eighth, thirtieth, thirty second, thirty fourth, thirty sixth,
thirty eighth, fortieth, forty second, forty fourth, forty sixth, forty eighth, fiftieth, fifty
second, fifty fourth, fifty sixth, fifty eighth, sixtieth, sixty second and sixty fourth
vertical sections of the first digital micro-mirror device oriented in an "on” position for
reflecting light;

{0033} Fig. 3N is a diagrammatic llustration showing the cross-hairs, of the
multifunctional rangefinder, positioned coincident with the detected high contrast
target located within the scene being viewed by the multifunctional rangefinder;

{0034] Fig. 4 is a diagrammatic illustration showing a second embodiment of the
muftifunctional rangefinder with an adjustable limiting aperture to assist with
calibrating the cross-hairs of the multifunctional rangefinder,

[0035] Fig. 4A is a diagrammatic ilustration showing the location of the reflected
laser beam from the high contrast target as defected by the digital micro-mirror
device;

{00361 Fig. 4B is a diagrammatic illustration showing of an initial location of a limiting
aperture which is coincident with the current location of the cross hairs of the
multifunctional rangefinder;

10037] Fig. 4C is a diagrammatic illustration showing movement of the array of
micro-mirrors, forming the limiting aperiure, upward by a single one row of micro-
mirrors during calibration of the cross hairs of the multifunctional rangefinder;

[0038] Fig. 4D is a diagrammatic llustration showing further movement of the array
of micro-mirrors, forming the limiting aperture, upward by another single row of
micro-mirrors during calibration of the cross hairs of the multifunctional rangefinder;

[0038] Fig. 4F is a diagrammatic illustration showing movement of the array of micro-

mirrors, forming the limiting aperture, in the right hand direction by a single row of
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micro-mirrors toward the right during calibration of the cross hairs of the
multifunctional rangefinder,

(0040} Fig. 4F is a diagrammatic illustration showing movement of the array of micro-
mirrors, forming the limiting aperture, in the left hand direction by a single row of
micro-mirrors from the position shown in Fig. 4C during calibration of the cross hairs
of the multifunctional rangefinder to be coincident with the reflected laser beam from
the high conirast target;

10041] Fig. 4G is a diagrammatic illustration showing an enlarged array of micro-
mirrors, forming an initial imiting aperture, for calibrating the cross hairs of the
multifunctional rangefinder when substantially no light was detected by the single
detector element;

(00421 Figs. 5A-5H are diagrammatic illusirations showing a second technigue or
process of elimination of the micro-mirrors in order to determine which micro-mirror,
or relatively small group of micro-mirrors, is receiving and reflecting the light from the
high conirast target(s); and

100431 Fig. 8 is a diagrammatic llustration showing a third embodiment of the
multifunctional rangefinder which is able to funclion both as a conventional
rangefinder and a spatial scanner with a wavelength synthesizer,

{0044} Fig. 8Ais a diagrammatic illustration showing how the first digital micro-mirror
device can be partitioned or sectioned into twenty five equal sections;

[0045] Fig. 6B is a diagrammatic #llusiration showing how the second digital micro-
mirror device can be partitioned or sectioned into a plurality of generally equal lateral
segmenis; and

10046] Fig. 7 is a diagrammatic illustration showing a scene being viewed by the
multifunctional rangefinder, according to the present invention, with three high
contrast targets, at different ranges, located within the scene;

{00471 Fig. 8A is a diagrammatic illustration showing all of the micro-mirrors of the
first digital micro-mirror device oriented in an “on” position for reflecting all of the
captured the light from the three high contrast targets toward the single detector

slement;

e
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10048} Fig. 8B is a diagrammatic illustration showing a top horizontal half of the
micro-mirrars of the first digital micro-mirror device oriented in an "on” position for
reflecting fight;

100481 Fig. 8C is a diagrammatic illustration showing a right vertical side of the micro-
mirrors of the first digital micro-mirror device oriented in an “on” position for reflecting
fight;

[0050] Fig. 8D is a diagrammatic Hlustration showing first and third horizontal
sections of the micro-mirrors of the first digital micro-mirror device oriented inanon”
position for reflecting light;

{0051} Fig. 8E is a diagrammatic illustration showing second and fourth vertical
sections of the micro-mirrors of the first digital micro-mirror device orientad inan "on”
position for reflecting light;

[0052] Fig. 8F is a diagrammatic illustration showing first, third, fifth and seventh
horizontal sections of the micro-mirrors of the first digital micro-mirror device
oriented in an “on” position for reflecting light;

[0053] Fig. BG is a diagrammatic illustration showing second, fourth, sixth and eighth
vertical sections of the micro-mirrors of the first digital micro-mirror device oriented
in an “on” position for reflecting light;

100541 Fig. 8H is a disgrammatic illustration showing first, third, fifth, seventh, ninth,
sleventh, thirteenth and fifteenth horizontal sections of the micro-mirrors of the first
digital micro-mirror device oriented in an “on” position for reflecting light;

10055] Fig. 81 is a diagrammatic illustration showing second, fourth, sixth, eighth,
tenth, twelfth, fourteenth and sixteenth vertical sections of the first digital micro-
mirror device orientad in an “on” position for reflecting light;

[0056] Fig. 8J is a diagrammatic illustration showing first, third, fifth, seventh, ninth,
eleventh, thirteenth, fifteenth, saventeenth, nineteenth, twenty first, twenty third,
twenty fifth, twenty seventh, twenty ninth, and thirty first horizontal sections of the
micro-mirrors of the first digital micro-mirror device oriented in an “on” position for
reflecting light;

10057] Fig. 8K is a diagrammatic iilustration showing second, fourth, sixth, eighth,

tenth, twelfth, fourteenth, sixieenth, eighteenth, twentieth, twenty second, twenty
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fourth, twenty sixth, twenty eighth, thirtisth and thirly second vertical sections of the
first digital micro-mirror device oriented in an “on” position for reflecting light;

{0058] Fig. 8L is a diagrammatic llustration showing first, third, fifth, seventh, ninth,
gleventh, thirteenth, fifteenth, seventeenth, nineteenth, twenty first, twenty third,
twenty fifth, twenty seventh, twenty ninth, thirty first, thirty third, thirty fifth, thirty
seventh, thirty ninth, forty first, forty third, forty fifth, forly seventh, forty ninth, fifty
first, fifty third, fifty fifth, fifty seventh, fifty ninth, sixty first and sty third horizontal
sections of the micro-mirrors of the first digital micro-mirror device oriented in an “on”
position for reflecting light;

{0059] Fig. 8M is a diagrammatic illustration showing second, fourth, sixth, eighth,
tenth, twelfth, fourteenth, sixteenth, sighteenth, twentieth, twenty second, twenty
fourth, twenty sixth, twenty eighth, thirtieth, thirty second, thirty fourth, thirty sixth,
thirty eighth, fortieth, forty second, forty fourth, forty sixth, forty sighth, fiftieth, fifty
second, fifty fourth, fifty sixth, fifty eighth, sixtieth, sixty second and sixty fourth
vertical sections of the first digital micro-mirror device oriented in an “on” position for
reflecting light;

100601 Fig. 8N is a diagrammatic illustration showing three sets of cross-hairs, of the
muttifunctional rangefinder, positioned coincident with each of the detected three
high contrast fargets located within the scene being viewed by the multifunctional
rangefinder.

(00613 it should be understood that the drawings are not necessarily to scale and
that the disclosed embodiments are sometimes illustrated diagrammatical and in
partial views. In certain instances, detalls which are not necessary for an
understanding of this disclosure or which render other details difficult to perceive
may have been omitted. it should be understood, of course, that this disclosure is

not fimited to the particular embodiments dllustrated herain.

[0062] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
{00631 The present invention will be understood by reference to the following detailed
description, which should be read in conjunction with the appended drawings. ltis

to be appreciated that the following detailed description of various embodiments is

8.



WO 2017/197250 PCT/US2017/032383

by way of example only and is not meant to limit, in any way, the scope of the
present invention.

100641 Turning now to Fig. 1, a brief description concerning the various components
of the present invention will now be briefly discussed. As can be seen in this
embodiment, the present invention relates to a multifunclional rangefinder 2.
According to this embodiment, the multifunctional rangefinder 2 is equipped, in
addition to being able to function as a conventional rangefinder, with a spatial
scanner for locating a pulse train within a field of view (FOV).

10065] As shown in this figure, the multifunctional rangefinder 2 includes a
rangefinder housing H and has a first mode of operation which includes a laser
fransmitter 4 (for a laser rangefinder LRF) which is designed to transmit a laser
pulse 6 at a desired target 8. As the transmitted laser pulse 6 propagates toward the
desired target 8 (See Fig. 2), the transmitied laser puise 6 will strike and be reflected
back by the desired target 8 toward the multifunctional rangefinder 2. The
muitifunctional rangefinder 2 includes an object lens 10 which is located at an inlet
12 of the multifunctional rangefinder 2 for capturing the reflected light and imaging
the reflected light at a (first) digital micro-mirror device 14, such as one
manufactured by Texas Instruments as mode!l no. DLP201ONIR. During the first
maode of operation, all of micro-mirrors 18 of the digital micro-mirror device 14 are
arranged to reflect all of the imaged light toward a single detector element 18, and
a further discussion concerning reflection of the imaged light toward the single
detector element 18 will be provided below. An optical condenser arrangement 20,
&.g., a pair of condensing lenses according in this embodiment, is arranged to focus
the light reflected by the digital micro-mirror device 14 at the single detector element
18.

10066} The single detector element 18 then receives and detects the imaged light,
in a conventional manner, and, depending upon the detected results of the imaged
light, transmits a signals corresponding of the detected image to an analog/digital
converter (A/D) 22, where the signals are processed, in a conventional manner, to
determing the distance that the desired target 8 is from the multifunctional
rangefinder 2, and that information is then displayed on a screen or some other

display D of the multifunctional rangefinder 2 to the operator.
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(00671 The multifunctional rangefinder 2 is equipped, in addition {0 being able 1o
function as a conventional rangefinder, with a spatial scanner mode for locating a
pulse tfrain within a field of view (FOV). As shown in this figure, the multifunctional
rangefinder 2 also includes a (movabile) dispersing lens 24 which has both an active
and an inactive position. When the dispersing lens 24 is in an inactive position, the
mutftifunctional rangefinder 2 functions as a conventional rangefinder and the
dispersing lens 24 permits the transmitted laser pulse § o pass thereby without
affecting/dispersing the emitted laser puise 8. When the dispersing lens 24 is in an
active mode or position, the fransmitted laser puise 8 pass through the dispersing
lens 24 which spreads or disperses the fransmitled laser pulse 6 throughout the
entire scene 26 (see Fig. 2) being observed by the multifunctional rangefinder 2.
Preferably, the dispersing lens 24 spreads and disperses the laserpulse 6 so as io
have a field of view of approximately 4 to 6 degrees or so that the entire scene 26
is liluminated by the transmitted laser pulse 6.

0068} As the transmitied laser pulse § propagates toward the scene 26, the
transmitted laser pulse 8 will stikke and be reflected hack by any high contrast
target(s) 8, e.g., an optical system, located within the field of view or scene 26,
toward the multifunctional rangefinder 2. If the transmitted laser pulse 6 sirikes any
non-high contrast target(s), located within the field of view or scene 26, such non-
high contrast target(s) does not reflect the emilled laser back toward the
multifunctional rangefinder 2, L.e., such non-high contrast target(s) do not have the
desired {e.g., optical} signature. The object lans 10 of the multifunctional
rangefinder 2 captures the reflected light and, thereafter, images the reflected light
toward a digital micro-mirror device 14. The micro-mirrors 16 of the digital micro-
mirror device 14 are all arranged to raflect all of the imaged light toward the optical
condenser arrangement 20 and the single detector element 18. The single detsctor
alement 18 then receives and detects the imaged light, in a conventional manner,
and, depending upon the detected results of the imaged hight, transmits signais
corresponding of the detected image to an analog/digital converter A/D 22, where
the signals are processad and oulputted, as discussed below in further detail.

3069] During typical operation of the multifunctional rangefinder 2, an operator will

aim the multifunctional rangefinder 2 at a desired scene 26 and then aclivate or

10~
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depress a button B to initiate transmission of a single pulsed laser §, which passes
through the dispersing lens 24 (which is located in its active position), and is then
propagated toward the desired scene 26 in an attempt to detenmine whether or not
any high contrast target(s) 8 is located within the scene 26 being viewed. in the
event that the single detector element 18 does not observe any high contrast
target{s) 8 within the scene 26, either nothing or possibly a negative indication is
generated by the microprocessor 36 and displayed or indicated by the
multifunctional rangefinder 2, e.g., on a viewing screen or some other display D {not
shown), to the coperator. Thereafler, the operator can then reposition the
multifunctional rangefinder 2 toward ancther desired scene 26 and repeat the gbove
process {o determine whether or not the single detector element 18 observes any
high contrast target(s) 8 located within this new scene 26. This process is repeated
unti! the single detector element 18 of the multifunctional rangefinder 2 detects that
there is at least one high contrast target(s) & which is located within the scene 26
being viewad by the multifunctional rangefinder 2.

[0070] If the multifunctional rangefinder 2 determines that at least one high contrast
target{s) 8 is located within the scene 26 being viewead by the multifunctional
rangefinder 2 (see Fig. 2 for exampile}, the microprocessor 36 of the multifunctional
rangefinder 2 then causes the laser transmitter 4 {o fransmits the initial laser puise
6 back toward the same viewed scene 286 and this initial pulse is immediately
followed by an additional 12 sequential laser pulses &', ", 8", 8", ™", 8", g™,
grome g g grmnee gt as shown in Fig. 1. Each one of these 13 sequential
laser pulses generally has the same magnitude and duration, e.g., 5 KHz puise
having a pulse burst duration of 2.6 milliseconds, and sach laser pulse 6 is
preferably equally spaced apart from one ancther in time, e.q., spaced apart from
one another by 0.2-0.3 milliseconds or so. Each one of these 13 sequential laser
pulses 8, &', 8", g™, g™ gmr g g, g grerogr g, gttt g
sequentially dispersed by the dispersing lens 24 and directed at the scene 26 which
contains one or more high contrast targel(s) 8 therein.

10071} As each one of these 13 individual laser pulses 6 propagates foward and
strikes against the one or more high conirast target(s) 8, each one of these 13

individua! laser pulses 8 is then seguentiaily reflected, by each high contrast

“1l-
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target(s) 8 located within the scene 26, back along an optical axis A of object lens
10 toward the multifunctional rangefinder 2 as reflected laserpulses 8,6', 6",6™, 6",
grn, g g g g gitrr gt gvtet - Ag shown in Fig. 1, the reflected
light, from each high contrast target(s) 8, then sequentially enters the object lens 10
of the multifunctional rangefinder 2 and each laser pulse §, &', 8", 6™, 6™, 8", 6",
greme g g g g gt g sequentially focused by the object lens 10
at the plurality of micro-mirrors 16 of the (first) digital micro-mirror device 14, The
{first) digital micro-mirror device 14 may, for example comprise an array of between
840 to 1920 micro-mirrors arranged along a first axis and between 480 to 1080
micro-mirrors arranged along a second axis extending perpendicular to the first axis.
As the first laser pulse 6 strikes against the plurality of micro-mirrors 18 of the digital
micro-mirror device 14, all of the micro-mirrors 16 are arranged in the “on” position,
generally shown as reference numeral 168" in Fig. 3A, so that all of the light, from the
first initial laser pulse 6, is reflected by the micro-mirrors 16 of the first digital micro-
mirror device 14 toward the condenser arrangement 20 and the single detector
glement 18 for detection and processing, as discussed below in further detail.

16072] Before the reflected second laser pulse 8' enters and is focused by the object
lens 10 toward the digital micro-mirror device 14, the microprocessor 36 changes the
positions of the micro-mirrors 16 so that the micro-mirrors 16 are now arranged in
a second pattern, as shown in Fig. 3B, Thatis, a first half of the micro-mirrors 16 of
the digital micro-mirror device 14, Le., the top horizontal half of the micro-mirrors 16
are remain in the “on” position, generally shown as reference numeral 18, while a
bottorm horizontal half of the micro-mirrors 16 are all switched into the “off” position,
generally shown as reference numeral 168", Accordingly, only the top first half of the
micro-mirrors 16, which are arranged in the “on” position, are able to reflect the
second laser pulse & toward the single detector element 18 for detection and
processing while the remaining mirco-mirrors, which are all arranged in the "off”
position, reflect the light toward a light trap 28 and thus are unabile to reflect the
second laser pulse 6 toward the condenser arrangement 20 and the single detector
element 18 for detection.

[0073] Before the reflected third laser pulse 6" enters the object lens 10 and is

focused toward the digital micro-mirror device 14, the microprocessor 38 again
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changes the positions of the micro-mirrors 16 so that the micro-mirrors 16 are now
arranged in a third pattern, as shown in Fig. 3C. That is, a first half of the micro-
mirrors 16 of the digital micro-mirrer device 14, Le., the vertical left half of the micro-
mirrors 16 are all switched into the “off” position, generally shown as reference
numeral 18", while the vertical right side half of the micro-mirrors 16 are all switched
irto the “on” position, generally shown as reference numeral 16 Accordingly, only
the right side half of the micro-mirrors 16, which are all arranged in the "on” position,
are able to reflect the third laser pulse 6" toward the single detector element 18 for
detection and processing while the remaining mirco-mirrors, which are arranged in
the "off” position, reflect the light toward a light trap 28 and thus are unable o reflect
the third laser pulse 8" toward the condenser arrangement 20 and the single
detector element 18 for detection.

{0074} Before the reflected fourth laser pulse 8" enters and is focused by the object
lens 10 toward the digital micro-mirror device 14, the microprocessor 36 again
changes the positions of the micro-mirrors 18 so that the micro-mirrors 16 are now
arranged in a fourth pattern, as shown in Fig. 3D. However, according to this
pattern, the digital micro-mirror device 14 is divided into four equal horizonial
sactions with the micro-mirrors 16 of the first and the third horizontal sections all
arranged in the “on” position, generally shown as reference numeral 16', while the
second and fourth horizontal sections are all arranged in the "off” position, generally
shown as reference numeral 16", As a result, only the micro-mirrors 16 which are
arranged in the “on” position, i.e., the first and the third horizontal sections, are able
to reflect the fourth laser pulse 8" toward the single detector elemant 18 for
detection and processing while the remaining mirco-mirrors, which are all arranged
in the “off” position, i.e., the second and the fourth horizontal sections, reflect the
fight toward the light trap 28 and thus are unable {o reflect the fourth laser puise 8"
toward the condenser arrangemernt 20 and the single detector element 18 for
detection and processing.

[0075] Before the reflected fifth laser pulse 6™ is focused by the object lens 10
toward the digital micro-mirror device 14, the microprocessor 36 again changes the
positions of the micro-mirrors 16 so that the micro-mirrors 16 are now arrangsd in

a fifth pattern, as shown in Fig. 3E. However, according 1o this pattern, the digital
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micro-mirror device 14 is divided into four equal vertical sections with the micro-
mirrors 16 of the second and the fourth vertical sections all arranged in the “on”
vosition, genarally shown as reference numeral 16, while the first and third vertical
sections are all arranged in the “off” position, generally shown as reference numeral
18", As a result, only the first half of the micro-mirrors 18, which are arranged in the
“on” position, i.e., the second and the fourth vertical sections, are able to reflect the
fifth laser puise 8" toward the single detector slement 18 for detection and
processing while the remaining mirco-mirrors, which are arranged in the “off’
position, L.e., the first and the third vertical sections, reflact the light toward the light
trap 28 and thus are unable to reflect the first laser pulse 8" toward the condenser
arrangement 20 and the single detector element 18 for detection and processing.

[0076] Before the reflected sixth laser pulse 8" is focusad by the object lens 10
toward the digital micro-mirror device 14, the microprocessor 36 again changes the
positions of the micro-mirrors 16 so that the micro-mirrors 16 are now arranged in
a sixth pattern, as shown in Fig. 3F. However, according to this pattern, the digital
micro-mirror device 14 is divided into eight equal horizontal sections with the micro-
mirrars 16 of the first, third, fifth and seventh horizontal sections all arranged in the
“on” position, generally shown as reference numeral 16, while the micro-mirrors 16
of the second, fourth, sixth and eight horizontal sections are all arranged in the “off”
position, generally shown as reference numeral 168", As a result, only the first half
of the micro-mirrors 18 which are arranged in the “on” position, i.e, the first, third,
fifth and seventh horizontal sections, are able to reflect the sixth laser pulse g™
toward the single detector slemeant 18 for processing while the remaining mirco-
mirrors which are arranged in the "off” position, i.e., the second, fourth, sixth and
eighth horizontal sections, reflect the light toward the light trap 28 and thus are
unable to reflect the sixth laser pulse 8™ {foward the condenser arrangement 20 and
the single detector element 18 for detection.

{0077} Before the reflected seventh laser pulse 8" is focused by the objectlens 10
toward the digital micro-mirror device 14, the microprocessor 36 again changes the
positions of the micro-mirrors 16 so that the micro-mirrors 16 are now arranged in
a seventh pattern as shown in Fig. 3G, However, according to this pattern, the

digital micro-mirror device 14 is divided into eight equal vertical sections with the
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micro-mirrors 16 of the second, fourth, sixth and eighth vertical sections all arranged
in the "on” position, generally shown as reference numeral 16", while the micro-
mirrors 16 of the first, third, sixth and seventh vertical sections are all arrangadin the
“off” position, generally shown as reference numeral 167, As a result, only the first
half of the micro-mirrors 16 which are arranged in the "on’ position, i.e., the second,
fourth, sixth and eighth vertical sections, are able to reflect the seventh |aser pulse
8" toward the single detector element 18 for detection and processing while the
remaining mirco-mirrors which are arranged in the “off” position, i.e., the first, third,
fifth and seventh vertical sections, reflect the light toward the light trap 28 and thus
are unable to reflect the seventh laser pulse 87" toward the condenser arrangement
20 and the single detector element 18 for detection and processing.

100738} Before the reflected sighth laser pulse 8" enters and is focused by the
objectlens 10 toward the digital micro-mirror device 14, the microprocessor 36 again
changes the positions of the micro-mirrors 16 so that the micro-mirrors 16 are now
arranged in an sighth pattern as shown in Fig. 3H. However, according to this
paitern, the digital micro-mirror device 14 is divided into sixteen equal horizontal
sections with the micro-mirrors 18 of the first, third, fifth, seventh, ninth, eleventh,
thirteenth and fifteenth horizontal sections all arranged in the “on” position, generally
shown as reference numeral 168°, while the micro-mirrors 18 of the second, fourth,
sixth, eighth, tenth, twelfth, fourteenth and sixteenth horizontal sections are all
arranged in the “off” position, generally shown as reference numeral 18", As a
rgsult, only the first half of the micro-mirrors 16 which are arranged in the “on”
position, i.e., the first, third, fifth, seventh, ninth, eleventh, thirteenth and fifteenth
hotizontal sections are able to reflect the eighth laser pulse 6" toward the single
detector element 18 for detection and processing while the remaining mirco-mirrors,
which are arranged in the "off’ position, i.e., the second, fourth, sixth, eighth, tenth,
twelfth, fourteenth and sixteenth horizontal sections, reflect the light toward the light
trap 28 and thus are unable to reflect the eighth laser pulse 6™ toward the
condenser arrangement 20 and the single detecior element 18 for detection and
Drocessing.

[0079] Before the reflected ninth laser pulse 8" enters and is focused by the object

lens 10 toward the digital micro-mirror device 14, the microprocessor 36 again
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changes the positions of the micro-mirrors 16 so that the micro-mirrors 16 are now
arranged in a ninth pattern, as shown in Fig. 3. However, according to this patiern,
the digital micro-mirror device 14 is divided into sixteen equal vertical sections with
the micro-mirrors 16 of the second, fourth, sixth, eighth, tenth, twelfth, fourteenth and
sixteenth vertical sections all arranged in the “on” position, generally shown as
reference numeral 16', while the micro-mirrors 16 of the first, third, fifth, seventh,
ninth, eleventh, thirteenth and fifteenth vertical sections are arranged in the "off’
position, generally shown as reference numeral 168", As a result, only the first half
of the micro-mirrars 16 which are arranged in the “on” position, i.e., the second,
fourth, sixth, eighth, tenth, twelfth, fourteenth and sixteenth vertical sections, are
able to reflect the ninth laser pulse 8" toward the single detector element 18 for
detection and processing while the remaining mirco-mirrors which are arranged in
the “off” position, L.e., the first, third, fifth, seventh, ninth, eleventh, thirteenth and
fifteanth vertical sections, reflact the light toward the light trap 28 and thus are
unable to reflect the ninth laser pulse 8" toward the condenser arrangement 20
and the single detector element 18 for detection and processing.

{0080] Before the reflected tenth laser pulse 8" is focused by the object lens 10
foward the digital micro-mirror device 14, the positions of the micro-mirrors 16 are
again changed so thatl the micro-mirrors 16 are now arranged in a tenth pattern, as
shown in Fig. 3J. According to this pattern, the digital micro-mirror device 14 is
divided into thirty two horizontal sections with the micro-mirrors 16 of the first, third,
fifth, seventh, ninth, eleventh, thirteenth, fifteenth, sevenieenth, nineteenth, twenty
first, twenty third, fwenty fifth, twenty seventh, twenty ninth, and thirty first horizontal
sections all arranged in the “on” position, generally shown as reference numeral 16",
while the second, fourth, sixth, eighth, tenth, twelfth, fourteenth, sixteenth,
eighteenth, twentieth, twenty second, twenty fourth, twenty sixdh, twenty eighth,
thirtieth and thirty second horizontal sections are all arranged in the "off” position,
generally shown as reference numeral 16", As a result, only the first half of the
micro-mirrors 18 which are arranged in the “on” position, i.e., the first, third, fifth,
sevanth, ninth, eleventh, thirteenth, fifteenth, sevenieanth, nineteenth, twenty first,
twenty third, twenty fifth, twenty seventh, twenty ninth, and thirty first horizontal

sections are able o reflect the tenth laser pulse 8™ toward the single detecior
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element 18 for detection and processing while the remaining mirco-mirrors which are
arranged in the "off’ position, i.e., the second, fourth, sixth, eighth, tenth, twelith,
fourteenth, sixteenth, sightaenth, twantieth, twenty second, twenty fourth, twenty
sixth, twenty eighth, thirtieth and thirty second horizontal sections, reflect the light
toward the light trap 28 and thus are unable to reflect the tenth laser pulse 6™
toward the condenser arrangement 20 and the single detector element 18 for
detection and processing.

LRI LR1R2H]

{0081} Before the reflected slaventh laser pulse 6 is focused by the object lens
10 toward the digital micro-mirror device 14, the microprocessor 38 again changes
the positions of the micro-mirrors 16 so that the micro-mirrors 18 are now arranged
inn an eleventh pattern, as shown in Fig. 3K. However, according to this pattern, the
digital micro-mirror device 14 is divided into thirly two equal vertical sections with the
micro-mirrors 16 of the second, fourth, sixth, eighth, tenth, twelfth, fourteenth,
sixteenth, eighteenth, twentieth, twenty second, twenty fourth, twenty sixth, twenty
eighth, thirtieth and thirty second vertical sections arranged in the “on” position,
generally shown as reference numeral 16', while the first, third, fifth, seventh, ninth,
eleventh, thirteenth, fifleenth, seventeenth, nineteenth, twenty first, twenty third,
twenty fifth, twenty seventh, twenty ninth, and thirty first vertical sections arranged
in the “off” position, generally shown as reference numeral 16", As a resulf, only the
first half of the micro-mirrors 186 which are arranged in the “on” position, L.e., the
second, fourth, sixth, eighth, tenth, twelfth, fourteenth, sixteenth, eighteenth,
twentiath, twenty second, twenty fourth, twenty sixth, twenty eighth, thirtieth and
thirty second vertical sections, are able to reflect the eleventh laser puise 8™
toward the single detector element 18 for detection and processing while the
remaining mirco-mirrors which are arranged in the “off” position, i.e., the first, third,
fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth, nineteenth, twenty
first, twenty third, twenty fifth, twenty seventh, twenty ninth, and thirty first vertical
sections, reflect the light toward the light trap 28 and thus are unable to reflect the
eleventh laser pulse 8™ toward the condenser arrangement 20 and the single
detactor element 18 for detection and processing.

10082} Before the reflacted twelfth laser pulse 8" is focused by the objectiens 10

toward the digital micro-mirror device 14, the microprocessor 38 again changes the
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positions of the micro-mirrers 16 so that the micro-mirrers 16 are now arranged in
a twelfth pattern, as shown in Fig. 3L. However, according to this pattern, the digital
micro-mirror device 14 is divided into sixty four equal horizontal sections with the
micro-mirrors 16 of the first, third, fifth, seventh, ninth, eleventh, thirteenth, fifteanth,
seventeenth, nineteenth, tweanty first, twenty third, twenty fifth, twenty seventh,
twenty ninth, thirty first, thirty third, thirty fifth, thirty seventh, thirty ninth, forty first,
forty third, forty fifth, forty seventh, forty ninth, fifty first, fifty third, fifty fifth, fifty
saventh, fifty ninth, sixty first and sixty third horizontal sections all arranged in the
‘on” position, generally shown as reference numeral 16', while the micro-mirrors 16
of the second, fourth, sixth, eighth, tenth, twelfth, fourteenth, sixieenth, sighteenth,
twentieth, twenty second, twenty fourth, twenty sixth, twenty eighth, thirtiath, thirty
second, thirty fourth, thirty sixth, thirty eighth, fortieth, forty second, forty fourth, forty
sixth, forty eighth, fiftieth, fifty second, fifty fourth, fifty sixth, fifty eighth, sixtieth, sixty
second and sbdy fourth horizontal sections all arranged in the "off” position, generally
shown as reference numeral 16", As a resul, only the first half of the micro-mirrors
16 which are arranged in the “on” position, i.e., the first, third, fifth, seventh, ninth,
gleventh, thirteenth, fifteenth, seventeenth, nineteenth, twenty first, twenty third,
twanty fifth, twenty seventh, twenty ninth, thirty first, thirty third, thirty fifth, thirty
seventh, thirty ninth, forty first, forty third, forty fifth, forty seventh, forty ninth, fifty
first, fifty third, fifty fifth, fifty seventh, fifty ninth, sixty first and sixty third horizontal
sections are able to reflact the twelfth laser puise 6™ toward the single delector
element 18 for detection and processing while the remaining mirco-mirrors which are
arranged in the “off’ position, i.e., the second, fourth, sixih, eighth, tenth, twelfth,
fourteenth, sixteenth, eighteenth, twentieth, twenty second, twenty fourth, twenty
sixth, twenty eighth, thirtieth, thirty second, thirty fourth, thirty sixth, thirty eighth,
fortieth, forty second, forty fourth, forty sixth, forty eighth, fiftieth, fifty second, fifty
fourth, fifty sixth, fifty sighth, sixtieth, sixdy second and sixty fourth horizontal
sections, reflect the light toward the light trap 28 and thus are thus unable to reflect
the twelfth laser pulse 8" toward the condenser arrangement 20 and the single
detector element 18 Tor detection and processing.

{0083] Before the reflacted thirteenth laser pulse 6" is focused by the objectiens

10 toward the digital micro-mirror device 14, the microprocessor 36 again changes
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the positions of the micro-mirrors 18 so that the micro-mirrors 16 are now arranged
in a thireenth pattern, as shown in Fig. 3M. According to this pattern, the digital
micro-mirror device 14 is divided into sixty four equal vertical sections with the micro-
mirrors 18 of the second, fourth, sixth, eighth, tenth, twelfth, fourteenth, sixteenth,
eighteenth, twentieth, twenty second, twenty fourth, twenty sixth, twenty eighth,
thirtieth, thirty second, thirty fourth, thirty sixth, thirty eighth, fortieth, forty second,
forty fourth, forty sixth, forty eighth, fiftieth, fifty second, fifty fourth, fifty sixth, fifty
gighth, sixtieth, sixty second and sixty fourth vertical sections all arranged in the "on”
position, generally shown as reference numeral 18°, while the mirco-mirrors of the
first, third, fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth,
nineteenth, tweanty first, twenty third, twanty fifth, twenty seventh, twenty ninth, thirty
first, thirty third, thirty fifth, thirty seventh, thirty ninth, forty first, forty third, forty fifth,
forty seventh, forty ninth, fifty first, fifty third, fifty fifth, fifty seventh, fifty ninth, sixty
first and sixty third vertical sections all arranged in the "off” position, generally shown
as reference numeral 18", As a resulf, only the first half of the micro-mirrors 16
which are arranged in the "on” position, L.e., the second, fourth, sixth, eighth, tenth,
twelfth, fourteenth, sixteanth, sighteenth, twentieth, twenly second, twenty fourth,
twenty sixth, twenty eighth, thirtieth, thirly second, thirty fourth, thirty sixth, thirty
gighth, fortieth, forty second, forly fourth, forty sixth, forty eighth, fiftieth, fifty second,
fifty fourth, fifty sixth, fifty eighth, sixiieth, sixty second and sidy fourth vertical
sections, are able to reflect the thirteenth laser pulse 8™ toward the single
detector element 18 for detection and processing while the remaining micro-mirrors
which are arranged in the “off” position, L.e., the first, third, fifth, seventh, ninth,
eleventh, thirteenth, fifteenth, seventeanth, nineteenth, twenty first, twenty third,
twenty fifth, twenty seventh, twenty ninth, thirty first, thirty third, thirty fifth, thirty
seventh, thirty ninth, forty first, forty third, forty fifth, forty seventh, forty ninth, fifty
first, fifty third, fifty fifth, fifty seventh, fifty ninth, sbxy first and sixty third vertical
sactions, reflect the light toward the light trap 28 and thus are unable to reflect the
thirteenth laser pulse 8™ toward the condenser arrangement 20 and the single
detector element 18 for detection and processing.

10084] Through a process of elimination using a coding scheme, the system is able

to determine which micro-mirror, or small group of micro-mirrors {(depending upon
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the actual size of the array of micro-mirrors), of the digital micro-mirror device 14 is
receiving the reflected laser pulses 6, 6', 67, 8™, 8™, g™, g™, g™ g™ gmom g
grt or g For each of the thirteenth patterns of the micro-mirrors 18, when
the single detector element 18 detects one of the reflected thirteen laser pulses, that
respective pattern is designated with a2 "1", while for each of the thirteenth patterns
of the micro-mirrors 16 where the single detector element 18 is unable to detectone
of the reflectad thirteen laser pulses, that respective pattern is designated with a "0."
With respect to the thirteenth patterns of the micro-mirrors 16 discussed above with
reference to Figs. 3A to 3M, the resulting coding scheme is "1110011001011" and
this coding scheme indicates which micro-mirror, or small group of micro-mirrors, of
the digital micro-mirror device 14, depending upon the size of the digital micro-mirror
device 14, is receiving the reflected laser pulses. That is, the single detector
glement 18 detected a reflected laser pulse, designated with a "1,” for each of the
first pattern (Fig. 34}, the second pattern (Fig. 3B}, the third pattern (Fig. 3C}, the
sixth pattern (Fig. 3F), the seventh pattern (Fig. 3G), the tenth patiern (Fig. 3J), the
twelfth pattern (Fig. 3L) and the thirteen pattern (Fig. 3M), while the single detector
glement 18 was unable to detect any reflected laser pulse for each of the fourth
pattern (Fig. 3D), the fifth pattern (Fig. 3E), the eighth pattern (Fig. 3H), the ninth
pattern (Fig. 3D and the eleventh pattern (Fig. 3K).

{0085] The above process is suitable for delermining, at a range of one kilometer,
the location of a target 8 within one meter of its exact position. It is 1o be
appreciated thatif the high contrasttargel(s) 8 is located closer to the multifunctional
rangefinder 2, then the multifunctionat rangefinder 2 is able to determine the location
of the high contrast target(s) 8 with greater precision, i.e., within less than 1 mater
of its exact position, while if the high contrasttarget(s) 8 is located further away from
the multifunctional rangefinder 2, then the multifunctional rangefinder 2 is able to
determine the location of the high confrast target(s) 8 with slightly less precision, i.e.,
a little greater than 1 meter of s exact position.

[0088] if additional or finer fidelity is desired or reguired for the mullifunctional
rangefinder 2, then two or possibly four or more additional sequential laser pulses
can be transmitied by the laser transmitter 4 toward the desired scene 26 so as to

increase the total number of sequential laser puises to either 15 or 17, or possibly
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more seguential laser pulses, instead of 13 seguential laser puilses, without
departing from the spirit and scope of the present invention. If two additional laser
pulses are transmitted (o obtain higher fidelity, then each pair of returned sequential
laser pulses, i.e., the fourteen and fifteenth laser pulses, would be respectively
fransmitted and reflected back by each high contrast target(s) 8 toward the digital
micro-mirror device 14 where the micro-mirrors 16 would then be divided, in this
instance, into 128 alternating vertical "on” and “off” sections, for the fourteenth laser
pulse, and 128 alternating “on” and “off” horizontal sections, for the fifteenth laser
pulse, while if a sixteenth and a seventeenth laser pulse were transmitted, those
laser puises would be respectively transmitted and reflected back by the high
contrast target(s) 8 toward the digitai micro-mirror device 14 where tha micro-mirrors
16 which would be divided into 258 alternating “on” and “off” vertical sections, for
the sixteenth laser puise, and 258 alternating "on” and "off” horizontal sections, for
the seventesnth laser pulse, and so fourth.

100871 it is to be appreciated that the above process of transmitting 13 laser pulses
toward a desired scene 28 and receiving and processing the 13 reflected laser
pulses 8, &', 8", 8™, g gm g, grm, gl g, gt gie §T gecurs within
a matter of a few milliseconds or so. As a result, the multifunctional rangefinder 2
is quickly and reliably able to determine the precise location of each high contrast
target(s) 8 that is located within the scene 28 being observed. That is, the
multifunctional rangefinder 2 is readily able to determine which of a very small
number of micro-mirrors 16, e.g., 1-10 micro-mirrors or so, is/are receiving the
reflective light from the high contrast target(s) 8. Thereafter, the multifunctional
rangefinder 2 can then locate the cross-hairs 30 of the reticle at the precise location
of the high contrast target(s) 8 in the field of view, as diagrammatically shown in Fig.
3N. Once the cross-hairs 30 of the reticle are coincident with the current location of
the high contrast target 8, then other appropriate action can readily oceur, £.9., 8
projectile can be fired at that high contrast target 8, a laser can be pointed at that
high contrast target 8 to aid air support in firing a desired projectile at that high
contrast target 8, efc.

10088} it is to be appreciated that the multifunctional rangefinder 2 is able to process
two or more high contrast targets 8 at the same time and during each scan of each
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scene 28. Thatis, the 13 {or possibly more) sequential laser pulses, that are emitted
by the laser transmitter 4 toward the two or more high contrast targets 8, will each
strike and be respectively reflected back by each high contrast target 8 toward the
multifunctional rangefinder 2. As a result, the object lens 10 of the muitifunctional
rangefinder 2 will receive two or more sequential series of pulses, fe., asetof 13
sequentially reflected laser pulses §, §', 6", 6, g7 g™, g™, g™, g g™ g
g g from each one of the high contrast targets 8 located within the scene
26. The multifunctional rangefinder 2, is then able to process each one of the set
of 13 sequentially reflected laser pulses and determine which micro-mirror or small
group of micro-mirrors of the digital micro-mirror device 14 is receiving the reflected
laser beam, i.e., the energy, from each of the two or more high conirast targets 8 so
that the cross-hairs 30 of the reticle can be sequentially aligned with each one ofthe
detected high contrast targets 8 and appropriate action can then be undertaken with
respect to each one of the detected high contrast targets 8, as discussed below in
further detail.

[0089] As noted above, inthe eventthat the multifunctional rangefinder 2 determines
that two or more high contrast targets are located within the same scene 26 being
viewed by the multifunctional rangefinder 2 {e.g., three high contrast targets 8, 8,
8" are diagrammatically indicated in Fig. 7), the microprocessor 36 of the
multifunctional rangefinder 2 then causes the laser transmitier 4 to transmits the
initial laser pulse 8 back toward the same viewed scene 26 and this initial pulse is
immediately followed by an additional 12 sequential laser pulses &', 6", 8™, 6™, 86",
g g g g g g gt Each one of these 13 sequential laser
pulses generally has the same magnitude and duration, e.g., 5 KHz pulse having a
puise burst duration of 2.6 milliseconds, and each laser pulse 8 is preferably equally
spaced apart from cne anocther in time, .g., spaced apart from one another by 0.2-
(3.3 milliseconds or so. Each one of these 13 sequential laser pulses 6, &', 6", 8",
greogme g, gl gl g gl g griet g sequentially dispersed by the
disparsing lens 24 and directed at the scene 26 which contains the three high
contrast targets 8, 8§, 8" detecied therein.

10090] As each one of these 13 individual laser pulses 8§ propagatses toward and

strikes against each one of the three high contrast targets 8, &, 8", each one of
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these 13 individual laser pulses 6§ is then typically sequentially reflected, by each of
the three high contrast targets 8, 8, 8" located within the scene 26, back along an
optical axis A of object lens 10 toward the multifunclional rangefinder 2 as three sets
of reflected laser pulses 6, &', ", 8", 8", g™, g™ g™, g™, g, grrt gy
gt As discussed above, the three sets of the reflecied light, from each of the
three high contrast targets 8, 8', 87, then sequentially enters the objectlens 10 ofthe
multifunctional rangefinder 2 and each laser pulse 6, &', 6", 8", 8™, 8™, ™", 6™
g g g g gt i sequentially focused by the object lens 10 at the
plurality of micro-mirrors 16 of the {first) digital micro-mirror device 14,

(0091} As diagrammaticaily shown in Fig. 7, in this instance, each one of the three
high contrast targets 8, &, 8" is located at a different distance from the object lens
10, e.g. the first high contrast target 8 is located relatively close to the objectlens 10,
the third high contrast target 8" is located relatively far away from the objectlens 10
and the second high contrast target 8 is located between the first and the third high
contrast targets 8, 8". Due o such different spacing of the three high contrast
targets 8, 8, 8" from the object lens 10, it is to be appreciated that it takes a
relatively short time for each of the laser pulses 6, §', 6", 6", 8", ", 6™, 8",
gl g g g g 4a he emitted by the laser transmitter 4 and be
reflected back by the first high contrast target 8 to the object lens 10, it takes a some
what relatively longer time for each of the laser pulses 8, §', 8", 8", "™, """, 6",
g g g g g g ta be emitted by the laser transmitter 4 and be
reflacted back by the second high contrast target 8' to the objectlens 10, and it takes
the relatively longest time for each of the laser pulses 8, &', 6", 87, &', 6™, &™,
g gl g, g g g g be emitied by the laser transmitter 4 and be
reflected back by the third high contrast target 8" to the object lens 10.

[0092] As the first laser pulse 6 is emittad by the laser transmilier 4 toward the three
high contrast targats 8, 8', 8", it is to be appreciated that since the first high contrast
target 8 is iocated closest to the object lens 10, the first laser pulse 6 will strike
against and be refiected by the first high contrast target 8 back to the object lens 10
before the first laser pulse 6 strikes against and is reflecied by the second high
contrast target 8' back to the object lens 10. Since the second high contrast target

8' is located closer {o the object lens 10 than the third contrast target 8", the first
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laser pulse & will strike against and be reflected by the second high contrast target
8 back to the object lens 10 before the first laser pulse 6 sirikes against and is
reflected by the third high contrast target 8" back o the object lens 10. As a result,
the duration of time that it takes the first laser pulse § to be emilted by the laser
transmitter 4 and strike against and be reflected by the first, the second and the third
high contrast targets 8, 8', 8" back to the object lens 10 can be utilized to determine
the range of each of each of the first, the second and the third high contrast targets
8, 8', 8" from the multifunctional rangefinder 2.

10083} As the first laser pulse 8, reflected by the first high contrast target 8 is first
captured and focused by the object lens 10 toward the plurality of micro-mirrors 18
of the digital micro-mirror device 14, all of which are arranged in the “on” position,
generally shown as reference numeral 16° in Fig. 8A, so that all of the light, from the
first initial laser pulse 8 is reflected by the micro-mirrors 16 of the first digital micro-
mirror device 14 toward the condenser arrangement 20 and the single detector
element 18 for detection and processing, as discussed below in further detail. The
first laser pulse 8, reflected by the second high contrast target 8 is then captured
and focusad by the object lens 10 foward the plurality of micro-mirrors 16 of the
digital micro-mirror device 14, all of which are arranged in the "on” position, generally
shown as reference numeral 16" in Fig. 8A, so that all of the light, from the first initial
laser pulse 6, is reflected by the micro-mirrors 16 of the first digital micro-mirror
device 14 toward the condenser arrangement 20 and the single detectorelement 18
for detection and processing. Finally, the first laser pulse 8, reflected by the third
high contrast target 8" is finally captured and focused by the object lens 10 toward
the plurality of micro-mirrors 16 of the digital micro-mirror device 14, all of which are
arranged in the “on” position, generally shown as reference numeral 16" in Fig. 84,
so that all of the light, from the first initial laser pulse 8, is reflected by the micro-
mirrors 168 of the first digital micro-mirror device 14 toward the condenser
arrangement 20 and the single detector element 18 for detection and processing.
Based upon the time that it takes the first pulse to be emitted and reflected by the
three high contrast targets 8, 8', 8, the range/distance of each of high conlrast
targets 8, 8, 8" from the multifunctional rangefinder 2 is determined in a

conventional manner. In addition, each one of the three reflected laser pulses G are
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spatially separated in time from one another. Such spatial separation in time of the
reflectad laser pulses also assists with delecting which one of the reflected the first,
the second and the third high confrast targets 8, 8, 8" is being detected and
processed by the single detector element 18,

10004] Before the second laser pulse §' is emitted by the laser transmitter 4 and is
reflected, by each of the first, the second and the third high contrast targeis §, 8', 8",
toward and focused by the object lens 10 at the digital micro~-mirror device 14, the
microprocassor 36 changes the positions of the micro-mirrors 16 so that the micro-
mirrors 16 are now arranged in a second pattern, as shown in Fig. 88. Thatis, a
first half of the micro-mirrors 16 of the digital micro-mirror device 14, L.e., the top
horizontal half of the micro-mirrors 16 are remain in the "on” position, generally
shown as reference numeral 16", while a bottom horizontal half of the micro-mirrors
16 are all switched into the “off” position, generally shown as reference numeral 16"
Accordingly, only the top first half of the micro-mirrors 18, which are arranged inthe
“‘on” position, are able to reflect the second laser pulse &', from any of the first, the
second and the third high conirast targets 8, 8', 8", toward the single detector
element 18 for detection and processing while the remaining mirco-mirrors, which
are all arranged in the “off” position, reflect the light toward a light trap 28 and thus
are unable to raflect the second laser pulse 8', from any of the first, the second and
the third high contrast targets 8, 8', 8", toward the condenser arrangement 20 and
the single detector element 18 for detection. The reflected second laser pulse &
from the first high conirast target 8 is received before the reflected second laser
pulse &' from the second high contrasttarget &', and the reflected second laser pulse
&' from the second high contrast target 8' is received before the reflected second
laser puise §' from the third high contrast target 8",

10095} Before the third laser pulse 6" is emilled by the laser transmitter 4 and is
reflected, by each of the first, the second and the third high contrasttargels 8, 8', 8",
toward and focused by the object lens 10 at the digital micro-mirror device 14, the
microprocessor 38 again changes the positions of the micro-mirrors 16 so that the
micro-mirrors 16 are now arranged in a third pattern, as shown in Fig. 8C. That s,
a first half of the micro-mirrors 16 of the digital micro-mirror device 14, Le. the

vertical left half of the micro-mirrors 16 are all switched into the “off” position,
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generally shown as reference numeral 18", while the vertical right side half of the
micro-rirrors 16 are all switched into the “on” position, generally shown as reference
numeral 18", Accordingly, only the right side half of the micro-mirrors 16, which are
all arranged in the “on” position, are able to reflect the third laser pulse 67, from any
of the first, the second and the third high contrast targets 8, &', 8", toward the single
detector elemeant 18 for detection and processing while the remaining mirco-mirrors,
which are arranged in the "off” position, reflect the light toward a light trap 28 and
thus are unable to reflect the third laser pulse 8", from any of the first, the second
and the third high contrast targets 8, 8', 8", loward the condenser arrangement 20
and the single detector element 18 for detection and processing. Again, the
reflected third laser pulse 8" from the first high contrast target 8 is received before
the reflacted third laser pulse 8" from the second high contrast target 8', and the
reflected third laser puise 8" from the second high contrast target 8' is received
before the reflacted third laser pulse 8" from the third high contrast target 8"
(0088} Before the fourth laser pulse 8" is emitted by the laser fransmitter 4 and is
reflected, by each of the first, the second and the third high contrast targets 8, 8, 8%,
toward and focused by the object lens 10 at the digital micro-mirror device 14, the
microprocessor 36 again changes the positions of the micro-mirrors 16 so that the
micro-mirrors 16 are now arranged in a fourth patlern, as shown in Fig. 8D.
However, according to this pattern, the digital micro-mirror device 14 is divided into
four equal horizontal sections with the micro-mirrors 16 of the first and the third
horizontal sections all arranged in the “on” position, generally shown as reference
numeral 18", while the second and fourth horizontal sections are all arranged in the
‘off” position, generally shown as reference numeral 16", As aresult, only the micro-
mirrors 18 which are arranged in the “on” position, i.e., the first and the third
horizontal sections, are able to reflact the fourth laser pulse 8™, from any of the first,
the second and the third high contrast targets 8, 8, 8", toward the single detector
element 18 for detection and processing while the remaining mirco-mirrors, which
are all arranged in the "off" position, ie., the second and the fourth horizontal
sactions, reflect the light toward the light trap 28 and thus are unable to reflect the
fourth laser pulse 8°, from any of the first, the second and the third high contrast

targets 8, &', 8", foward the condenser arrangement 20 and the single detecior
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glement 18 for detection and processing. The reflected fourth laser pulse 6" from
the first high contrast target 8 is received before the reflected fourth laser pulse 6™
from the second high contrast target &', and the reflected fourth laser pulse §" from
the second high contrast target 8' is received before the reflected fourth laser pulse
8" from the third high contrast target 8.

10087} Before the fifth laser pulse 6" is emitted by the laser tranamitter 4 and is
reflected, by each of the first, the second and the third high contrast targets 8, 8, 8",
toward and focused by the object lens 10 at the digital micro-mirror device 14, the
microprocessor 36 again changes the positions of the micro-mirrors 16 so that the
micro-mirroers 18 are now arranged in a fifth pattern, as shown in Fig. 8E. However,
according to this pattern, the digital micro-mirror device 14 is divided into four equal
vertical sections with the micro-mirrors 16 of the second and the fourth vertical
sections all arranged in the “on” position, generally shown as reference numeral 16,
while the first and third vertical sections are all arranged in the “off” position,
generally shown as reference numeral 18", As a result, only the first half of the
micro-mirrors 18, which are arrangad in the “on” position, i.e., the second and the
fourth vertical sections, are able to reflect the fifth laser puise 8™, from any of the
first, the second and the third high contrast targets 8, 8, 8", toward the single
detector element 18 for detection and processing while the remaining mirco-mirrors,
which are arranged in the "off" position, i.e., the first and the third vertical sections,
reflect the Hght toward the light trap 28 and thus are unable to reflect the first laser
pulse 6" from any of the first, the second and the third high contrast targets §, &',
8", toward the condenser arrangement 20 and the single detector element 18 for
detection and processing. The reflected fifth laser pulse 6™ from the first high
contrast target 8 is received before the reflected fifth laser pulse 8" from the second
high contrast target 8', and the reflected fifth laser pulse 8™ from the second high
contrast target 8 is received before the reflected fifth laser puise 6" from the third
high contrast target 8"

100e8] Before the sixth laser pulse 8" is emitled by the laser transmitier 4 and is
reflected, by each of the first, the second and the third high contrast targets 8, 8', 87,
toward and focused by the object lens 10 at the digital micro-mirror device 14, the

microprocessor 36 again changes the positions of the micro~-mirrors 16 so that the
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micro-mirrors 16 are now arranged in a sixth pattern, as shown in Fig. 8F. Howsver,
according to this pattern, the digital micro-mirror device 14 is divided into eight equal
horizontal sections with the micro-mirrors 18 of the first, third, fifth and saventh
horizontal sections all arranged in the “on” position, generally shown as reference
numeral 16°, while the micro-mirrors 16 of the second, fourth, sixth and eight
horizontal sections are all arranged in the “off’ position, generally shown as
refarence numeral 16", As a result, only the first haif of the micro-mirrors 16 which
are arranged in the "on” position, i.e., the first, third, fifth and seventh horizontal
sections, are able to reflect the sixth laser pulse 8™, from any ofthe first, the second
and the third high contrasttargets 8, 8, 8", toward the single detector element 18 for
processing while the remaining mirco-mirrors which are arranged in the “off” position,
i.e., the second, fourth, sixth and eighth horizontal sections, reflect the light toward
the light frap 28 and thus are unable o reflect the sixth laser pulse 8™ from any of
the first, the second and the third high contrast targets 8, 8', 8" toward the
condenser arrangemeant 20 and the single detector element 18 for detection. The
reflected sixth laser pulse 8™ from the first high contrast target 8 is received before
the reflected sixth laser pulse 8" from the second high contrast target 8, and the
reflected sixth laser pulse 6" from the second high contrast target 8’ is received
hefore the reflected sixth laser pulse 8" from the third high contrast target 8"
[0089] Before the seventh laser pulse 8" is emitied by the laser transmitier 4 and
is reflected, by each of the first, the second and the third high contrast targets 8, &',
8", toward and focused by the object lens 10 at the digital micro-mirror device 14,
the microprocessor 36 again changes the positions of the micro-mirrors 16 so that
the micro-mirrors 16 are now arranged in a seventh pattern, as shown in Fig. 8G.
However, according to this pattern, the digital micro-mirror device 14 is divided into
eight equal vertical sections with the micro-mirrors 16 of the second, fourth, sixth
and eighth vertical sections all arranged in the "on” position, generally shown as
reference numeral 18°, while the micro-mirrors 16 of the first, third, sixth and seventh
vertical sections are all arranged in the “off” position, generally shown as reference
numeral 18", As a result, only the first half of the micro-mirrors 16 which are
arranged in the “on” position, i.e., the second, fourth, sixth and eighth vertical

sections, are able o reflect the seventh laser pulse 8™, from any of the first, the
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second and the third high conlrast targets 8, 8 8", toward the single detector
glement 18 for detection and processing while the remaining mirco-mirrors which are
arranged in the “off” position, Le., the first, third, fifth and seventh vertical sections,
reflect the light toward the light trap 28 and thus are unable to reflect the seventh
laser pulse 8™ from any of the first, the second and the third high contrast targets
8, 8, 8" toward the condenser arrangement 20 and the single detector element 18
for detection and processing. The reflected saventh laser pulse 8™ from the first
high contrast target 8 is received before the reflected seventh laser pulse 8™ from
the second high contrast target 8, and the reflected seventh laser pulse 8™ from
the second high contrast target 8' is received before the reflected seventh laser
pulse 8™ from the third high contrast target 8",

10100} Before the eighth laser pulse 8™ is emitled by the laser transmitter4 and is
reflected, by each of the first, the second and the third high contrast targets 8, ', 8%,
toward and focused by the object lens 10 at the digital micro-mirror device 14, the
microprocessor 36 again changes the positions of the micro-mirrors 16 so that the
micro-mirrors 16 are now arranged in an eighth pattern, as shown in Fig. 8H.
However, according to this pattern, the digital micro-mirror device 14 is divided into
sixteen equal horizontal sections with the micro-mirrors 16 of the first, third, fifth,
seventh, ninth, eleventh, thirleenth and fifteenth horizontal sections all arranged in
the “on” position, generally shown as reference numeral 18', while the micro-mirrors
16 of the second, fourth, sixth, eighth, tenth, twelfth, fourteenth and sixteenth
horizontal sections are all arranged in the “off’ position, generally shown as
reference numeral 18", As a result, only the first half of the micro-mirrors 16 which
are arranged in the "on” position, L.e., the first, third, fifth, seventh, ninth, eleventh,
thirteenth and fifteenth horizontal sections are able to reflect the eighth laser pulse
g from any of the first, the second and the third high contrast targets 8, 8, 8%
toward the single detector element 18 for detection and processing while the
remaining mirco-mirrors, which are arranged in the “off” position, i.e., the second,
fourth, sixth, sighth, tenth, twelfth, fourteenth and sixteenth horizontal sections,
reflect the light toward the light trap 28 and thus are unable to reflect the eighth laser
puise 8™, from any of the first, the second and the third high contrast targets 8, &',

8" toward the condenser arrangement 20 and the single detector element 18 for
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detection and processing. The reflected eighth laser pulse 6" from the first high
contrast target & is received before the reflected eighth laser pulse 8" from the
second high contrast target 8, and the reflected eighth laser pulse 8™ from the
second high contrast target 8 is received before the reflected eighth laser pulse 8™
from the third high contrast farget 8%,

16101} Before the ninth laser pulse 8" is emitted by the laser transmitter 4 and is
reflected, by each of the first, the second and the third high contrast targets 8, ', 8%,
toward and focused by the object lens 10 at the digital micro-mirror device 14, the
microprocessor 36 again changes the positions of the micro-mirrors 16 so that the
micro-mirrors 16 are now arranged in a ninth pattern, as shown in Fig. 81, However,
according to this pattern, the digital micro-mirror device 14 is divided into sixieen
egual vertical sections with the micro-mirrers 16 of the second, fourth, sixth, eighth,
tenth, twelfth, fourteenth and sixteenth vertical sections all arranged in the “on”
position, generally shown as reference numeral 18°, while the micro-mirrors 16 of the
first, thivd, fifth, sevanth, ninth, eleventh, thirteenth and fifteenth vertical sections are
arranged in the “off” position, generally shown as reference numeral 16", As a
result, only the first half of the micro-mirrors 16 which are arranged in the “on”
position, Le., the second, fourth, sixth, eighth, tenth, twelfth, fourteenth and sixteenth
verical sections, are able to reflect the ninth laser pulse 8™, from any of the first,
the second and the third high contrast fargets 8, 8, 8", toward the single detector
element 18 for detection and processing while the remaining mirco-mirrors which are
arranged in the "off’ position, i.e., the first, third, fifth, seventh, ninth, eleventh,
thirteanth and fifteenth vertical sections, reflect the light toward the light trap 28 and
thus are unable o reflect the ninth laser pulse 8™, from any of the first, the second
and the third high contrast targets 8, 8, 8", toward the condenser arrangement 20
and the single detector element 18 for detection and processing. The reflected ninth
laser pulse 8™ from the first high contrast target 8 is received before the reflected
ninth laser puise 8" from the second high contrast target 8', and the reflected ninth
laser pulse 8" from the second high contrast target &' is received hefore the
reflected ninth laser pulse 6" from the third high conirast target 8".

[3102] Before the tenth laser pulse 8" is emilied by the laser transmitter 4 and is

reflected, by each of the first, the second and the third high contrastiargets 8, 8, 87,
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toward and focused by the object lens 10 at the digital micro-mirror device 14, the
positions of the micro-mirrors 16 are again changed so that the micro-mirrors 16 are
now arranged in a tenth pattern, as shown in Fig. 8J. According to this paltern, the
digital micro-mirror device 14 is divided into thirty two horizontal sections with the
micro-mirrors 18 of the first, third, fifth, seventh, ninth, eleventh, thirteenth, fifteenth,
sevenieenth, nineteenth, twenty first, twenty third, twenty fifth, twenty seventh,
twenty ninth, and thirty first horizontal sections all arranged in the “on” position,
generally shown as reference numeral 18", while the second, fourth, sixth, eighth,
tenth, twelfth, fourteenth, sixteenth, eighteenth, twentieth, twenty second, twenty
fourth, twenty sixth, twenty eighth, thirtieth and thirty second horizontal sections are
all arranged in the "off’ position, generally shown as reference numeral 16", As a
result, only the first half of the micro-mirrors 18 which are arranged in the “on”
position, i.e., the first, third, fifth, seventh, ninth, eleventh, thirteenth, fifleenth,
seventeenth, nineteenth, twenty first, twenty third, twenty fifth, twenty seventh,
twenty ninth, and thirty first horizontal sections are able {o refiect the tenth laser
pulse 8™ from any of the first, the second and the third high contrastiargets 8, 8/
8", toward the single detector element 18 for detection and processing while the
remaining mirco-mirrors which are arranged in the “off” position, t.e, the second,
fourth, sixth, eighth, tenth, twelfth, fourteenth, sixteenth, eighteenth, twentisth,
twenly second, twenty fourth, twenty sixth, twenty eighth, thirtieth and thirty second
horizontal sections, reflect the light foward the light trap 28 and thus are unable o
reflact the tenth laser pulse 8" from any of the first, the second and the third high
contrast targets 8, &, 8", toward the condenser arrangement 20 and the single
detector element 18 for detection and processing. The reflected tenth laser pulse
8" from the first high contrast target 8 is received before the reflected tenth laser
pulse 8™ from the second high contrast target 8, and the reflected tenth laser
pulse 8™ from the second high contrast target §' is received before the reflected
tenth laser pulse 6™ from the third high contrast target 8"

(0103} Before the eleventh laser pulse 6™ is emitted by the laser transmitter 4 and
is reflected, by each of the first, the second and the third high contrast targets 8, 8/,
8" toward and focused by the object lens 10 at the digital micro-mirror device 14,

the microprocessor 386 again changes the positions of the micro-mirrors 16 so that
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the micro-mirrors 16 are now arranged in an eleventh pattern, as shown in Fig. BK.
However, according to this pattern, the digital micro-mirror device 14 is divided info
thirty two equal vertical sections with the micro-mirrors 16 of the second, fourth,
sixth, eighth, tenth, twelifth, fourleenth, sixieenth, eighteenth, twentieth, twenty
second, twenty fourth, twenty sixth, twenty eighth, thirtisth and thirty second vertical
sections arranged in the “on” position, generailly shown as reference numeral 16,
while the first, third, fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth,
nineteenth, twenty first, twenty third, twenty fifth, twenty seventh, twenty ninth, and
thirty first verlical sections arranged in the "off” position, generally shown as
reference numeral 18", As a result, only the first half of the micro-mirrors 16 which
are arranged in the "on” position, i.e., the second, fourth, sixth, eighth, tenth, twelith,
fourteenth, sixtesnth, eighteenth, twentieth, twenty second, twenty fourth, twenty
sixth, twenty eighth, thirtieth and thirty second vertical sections, are able to reflect
the eleventh laser pulse 8", from any of the first, the second and the third high
contrast targets 8, 8', 8", toward the single detector element 18 for detection and
processing while the remaining mirco-mirrors which are arranged in the “off” position,
i.e., the first, third, fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth,
nineteenth, twenty first, twenty third, twenty fifth, twenty seventh, twenty ninth, and
thirty first vertical sections, reflect the light toward the light trap 28 and thus are
unable to reflect the eleventh laser pulse 6™, from any of the first, the second and
the third high contrast targets 8, §', 8", toward the condenser arrangement 20 and
the single detector element 18 for detection and processing. The reflected eleventh
iaser pulse 8" from the first high contrast target 8 is received before the reflected
sleventh laser pulse 8™ from the second high contrasttarget 8, and the reflected
eleventh laser pulse 6™ from the second high contrast target 8 is received before
the reflected sleventh laser pulse 8™ from the third high contrast target 8",
[0104] Before the twelfth laser pulse 8"""" is emilted by the laser transmitter 4 and
is reflected, by each of the first, the second and the third high contrast targets 8, 8§/,
8" toward and focused by the object lens 10 at the digital micro-mirror device 14,
the microprocessor 36 again changes the positions of the micro-mirrors 16 so that
the micro-mirrors 18 are now arrangad in a tweifth pattern, as shown in Fig. 8L

However, according to this pattern, the digital micro-mirror device 14 is divided into
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sixty four equal horizontal sections with the micro-mirrors 16 of the first, third, fifth,
seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth, nineteanth, twenty first,
twenty third, twenty fifth, twenty seventh, twenty ninth, thirly first, thirty third, thirty
fifth, thirty seventh, thirty ninth, forty first, forty third, forty fifth, forly seventh, forty
ninth, fifty first, fifty third, fifty fifth, fifty seventh, fifty ninth, sixty first and sixty third
horizontal sections all arranged in the “on” position, generally shown as reference
numeral 18", while the micro-mirrors 16 of the second, fourth, sixth, eighth, tenth,
twelfth, fourteenth, sixieenth, eighteenth, twentieth, twenty second, twenty Tourth,
twenty sixth, twenty eighth, thirtieth, thirty second, thirty fourth, thirdy sixth, thirty
eighth, fortieth, forty second, forty fourth, forty sixth, forty eighth, fiftieth, fifty second,
fifty fourth, fifty sixth, fifty eighth, sixtieth, sbity second and sixty fourth horizontal
sections all arranged in the “off” position, generally shown as reference numeral 168",
As a result, only the first half of the micro-mirrors 16 which are arranged in the "on”
position, L.e., the first, third, fifth, seventh, ninth, eleventh, thirteenth, fifteenth,
seventeenth, nineteenth, twenty first, twenty third, twenty fifth, twenty seventh,
twenty ninth, thirty first, thirty third, thirty fifth, thirly seventh, thirty ninth, forty first,
forty third, forty fifth, forty seventh, forty ninth, fifty first, fifty third, fifty fifth, fifty
seventh, fifty ninth, sixty first and sixty third horizontal sections are able to reflect the
twelfth laser pulse 87", from any of the first, the second and the third high contrast
targets 8, 8', 8", toward the single detector element 18 for detection and processing
while the remaining mirco-mirrors which are arranged in the "off” position, i.e., the
second, fourth, sixth, eighth, tenth, twelfth, fourteenth, sixteenth, eighieenth,
twentieth, twenty second, twenty fourth, twenty sixth, twenty eighth, thirlieth, thirty
second, thirty fourth, thirty sixth, thirty eighth, fortieth, forty second, forty fourth, forty
sixth, forty eighth, fiftieth, fifty second, fifty fourth, fifty sixth, fifty eighth, sixtieth, sixty
second and sixty fourth horizontal sections, reflect the light toward the light trap 28
and thus are thus unable to reflect the twelfth laser pulse 8", from any of the first,
the second and the third high contrast targets 8, 8, 8", toward the condenser

arrangement 20 and the single detector element 18 for detection and processing.

The reflected twelfth laser pulse 8™ from the first high contrast target 8 is
received before the reflected twelfth laser pulse 8" from the second high contrast
target 8, and the reflected twelfth laser pulse 8" from the second high contrast
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target 8' is received before the reflected twelfth laser pulse 8" from the third high
contrast target 8"

[0105] Before the thirteenth laser pulse 8™ is emitted by the laser transmitter 4
and is reflected, by each of the first, the second and the third high contrast fargets
8, &' 8" toward and focused by the object lens 10 at the digital micro-mirror device
14, the microprocessor 36 again changes the positions of the micro-mirrors 16 so
that the micro-mirrors 16 are now arranged in a thirteenth pattern, as shown in Fig.
8M. According to this pattern, the digital micro-mirror device 14 is divided into sixty
four equal vertical sections with the micro-mirrors 16 of the second, fourth, sixth,
gighth, tenth, twelfth, fourteenth, sixteenth, eighteenth, twentieth, twenty second,
twanty fourth, twenty sixth, twenty eighth, thirtieth, thirty second, thirty fourth, thirty
sixth, thirty eighth, fortieth, forty second, forty fourth, forty sixth, forty eighth, fiftieth,
fifty second, fifty fourth, fifty sixth, fifty sighth, sbxdieth, sixty second and sixty fourth
vertical sections all arranged in the “on” position, generally shown as reference
numeral 16', while the mirco-mirrors of the first, third, fifth, seventh, ninth, eleventh,
thirteenth, fifteenth, seventeenth, nineteenth, twenty first, twenty third, twenty fifth,
twenty seventh, twenty ninth, thirty first, thirly third, thirty fifth, thirty seventh, thirty
ninth, forty first, forty third, forty fifth, forty seventh, forty ninth, fifty first, fifty third, fifty
fifth, fifty seventh, fifty ninth, sixty first and sixty third vertical sections all arranged
in the “off’ position, generally shown as reference numeral 16", As aresult, only the
first half of the micro-mirrors 18 which are arranged in the “on” position, ie., the
second, fourth, sbah, sighth, tenth, twelfth, fourteenth, sixteenth, eighieenth,
twentieth, twenty second, twenty fourth, twenty sixth, twenty eighth, thirtieth, thirty
second, thirty fourth, thirty sixth, thirty eighth, fortieth, forty second, forty fourth, forty
sixth, forty eighth, fiftieth, fifty second, fifty fourth, fifty sixth, fifty eighth, sixtieth, sixty
second and sixty fourth vertical sections, are able to reflect the thirteenth laser puise
g from any of the first, the second and the third high contrast targets 8, 8', 8",
toward the single detector element 18 for detection and processing while thé
remaining micro-mirrors which are arranged in the “off” position, Le., the first, third,
fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventsenth, nineteenth, twenty
first, twenty third, twenty fifth, twenty seventh, twenty ninth, thirty first, thirty third,
thirty fifth, thirty seventh, thirty ninth, forty first, forty third, forty fifth, forty seventh,
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forty ninth, fifty first, fifty third, fifty fifth, fifty seventh, fifty ninth, sixty first and sixty
third vertical sections, reflect the light toward the light trap 28 and thus are unable
to reflect the thirteenth laser pulse 8™ from any of the first, the second and the
third high contrast targets 8, &', 8", toward the condenser arrangement 20 and the
single detector element 18 for detection and processing. The reflected thirteenth
laser pulse 8™ from the first high contrasttarget 8 is received before the reflecied
thirteenth laser pulse 8™ from the second high contrast target &', and the
reflectad thirteenth laser pulse 6" from the second high contrast target 8' is
received before the reflected thirteenth laser pulse 6™ from the third high
contrast target 8",

[0106] As a result of the above detection and processing, the multifunctionsl
rangefinder 2 is able to process a plurality of different reflected laser pulses,
substantially at the same time. s to be appreciated that greater or finer fidelity is
desired or reguired for the multifunctional rangefinder 2, then two or possibly four or
more additional sequential laser pulses can be transmitted by the laser transmitter
4 toward the desired scene 26 so as to increase the total number of sequential laser
puises {o either 15 or 17 sequential laser pulses, or possibly more sequential laser
pulses, instead of 13 sequential laser pulses, without departing from the spirit and
scope of the present invention.

31077 it is to be appreciated that the above process of transmitting 13 laser pulses
toward a desired scene 26 and recelving and processing the 13 reflecled laser
pulses 8, 6', 6" 8™ 6™ g, g7, g g, T, ghttr g gh i occurs within
a matter of a few milliseconds or so. As a resull, the multifunctional rangefinder 2
is quickly and reliably able to determine the precise location of each of the first, the
second and the third high contrast targets 8, 8', 8" located within the scene 26 being
observad. That is, the multifunctional rangefinder 2 is readily able to defermine
which of a very small number of micro-mirrors 16, e.g., 1-10 micro-mirrors or so,
isfare raceiving the reflective light from the first high contrast target 8, the second
high contrast target 8, and the third high contrast target 8", Thereafter, the
mutftifunctional rangefinder 2 can then locate first, second and third sets of cross-
hairs 30, 30', 30" of a reticle at the precise location of each of the first high contrast

target 8, the second high contrast target &', and the third high contrast target 8"
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located within the field of view, as diagramimatically shown in Fig. 8N. Once the
cross-hairs 30, 30, 30 of the reticle are coincident with the current location of the
high contrast target 8, then other appropriate action can occur, e.g., a projectile can
be fired at that high contrast target 8, 8 or 8", a laser can be pointed at that high
contrast target 8, 8 or 8" to aid air support in firing a desired projectile at that high
contrast target 8, 8' or 8", a sniper can readily locate and fire at that high contrast
target 8, 8' or 8", efc.

10108] As is apparent from the above discussion, the sequence of turning “"on” and
“off” various sections of the micro-mirrors 18 result in process of elimination of the
micro-mirrars 16 in order o determine which micro-mirror, or relatively small group
of micro-mirrors 18, is receiving and reflecting the light from the high contrast
target(s) 8. ltis to be appraciated that while the above disclosure generally indicates
that the odd numbered sections are in the “on” position while even-numbered
sections are in the “off’ position for the odd numbered patterns, while the odd
numbered sections are in the “off” position and the even-numbered sections are in
the “on” position for each even numbered pattern, the "on” and “off” positions could
be reversed without departing from the spirit and scope of the present invention. In
addition, the number of micro-mirrors 16 which are included as part of each section
can vary, depending up on the overall number of micro-mirrors forming part of the
digital micro-mirror device 14, Lastly, it is to be appreciated that there are a variety
of other arrangements (see Figs. 5A-5H for example) which could readily result in
process of elimination to determine which micro-mirror, or group of micro-mirrors 186,
is raceiving the light from the high contrast targel(s) 8 and all such variations are
considered to be within the spirit and scope of the present invention. The important
aspect is that the sequential series of pulses, L.e., a set of 13 sequentially reflected
laser pulses 6, §', 6", 8™, 8", g™, g™, M, g, M g G 7Y and the
methodical sequence of turning “on” and "off” various sections of the micro-mirrors
16 result in process of slimination of the micro-mirrors 16 in order to determine
which micro-mirror, or relatively small group of micro-mirrors 18, is receiving and
reflecting the light from the high contrast target(s) 8.

{0108] As briefly shown in Figs. 5A-5H, the microprocessor 36 will activate one or

more contiguous horizontal {or vertical) rows of the micro-mirrors 16 to be in all
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arranged in the "on” position, generally shown as reference numeral 16' for
reflecting light toward the single detector element 18 for detection while all of the
remaining micro-mirrors 16 are all arranged in the “off” position, generally shown as
reference numeral 168" in Fig. BA. The microprocessor 36 will then determine if any
reflectad light is detected by that contiguous horizontal {or vertical) rows of the
micro-mirrors 18. if not, the microprocassor 36 will then will activate a second one
or more contiguous horizontal {or vertical} rows of the micro-mirrors 16 {o be in all
arranged in the “on” position, generally shown as reference numeral 16" in Fig. 5B,
for reflecting light toward the single detector element 18 for detection while all of the
remaining micro-mirrors 16 are all arranged in the "off” position, generally shown as
reference numeral 18", The microprocessor 36 will then determine if any reflected
light is detected by that contiguocus horizontal (or vertical) rows of the micro-mirrors
16. This process is repeatad until the single detector element 18 eventually detects
reflected light from that contiguous horizontal (or vertical) rows of the micro-mirrors
18, as generally shown in Figs. 5C and 5D,

[0110] Thereafter, the microprocessor 38 will activate one or more conliguous
vertical {or horizontal) rows of the micro-mirrors 16 to be in all arranged in the “on”
position, generally shown as reference numeral 16" in Fig. BE, for reflecting light
toward the single detector element 18 for detection while all of the remaining micro-
mirrors 16 are all arranged in the “off” position, generally shown as reference
numeral 16". The microprocessor 36 will then determine if a greater amount of the
reflacted light is detected by that contiguocus horizontal {or vertical) rows of the
micro-mirrors 18, If not, the microprocessor 38 will then will activate a second one
or more contiguous horizontal {or vertical) rows of the micro-mirrors 16 to be in all
arranged in the “on” position, generally shown as reference numeral 16" in Fig. 5F,
for reflecting light toward the single detector element 18 for detection o determine
if a greater amount of the reflected light is detected by the single detector element
18 while all of the remaining micro-mirrors 16 are all arranged in the "off” position,
generally shown as reference numeral 16" in Fig. 5F. This process is repeated until
the single detector element 18 detects a desired amount of the reflected light from

that contiguous horizontal {or vertical) rows of the micro-mirrors 16 in order to
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determing which micro-mirror, or relatively small group of micro-mirrors 16, is
receiving and reflecting the light from the high contrast target(s) 8.

10111} Once the above ocowrs, the multifunctional rangefinder 2 can then preform
the limited aperture process to calibrate precisely the cross-hairs 30 with the array
of § (16 or possibly 25) micro-mirrors which are receiving the light and thereafter
align the cross-hairs 30 with that array to calibrate the multifunctional rangefinder 2.

10112] Turning now to Fig. 4, a variation or second embodiment of the present
invention will now be described. As this embodiment is very similar {o the praviously
discussed embodiment, only the differences betwaen this new embodiment and the
previous embodiment will be discussed in detall while identical elements will be
given identical reference numerals.

10113] According to this embodiment, the multifunctional rangefinder 2 is equipped,
in addition to being able to function as a conventional rangefinder, with a low cost
see-spot with a limiter which assists with calibrating the cross-hairs 30 of the
multifunctional rangefinder 2. The multifunctional rangefinder 2 has a first mode of
operation which includes a laser transmitier 4 {for a laser rangefinder LRF} which is
designed to transmit a laser pulse 6 at a desired target 8. As the transmitted laser
pulse 8 propagates toward the desired target 8, the transmitted laser pulse 6 will
strike and be reflected back by the desired target 8 toward the multifunctional
rangefinder 2. The multifunctional rangefinder 2 includes an object lens 10 which
is located at an inlet of the multifunctional rangefinder 2 for capturing the reflected
fight and imaging the reflected light at a (first) digital micro-mirror device 14. During
the first mode of operation, all of micro-mirrors 16 of the digital micro-mirror device
14 arranged fo reflect ali of the imaged light toward a single detector element 18.
An optical condenser arrangement 20, e.g., a pair of lenses according in this
embodiment, is arranged to focus the light reflected by the digital micro-mirror device
14 at the single detector element 18,

[0114] The single detector element 18 then receives and detects the imaged light,
in a conventional manner, and, depending upon the detected results of the imaged
light, transmits a signals corresponding of the detected image {o an analog/digital
convertar A/D, where the signals are processed, in a conventional manner, {o

determine the distance of the desired target 8 from the multifunctional rangefinder
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2, and that information is then displayed on a screen or other display D of the
multifunctional rangefinder 2 {o the operator.

[0115] The multifunctional rangsfinder 2 also has a second mode of operation which
the multifunctional rangefinder 2 initially functions in a passive mode in which the
object lens 10 merely receives the emitted light, from a desired scene, and images
the same on the digital micro-mirror device 14 and ultimately the single detector
glement 18. The laser transmitter 4 will then transmit a laser pulse G at a desired
target 8 which is coincident with the cross-hairs 30 of the multifunctional rangefinder
2. As the transmitted laser puise 6 propagates toward the desired target 8 which is
coincident with the cross-hairs 30 of the multifunctional rangefinder 2, the
transmitted laser pulse 6 will strike and be reflected back by the desired farget 8
toward the multifunctional rangefinder 2 and eventually be captured by the object
lens 10 of the multifunctional rangefinder 2 and focused at the digital micro-mirror
device 14, as shown in Fig. 4A.

{01167 The microprocessor 38 will activate an adjustable limiting aperture 32, having
a desired size aperture 34 {e.g., 3 micro-mirrors by 3 micro-mirrors, 4 micro-mirrors
by 4 micro-mirrors, 5§ micro-mirrors by 5 micro-mirrors, eic., depending upon the
overall diameter of the transmitted laser beam &, which are currently coincident with
the cross-hairs 30 of the multifunctional rangefinder 2. The adjustable limiting
aperture 32, with the desired sized aperiure 34, is diagrammatically shown in Fig.
4B8. For arelatively smaller sized laser beam, an array of 8 micro-mirrors is typically
required, e.q., the aperture 34 comprises an array of 3 x 3 micro-mirrors, and these
9 { or possibly 16, e.g., 4 x4 micro-mirrors, or 25, e.g., 5 x & micro-mirrors, for larger
diameter laser beams) micre-mirrors 16 are generally sufficient to reflect
substantially all, e.g., about 88-100% and more preferably reflect about 98%, of the
reflected laser beam 6 toward the single detecior element 18 for detection.

10117} if the single detector element 18 datects at least 86% of the reflecled laser
beamn, then the cross-hairs 30 of the multifunctional rangefinder 2 are deemed by the
microprocessor 36 {0 be sufficiently calibrated with respect to the multifunctional
rangefinder 2, i.e., the cross-hairs 30 are properly aligned with the array of 8 micro-
mirrors which are reflecting at least 86% of the reflected laser beam, and further

calibration of the cross-hairs 30, e.g., up or down and/or left orright movemaent ofthe
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cross-hairs 30, is generally not required or necessary. However, if the single
detector element 18 detects less than 86% of the reflected laser beam 6 or possible
none of the reflected laser 6, then calibration of the cross-hairs 30 is generally
required. It is to be appreciated that calibration of the cross-hairs 30 of the
multifunctional rangefinder 2 may possibly be required if the multifunctional
rangefinder 2 is drop or otherwise is significantly impacted or possibly if there has
been sufficiently long period of time since the last time the multifunctional
rangefinder 2 was calibrated.

(0118} When calibration of the cross-hairs 30 is requirad, e.g., less than 868% of the
reflected laser beam 6 is detected by the single detecior element 18, the
microprocessor 36 will then turn “off” 3 {or possibly 4 or § micro-mirrors for a larger
aperture) micro-mirrors 18 of the array of @ micro-mirrors, e.g., the three micro-
mirrors 16 in the bottom {or top) horizontal row of the array and then turn “on” 3 (or
possibly 4 or § of the aperture is larger) new micro-mirrors 16 located in the
harizontal row immediately vertically above (or below) the array of 8 micro-mirrors,
to thereby form a new array of 8 micro-mirrors 16 (as shown in Fig. 4C) which are
now positioned for reflecting the reflected laser beam 6 toward the single detecfor
element 18 for detection. This process also has the effect of adjusting the location
of the fimiting aperture 32. Thereafter, another laser pulse § is propagatad by the
laser transmitter 4 toward the calibrating target, e.g., a flat surface, and reflected
back by the calibrating target toward the object lens 10 of the multifunctional
rangefinder 2 for detection. If such adjustment of the location of the limiting aperture
32 results in the single detector element 18 now detecting at least 86% of the
reflected laser beam 6, then the cross-hairs 30 are digitally moved by the
microprocassor 38 so as to be coincide with the current location of the limiting
aperture 32, e.g., this new array of 9 micro-mirrors 18, and calibration process is
then terminated.

{0119} However, if such adjustment does notresult in the single detectorelement 18
detecting at least 86% of the reflected laser beam 8, the calibration process
continues. it is to be appreciated that if the amount of the reflected laser beam 8,
detected by the single detector element 18 for this new array of 9 micro-mirrors 186,

is greater than the previous amount of light detected by the single detector element
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18, then the microprocessor 38 will now turn “off” 3 {or possibly 4 or & micro-mirrors
for a larger apertura) more of the micro-mirrors 16 of the array of 8 micro-mirrors,
e.g., the three micro-mirrors 18 currently located in the bottom (or top) horizontal row
of the array and tum "on” 3 new micro-mirrors 16 located in the horizontal row
immaediately vertically above (or below) the new array of 8 micro-mirrors, to thereby
form a still further new array of @ micro-mirrors 16 which are now suitably positioned
to reflect the reflectad laser beam § toward the single detector element 18 for
detection, as shown in Fig. 4D. Thereafter, another lasar pulse § is propagated by
the laser tfransmitter 4 toward the calibration target and reflected back toward the
object lens 10 of the multifunctional rangefinder 2 for capture. If such adjustment of
the location of the limiting aperture 32 results in the single detector element 18 now
detecting at least 88% of the reflected laser beam 6, then the cross-hairs 30 are
digitally aligned to coincide with the current location of the limiting aperture 32, e.g.,
this new array of @ micro-mirrors 18, and the calibration process terminates.

10120} Alternatively, if the amount of the reflected laser beam & detected by the
single detector element 18 for this new array of 9 micro-mirrors 16 is less than the
previous amount of reflectad light detected by the single detector element 18, then
the microprocessor 38 returns back to the immediate preceding array of 9 micro-
mirrors 18, as shown in Fig. 4C. That is, the microprocessor turns “off” the 3 (or
possibly 4 or 5 of the aperture is larger) micro-mirrors 18 in the top {or bottom)
horizontal row of the new array of 8 micro-mirrors and then turn back “on” 3 {or
possibly 4 or 5§ of the aperture is larger) micro-mirrors 16 of the array of 8 micro-
mirrors, .9., the three micro-mirrors 16 located horizontal row immediately vertically
below {or above) the array of 9 micro-mirrors 16 since this array of @ micro-mirrors
16 reflected a greater amount of the reflected laser beam 6 toward the single
detector element 18.

10121} As the single detector element 18 is still not detecting at least 86% of the
reflected laser beam 8, then the microprocessor 36 will turn “off” 3 {or possibly 4 or
5 micro-mirrors if the aperfure is larger) more of the micro-mirrors 16 of the array of
9 micro-mirrors, @.q., the three micro-mirrors 16 located in the vertical row located
immadiately along the eft {or right) hand side of the current array of 8 micro-mirrors

16 and turn “on” 3 {or possibly 4 or 5 micro-mirrors if the aperture is larger) new
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micro-mirrors 16 located in a vertical row immediately adjacent to the right {or left)
hand side of the array of 9 micro-mirrors 16 to thereby form still another array of 9
micro-mirrors 18, as shown in Fig. 4E which are now positioned 1o reflect the
reflected laser beam 86 toward the single detector element 18 for detection,
Thereafter, another laser pulse 6 is propagated by the laser transmitter 4 toward the
calibration target and reflected back toward the object lens 10 of the multifunctional
rangefinder 2 for capture. If such adjustment of the location of the limiting aperture
32 results in the single detector element 18 now detecting at least 86% of the
reflected laser beam 8, then the cross-hairs 30 are aligned so as to coincide with the
current jocation of the limiting aperiure 32, e.g., this new array of 8 micro-mirrors 16,
and the calibration process is terminates. If the amount of the reflected laser beam
6 detected by the single detector element 18 for this new array of 9 micro-mirrors 16
is greater than the previous amount of light detected by the single detector element
18, then the microprocessor 36 will either continue moving in the limiting aperture
32, e.g., the array of @ micro-mirrors 16, in the current direction (toward the right) or
if the reflected laser beam 6 detected by the single detector element 18 for this new
array of 9 micro-mirrors 16 is less than the previous amount of light detectad by the
single detector element 18, then the microprocessor 36 will move the limiling
aperture 32, e.g., the array of 8 micro-mirrors 186, in the opposition direction {(foward
the left), as shown in Fig. 4F, until the single detector element 18 eventually detects
at least 86% of the reflected laser beam 6.

10122} This process of turning “on” and “off’ various combinations of the micro-
mirrors 16 for sequentially forming new arrays of 9 micro-mirrors 16 is repeated until
the single detector element 18 eventually detects at least 86% of the reflected laser
beam 8. Thereafter, the cross-hairs 30 are digitally aligned o coincide with the
current location of the limiting aperture 32, e.g., this last array of § micro-mirrors 16
which reflected least 88% of the reflected laser beam 6 toward the single detector
element 18, and the calibration process is then terminated.

[0123] By selectively turning “on” and “off” various rows of typically between 3-5
micro-mirrors 16, the location of the aperture 34 of the limiting aperture 32 can be
seguentially moved left and/or right and up andfor down across the digital micro-

mirror device 14 until the array of 9 {or possibly 16 or 25) micro-mirrors 16 reflects
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at least 86% of the light captured by the object lens 10, itis to be appreciated that
there are a variety of the technigues for verifying the alignment of the cross-hairs 30
of the multifunctional rangefinder 2 with the array of 8 micro-mirrors 16 which are
actually receiving the light reflected by the calibration target toward the
multifunctional rangefinder 2 for determining whether or not calibration is necessary
and such variations are all considered to fall within the spirit and scope of the
present invention.

{0124} in the event that the single detector element 18 does not detect any of the
reflected laser beam §, then the size of the aperture 34 of the limiting aperture 32
can be significantly increased, &.q., the aperture 34 may be gradually increased {o
8 micro-mirrors by 6 micro-mirrors, 7 micro-mirrors by 7 micro-mirrors, 8 micro-
mirrors by 8 micro-mirrors, 9 micro-mirrors by 9 micro-mirrors, 10 micro-mirrors by
10 micro-mirrors efc., as diagrammatically shown in Fig. 4G, until the single detecior
glameant 18 eventually detects some of the reflectad light from the calibration targetl.
Once the reflectad laser beam 8 is detected by the single detector element 18, then
the microprocessor 386 gradually reduces the size of the aperture 34 of the limiling
aperture 32, in a methodical fashion, e.q., from the left or the right or the top or the
bottom, to determine which array of 9 micro-mirrors 16 { or possibly 18, e.g., 4 x4
micro-mirrors, or 25, e.q., 8 x 5 micro-mirrors, for larger diameter laser beams} is
able to reflect at least 86% of the refiected laser beam 6 toward the single detector
element 18 for detection. After this occurs, the cross-hairs 30 are then digitally
aligned to coincide with the current location of the limiling aperiure 32, e.g., this new
array of 9 micro-mirrors 18, and the calibration process is then terminated.

{0125] it is to appreciated that the propagation of a laser beam is dependent upon
temperature.  Accordingly, it may be necessary o periodically recalibrate the
muttifunctional rangefinder 2, especially when using the multifunctional rangefinder
2 in either an extramely hot conditions or an exiremely conditions. The
microprocessor 36 preferably has storage for maintaining a log concerning each
calibratefrecalibration of the multifunctional rangefinder 2. The number of times that
the multifunctional rangefinder 2 is recalibrate can provide useful information relating
to the reliability of the multifunctional rangefinder 2. Moreover, in the event that the

cross-hairs 30 of the multifunctional rangefinder 2 repeatedly require recalibration,



WO 2017/197250 PCT/US2017/032383

this could signify that there may be a more serious problem or issue with the
multifunctional rangefinder 2 and the multifunctional rangefinder 2 should probably
be returned for servicing of the multifunctional rangefindear 2.

[0126] Turning now to Fig. 8, a third embodiment of the present invention will now
be described. As this embodiment is very similar {o the previously discussed
embodiments, only the differences between this new embodiment and the previous
embodimenis will be discussed in detail while identical elements will be given
identical reference numerals.

{0127} According to this embodiment, the multifunctional rangefinder 2 is equipped,
in addition to being able to function as a conventional rangsfinder, with a spatial
scanner with a wavelength synthesizer which is useful in determining the
composition of one or more gases located within the field of view. As shown in this
figure, the multifunctional rangefinder 2, similar to the previous embodiments, has
a first mode of operation which includes a laser transmitter 4 (for a laser rangefinder
LRF) which is designed fo transmit a laser pulse 6 al a desired target 8.

{0128} In addition, similar to the previous embodiments, the mullifunctional
rangefinder 2 includes an object lens 10 which is located at an inlet 12 of the
multifunctional rangefinder 2 for capturing the reflected light and imaging the
reflected light at a first digital micro-mirror device 14, During the first mode of
operation, all of micro-mirrors 16 of the first digital micro-mirror device 14 are
arranged to reflect all of the imaged light toward a grating 42 which is designed to
separate and disperse the received light into i3 various wavelengths/colors.

10129} A first collimating lens 40 is located between the first digital micro-mirror
device 14 and the grating 42 for focusing the light from the first digital micro-mirror
device 14 at the grating 42.  As the focused light from the first digital micro-mirror
device 14 impinges off the grating 42, the light is refracted by the grating 42 into its
various wavelengths/colors. The light refracted by the grating 42 is then reflected
by the grating 42 toward a second digital micro-mirror device 46, such as one
manufactured by Texas Instruments as model no DLP2010NIR. A second
collimating lens 44 is located betwsen the grating 42 and the second digital micro-
mirror device for focusing the refracted light from the grating 42 toward and at the

second digital micro-mirror device 46.
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(G130} During the first mode of operation, all of micro-mirrors 16 of the second digital
micro-mirror device 46 are also arranged in the “on” position so as to reflect all of the
refracted Hght toward a single detector element 18, e.g., such as an InGaAs APD,
100 MHZ receiver (InGaAs is for 1 {o 1.7 pm SWIR while Silicon is for 0.4 to 1.0 um
Visible/ NIR). An optical condenser arrangement 20, e.g., a pair oflenses according
in this embodiment, is located between the second digital micro-mirror device 46 and
the single detector element 18 for focusing the light reflected by the second digital
micro-mirror device 48 at the single detector element 18, The single delector
glement 18 then receives and detects the imaged light from the second digital micro-
mirror device 46, in a conventional manner, and, depending upon the detected
resulis of the imaged light, fransmits signals corresponding of the detected image
to an analog/digital converter A/D, where the signals are processed, in a
conventional manner, to determine the distance of the desired target 8 from the
multifunctional rangefinder 2, and that information is then displayed on a screen or
other display D of the multifunctional rangefinder 2 to the operator.

[0131] The multifunctional rangefinder 2 is also eguipped, in addition {o being able
to function as a conventional rangefinder, with a spatial scanner with a wavelength
synthesizer.  According to a second mode of operation, the multifunctional
rangefinder 2 is pointed by an operator to a desired scene 26 which is to be
chserved by the multifunctional rangefinder 2. The object lens 10 of the
multifunctional rangefinder 2 captures the received light and images the same onrthe
first digital micro-mirror device 14. A relative small area, group or section of the
micro-mirrars 16 of the first digital micro-mirror device 14 are ali arranged in the "on”
position for reflacting the received light toward the first collimating lens 40 and the
grating 42, for diffraction in a conventional manner, while ali of the remaining micro-
mirrors 18 of the first digital micro-mirror device 14 are all arranged in the “off’
position and thereby reflect the raceived light from the object lens 10 toward a light
trap 28.

{0132} As diagrammatically shown in Fig. 8A, the first digital micro-mirror device 14
is divided into twenty five equal areas, groups or sections, e.¢., an array of five
horizontal rows or sections and each horizontal row comprising five equal

seguentially arranged sections of micro-mirrors 16 which are operated in & desired
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sequence. Thatis, each one of the micro-mirrors 16 located within the twenty five
equal areas, groups or sections are operated in unison with one another, Le., they
are all turned “on” or all turned “off” together with one another. According 1o this
embuodiment, each one of the twenty five egual sections is, in turn, sequentially
arranged in the “on” position while each one of the remaining fifteen sections of the
first digital micro-mirror device 14 are all arranged in the "off” position. Thatis, when
the first section {e.g., first row, first section in the upper left hand cormner of Fig. 8A}
of the first digital micro-mirror device 14 is activated, each one of the micro-mirrors
16 located within this first section is arranged in the "on” position, L.e., all of the
micro-mirrors 16 in the first section are arranged {o reflect light toward the first
collimating lens 40, the grating 42, the second collimating lens 44, the second digital
micro-mirror device 46 and the single detector element 18 for detection, while all of
the remaining micro-mirrors 18, in the second through twenty five sections, are
arrangead in the “off’ position and reflect light toward the light trap 28.

[0133] Once the single detector element 18 detects the necessary information from
the first section of the first digital micro-mirror device 14 in a conventional manner,
the second saction (e.g., the top first row, the section second from the leftin Fig. 8A)
of the first digital micro-mirror device 14 is then activated so that each one of the
micro-mirrors 18 located within this second section is arranged in the "on” position,
e, all of the micro-mirrors 16 in the second section are arranged to reflect light
toward the first collimating lens 40 for detection by the single detector element 18,
while all of the remaining micro-mirrors 18 in the first and the third through twenty
fifth sections are arranged in the "off” position and reflect light toward the light trap
28.

[0134] Once the single detector element 18 detects the necessary information, as
discussed below, the third section (&.g., top first row, the section third from the left
in Fig. 8A) of the first digital micro-mirror device 14 is then activated so that each
one of the micro-mirrors 16 located within this third section is arranged in the “on”
position, L.e., all of the micro-mirrors 16 in the third section are arranged to reflect
Hight toward the first collimating lens 40 for detection by the single detector slement

18, while all of the remaining micro-mirrors 16 in the first, the second and the fourth
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through twenty fifth sections are arranged in the “off” position and reflect light toward
the light trap 28.

{0135} Once the single detector slement 18 detects the necessary information, as
discussed below, the fourth section {e.g., the top first row, the section fourth from the
left in Fig. 6) of the first digital micro-mirror device 14 is thaen aclivated active so that
each one of the micro-mirrors 16 located within this fourth section is arranged in the
“on” position, i.e., ali of the micro-mirrors 16 in the fourth section are arranged to
reflect light toward the first collimating lens 40 for detection by the single detector
slament 18, while all of the remaining micro-mirrors 16 in the first through the third
and the fifth through the twenty fifth sections are arranged in the “off” position and
reflect light toward the light trap 28.

10136} Once the single detector element 18 detects the necessary information in a
conventicnal manner, the fifth section (2.9., the top first row, the section fifth from
the left in Fig. 8A) of the first digital micro-mirror device 14 is then activated active
so that each one of the micro-mirrors 16 located within this fifth section is arranged
in the "on” position, i.e., all of the micro-mirrors 16 in the fifth section are arranged
to reflact light toward the first collimating lens 40 for detection by the single detector
element 18, while all of the remaining micro-mirrors 16 in the first through the fourth
and the sixth through the twenty fifth sections are arranged in the "off’ position and
reflect light toward the light trap 28.

{0137] The above process is then repeated for each of the five sections located in
the second row form the top (the sixth section through the tenth section), each ofthe
five sections located in the third row from the top {the sleventh section through the
fifteen saction), each of the five sections located in the fourth row from the top (the
sixteenth section through the twentieth section) and finally for each of the five
sections located in the fifth row {the twenty first section through the twenty fifth
section} of micre-mirrors 16. It is to appreciated that the first digital micro-mirror
device may be divided or sectioned into more than twenty fifth areas, groups or
sections, if greater fidelity is desired or required, or may be divided or sectioned into
less than twenty fifth areas, groups or sections, if less fidelity is desired or required,

without departing from the spirit and scope of the present invention.
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10138] As diagrammatically shown in Fig. 6B, the second digital micro-mirror device
46 is divided into a plurality of generally equal lateral segmaents, e.g., from between
84 to as many as 1920 egual lateral segments, depending upon the width of the
second digital micro-mirror device 468 and the desired fidelity, and each latera
segment extends from a first (bottom) lateral edge of the second digital micro-mirror
device 46 to an opposed second (top) Iateral edge of the second digital micro-mirror
device 48. Each one of the plurality of lateral segments has a width which typically
comprises betwean of 1 to 20 micro-mirrors 186 or so, depending upon the size of the
second digital micro-mirror device 46 and the desired fidelity to be achieved

10139] According to this embodiment, each one of the plurality of lateral segments
is seguentially arranged in the “on” position while all remaining lateral segments of
the plurality of lateral segments of the second digital micro-mirror device 46 are all
arranged in the “off” position. That is, when the first lateral segment 1% (e.g., Iateral
row located furthest to the right in Fig. 68) of the second digital micro-mirror device
46 is activated by the microprocessor 36, each one of the micro-mirrors 16 located
within this first lateral segment 1% is arranged in the “on” position, i.e., all of the
micro-mirrors 16 in the first lateral segment 1% are arranged to reflect the refracted
light from the grating 42 toward a condenser arrangement 20, e.g., a pair of
condensing lens, and the single detector element 18 for detection, while all of the
remaining micro-mirrors 16, in the remaining plurslity of lateral segments, are
arranged in the “off’ position and reflect light toward the light trap 28.

101401 Once the single detector element 18 detacts the necessary information from
the first lateral segment 1% of the second digital micro-mirror device 46 in a
conventional manner, then the second lateral segment 2™ (e.g., the lateral segment
located second from the right in Fig. 6B) of the second digital micro-mirror device 46
is then activated and each one of the micro-mirrors 18, forming part of this second
lateral segment 2™ is arranged in the "on” position, i.e., all of the micro-mirrors 16
in the second lateral segment 2™ are arranged to reflect light toward the pair of
condansing lens 20 and the single detector element 18 for detection, while all of the
remaining micro-mirrors 16 in the first and the third through the last lateral segments,
of the plurality of lateral segments, are arranged in the “off” position and reflect ight
toward the light trap 28.
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(0141} Cnce the single detector element 18 detects the necessary information in a
conventional manner, then the third lateral segment 3% (e.q., the lateral segment
located third from the right in Fig. 88) of the second digital micro-mirror device 46
is activated so that each one of the micro-mirrors 16, forming part of the third lateral
segment 37, is arranged in the “on” position, L.e., all of the micro-mirrors 16 in the
third lateral segment are arranged to reflect light toward the pair of condensing lens
20 and the single detector element 18 for detection, while ali of the remaining micro-
mirrors 18 in the first, the second and the fourth through the last iateral segments,
of the plurality of lateral segments, are arranged in the “off” position and reflect light
toward the light trap 28.

101421 Cnce the single detector element 18 detects the necessary information, then
the fourth lateral segment 4" (e.g., the lateral segment located fourth from the right
in Fig. 6B} of the second digital micro-mirror device 46 is then activated so that each
one of the micro-mirrors 16, forming part of the fourth lateral segment 4" is
arranged in the “on” position, i.e., all of the micro-mirrors 186 in the fourth lateral
segment 4" are arranged to reflect light toward the pair of condensing lens 20 and
the single detector slement 18 for detection, while ali of the remaining micro-mirrors
18 in the first, the second, the third, and the fifth through the last Iateral segments,
of the plurality of lateral segments, are arranged in the “off” position and reflect light
toward the light trap 28. The above process is then repeated for each one of the
plurality of lateral segments (i.e., the fifth [ateral segment section through to the last
lateral segment) until each one of the plurality of lateral segments sequentially
reflects light toward the single detector element 18 for detection in a conventional
manner.

[0143] it is to appreciated that the second digital micro-mirror device 48 may be
divided or saectionad into more [ateral segments, if greater fidelity is desired or
reguired, or may be divided or sectioned into less lateral segments, if less fidelity is

desired or required, without departing from the spirit and scope of the present

invention.
{0144] Operation as a Spatial Scanner
{0145] According this embaodiment, when the multifunctional rangefinder 2 functions

as a spatial scanner with a wavelength synthesizer, the multifunctional rangefinder
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2 operates as follows. The first section of the first digital micro-mirror device 14 is
first activated so that all of micro-mirrors 18 located within this first section are
arranged in the “"on” position for reflecting light toward the first collimating lens 40,
the grating 42, the second collimating lens 44, the second digital micro-mirror device
46 and the single detector element 18 for detection, while all of the remaining micro-
mirrors 16, in the second through twenty fith sections, are arranged in the “off’
position and reflect light toward the light trap 28, v

[31486] The diffracted light, from the grating 42, is separate into different wavelengths
with the magenta, red and orange light having the shorier wavelengths, e.g., about
800-800 um (which typically requires a silicon ADP), being reflected toward the right
hand side of the second digital micro-mirror device 46 while the violet, blue and cyan
fight having the longer wavelengths, e.g., about 375-500 pm, being reflected toward
the left hand side of the second digital micro-mirror device 46 and the yellow and
green light having a mid wavelength, 2.g., about 500-600 um, being reflected toward
the central region of the second digital micro-mirror device 46.

(01471 As this is ocourring, the first lateral segment 1% of the second digital micro-
mirror device 46 is activated so that each one of the micro-mirrors 16 located within
this first lateral segment is arranged in the “on” position and reflects the refracted
light, 2.g., generally the magenta light, from the grating 42 toward the pair of
condensing lens 20 and the single detector element 18 for detection in a
conventional manner, while all of the remaining micro-mirrors 18, in the remaining
plurality of lateral segments, are arranged in the "off” position and reflect light toward
the light trap 28.

[0148] Once the single detector element 18 detects the necessary information from
the first lateral segment 1% of the second digital micro-mirror device 46 in a
conventional manner, then the second lateral segment 2™ is activated and each one
of the micro-mirrors 18, forming part of this second lateral segment 2" s arranged
in the “on” position and reflects light toward the pair of condensing lens 20 and the
single detector element 18 for detection, while all of the remaining micro-mirrors 18
in the first and the third through the last iateral segments, of the plurality of lateral

segments, are arranged in the “off” position and reflect light toward the light trap 8.
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[0149] Next, the third lateral segment 3" is activaled zo that each one of the micro-
mirrors 16 of the third lateral segment 3™ is arranged in the “on” position and reflects
light toward the pair of condensing lens 20 and the single detector element 18 for
detection in a conventional manner, while all of the remaining micro-mirrors 16 inthe
first, the second and the fourth through the last lateral segments, of the plurality of
lateral segments, are arranged in the “off” position and reflect light toward the light
trap 28. The above process is then repeated for each one of the plurality of lateral
segments {i.e., the fourth lateral segment through the last lateral segment) until each
one of the plurality of lateral segments sequentially reflects light toward the single
detector element 18 for detection in a conventional manner.

10150] After the above cycle of the first through the last lateral segmenis is
completed, then the second section of the first digital micro-mirror device 14 is
activated so that each one of the micro-mirrors 18 forming part of the second section
is arranged in the “on” position for reflecting light from the scene being observed
toward the first collimating lens 40, the grating 42, the second coliimating lens 44,
the second digital micro-mirror device 46 and the single detector element 18 for
detection, while all of the remaining micro-mirrors 18 in the first and the third through
twenty fifth sections are arranged in the “off” position and reflectlight toward the light
trap 28.

10151] As the second section of the first digital micro-mirror device 14 is reflecting
light, the first lateral segment of the second digital micro-mirror device 46 is then
again activated so that each one of the micro-mirrors 18 located within this first
lateral segment 1% is arranged in the "on” position and reflects the refracted light,
&.¢., generally the magenta light, from the grating 42 toward the pair of condensing
lens 20 and the single detector element 18 for detection in a conventional manner,
while all of the remaining micro-mirrors 16, in the remaining plurality of lateral
segments, are arranged in the "off” position and reflect light toward the light trap 8.

(0152} Once the single detaector elemant 18 detects the necessary information from
the first lateral segment 1% of the second digital micro-mirror device 46 in a
conventional manner, then the second lateral segment 2™ ig activated and each one
of the micro-mirrors 18, forming part of this second lateral segment, is arranged in

the "on” position and reflects light toward the pair of condensing lens 20 and the
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single detector element 18 for detection, while all of the remaining micro-mirrors 16
in the first and the third through the last lateral segments, of the plurality of lateral
segments, are arranged in the “off” position and reflect light toward the light trap 28.

[0153] Next, the third lateral segment 37 is activated so that each one of the micro-
mirrors 18 of the third lateral segment 3™ is arranged in the “on” position and reflects
light toward the pair of condensing lens 20 and the single detector element 18 for
detection, while all of the remaining micro-mirrors 16 in the first, the second and the
fourth through the last lateral segments, of the plurality of lateral segments, are
arranged in the “off” position and reflect light toward the light trap 28. The above
process is then repeated for each one of the plurality of lateral segmenis (i.e., the
fourth lateral segment section through the last lateral segment) until each one of the
plurality of lateral segments sequentially reflects light toward the single deteclor
element 18 for detection in a conventional manner.

[0154] After the above cycle of the first through the last lateral segments is
completed, the third section of the first digital micro-mirror device 14 is then
activated so that each one of the micro-mirrors 18 forming part of the third section
is arranged in the “on” position for reflecting light toward the first collimating lens 40,
the grating 42, the second collimating lens 44, the second digital micro-mirror device
46 and the single detector element 18 for detection, while all of the remaining micro-
mirrors 16 in the first, the second and the fourth through twenty fifth seclions are
arranged in the "off” position and reflect light toward the light trap 28,

[0155] As the third section of the first digital micro-mirror device 14 is reflecting light,
the first lateral segment 1% of the second digital micro-mirror device 46 is then again
activated so that each one of the micro-mirrors 16 located within this first lateral
segment 19 is arranged in the “on” position and reflects the refracted light, e.g.,
generally the magenta light, from the grating 42 toward the pair of condensing lens
20 and the single detector element 18 for detection, while all of the remaining micro-
mirrors 16, in the remaining plurality of lateral segments, are arranged in the "off’
nosition and reflect light toward the light trap 28.

[0156] Once the single detector element 18 detacts the necessary information from
the first lateral segment 1% of the second digital micro-mirror device 46 in a

conventional manner, then the second lateral segment 2™ is activated and each one



WO 2017/197250 PCT/US2017/032383

of the micro-mirrors 18, forming part of the second lateral segment 2™, is arranged
int the "on” position and reflects light toward the pair of condensing lens 20 and the
single detector element 18 for detection, while all of the remaining micro-mirrors 16
in the first and the third through the last lateral segments, of the plurality of lateral
segments, are arranged in the “off” position and reflect hight toward the light trap 28,

10157] Next, the third lateral 2™ segment is activated so that each one of the micro-
mirrors 16 of the third lateral segment 3" is arranged in the “on” position and refiects
light toward the pair of condensing lens 20 and the single detector element 18 for
detection in a conventional manner, while all of the remaining micro-mirrors 16 inthe
first, the second and the fourth through the last lateral segments, of the plurality of
lateral segments, are arranged in the “off” position and reflect light toward the light
trap 28. The above process is then repeated for each one of the plurality of Iateral
segments (i.e., the fourth lateral segment section 4% through the last lateral
segment) until each one of the plurality of iateral segments sequentially reflects light
toward the single detector element 18 for detection in a conventional manner.

101581 After the above cycle of the first through the last lateral segments is
completed, the fourth section of the first digital micro-mirror device 14 is then
activated so that each one of the micro-mirrors 16 forming part of the fourth section
is arranged in the “on” position for reflecting light toward the first coliimating lens 40,
the grating 42, the second collimating lens 44, the second digital micro-mirror device
48 and the single detector element 18 for detection in a conventional manner, while
all of the remaining micro-mirrors 16 in the first, the second, the third and the fifth
through twenty fifth sections are arranged in the “off’ position and reflectlight toward
the light trap 28.

10159] As the fourth section of the first digital micro-mirror device 14 is reflecting
fight, the first Iateral segment 1% of the second digital micro-mirror device 46 is then
again activated so that each one of the micro-mirrors 16 located within this first
lateral segment 1% is arrangead in the "on” position and reflects the refracted light,
e.9., generally the magenta light, from the grating 42 toward the pair of condensing
lens 20 and the single detector element 18 for datection, while all of the remaining
micro-mirrors 18, in the remaining plurality of lateral segments, are arranged in the

“off” position and refiect light toward the light trap 28.
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{0160} Once the single detector element 18 detects the necessary information from
the first lateral segment of the second digital micro-mirror device 48, then the second
lateral segment 2™ is activated and each one of the micro-mirrors 16, forming part
of the second lateral segment 2™, is arranged in the "on” position and reflects light
toward the pair of condensing lens 20 and the single detector element 18 for
detection, while all of the remaining micro-mirrors 16 in the first and the third through
the last lateral segments, of the plurality of lateral segments, are arranged in the “off’
position and reflect light toward the light trap 28. Next, the third lateral segment 3
is activated so that each one of the micro-mirrors 16 of the third lateral segment is
arranged in the "on” position and reflects light toward the pair of condensing lens 20
and the single detector slement 18 for detection, while all of the remaining micro-
mirrors 16 in the first, the second and the fourth through the last lateral segments,
of the plurality of lateral segments, are arranged in the “off’ position and reflect light
toward the light trap 28. The above process is then repeated for each one of the
plurality of lateral segments (i.e., the fourth lateral segment section through the last
lateral segment) until each one of the plurality of lateral segments sequentially
reflects light toward the single detector element 18 for detection in a conventional
manner,

{0161] After the above cycle of the first through the last lateral segments is
completed, the fifth section of the first digital micro-mirror device 14 is then activaled
so that each one of the micro-mirrors 16 forming part of the fifth section is arranged
in the “on” position for reflecting light toward the first collimating lens 40, the grating
42, the second collimating lens 44, the second digital micro-mirror device 46 and the
single detector element 18 for detection in a conventional manner, while all of the
remaining micro-mirrors 16 in the first, the second, the third, the fourth and the sixth
through twenty fifth sactions are arranged in the "off” position and reflect light toward
the light trap 28,

{0162] As the fifth section of the first digital micro-mirror device 14 is reflecting light,
the first lateral segment 1% of the second digital micro-mirror device 46 is then again
activated so that each one of the micro-mirrors 16 located within this first lateral
segment 1% is arranged in the “on” position and reflects the refracted light, e.g.,

generally the magenta light, from the grating 42 toward the pair of condensing lens
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20 and the single detector element 18 for detection, while all of the remaining micro-
mirrors 18, in the remaining plurality of lateral segments, are arranged in the "off’
nosition and reflect light toward the light trap 28.

{0163] Once the single detector element 18 detects the necessary information from
the first lateral segment 1% of the second digital micro-mirror device 48, then the
second lateral segment 2™ is activated and each one of the micro-mirrors 16,
forming part of the second lateral segment 2, is arranged in the “on” position and
reflects light toward the pair of condensing lens 20 and the single detector element
18 for detection, while all of the remaining micro-mirrors 16 in the first and the third
through the last lateral segments, of the plurality of Iateral segments, are arranged
in the "off” position and reflect light toward the light trap 28. Next, the third lateral
segment 3" is activated so that each one of the micro-mirrors 16 of the third lateral
segment 3™ is arranged in the “on” position and reflects light toward the pair of
condensing lens 20 and the single detector element 18 for detection, while all of the
remaining micro-mirrors 16 in the first, the second and the fourth through the last
lateral segments, of the plurality of lateral segments, are arranged in the “off’
position and reflect light toward the light trap 28. The above process is then
repeated for each one of the plurality of lateral segments (i.e., the fourth latersl
segment through the last lateral segment) until each one of the plurality of iateral
segments sequentially reflects light toward the single detector element 18 for
detaction in a conventional manner.

[0164] The above process is then repeated for sach one of the five sections located in
the saecond row (the sixth section through the tenth section} of the first digital micro-
mirror device 14, each one of the five sections located in the third row (the eleventh
section through the fifteen section), sach one of the five sections located in the
fourth row (the sixtesnth section through the twentieth section) and finally each one
of the five sections located in the fifth row (the twenty first section through the twenty
fifth section) of micro-mirrors 18. Completion of the above process then finishes one
complete scan cycle of the multifunctional rangefinder 2 when funclioning as a
spatial scanner with a wavelength synthesizer.

10165] The each of the first and the second digital micro-mirror devices 14, 46

typically comprises an array of micro-mirrors ranges between 640 micro-mirrors by
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480 micro-mirrors up to an array of 1820 micro-mirrors by 1080 micro-mirrors. That
is, each digital micro-mirror device typically includes between 307,200 and
2,073,800 separate micro-mirrors which can be individually actuated.

10166} it is to be appreciated that the multifunctional rangefinder 2 may possibly be
incorporated into a pair of binoculars or some other optical viewing device to
provided added utility to the pair of binoculars or the other optical viewing device.
This, in turn, leads to a more compact pair of binoculars or other optical viewing
device and thus adds additional versatility and cost savings.

10187} While various embodiments of the present invention have been described in
detail, it is apparent that various modifications and alterations ofthose embodiments
will cccur to and be readily apparent to those skilled in the arl. However, itisto be
expressly understood that such modifications and alterations are within the scope
and spirit of the present invention, as set forth in the appended claims. Further, the
invention(s) described herein is capable of other embodiments and of being
practiced or of being carried out in various other related ways. In addition, itistobe
understood that the phraseology and terminology used herein is for the purpose of
description and should not be regarded as limiting. The use of “including,”
"comprising,” or "having,” and variations thereof herein, is meant to encompass the
temns listed thereafter and equivalents thereof as well as additional items while only
the terms “consisting of” and “consisting only of” are to be construed in a limitative
sense.

[0168] The foregoing description of the embodiments of the present disclosure has
heen presented for the purposes of illustration and description. {tis notintended to
be exhaustive or to limit the present disclosure {o the precise form disclosed. Many
modifications and variagtions are possible in light of this disclosure. ltis intended that
the scope of the present disclosure be limited not by this detailed description, but
rathar by the claims appendad hereto.

[0169] A number of implementations have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the
scope of the disclosure. Although operations are depicted in the drawings in &

particular order, this should not be understood as requiring that such operations be
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performed in the particular order shown or in sequential order, or that all illustrated

operations be performed, {0 achieve desirable results.
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Wherefore, | claim:

1. A multifunctional rangefinder capable of functioning as a rangefinder and
having at least one additional function, the multifunctional rangefinder comprising:

a laser transmitter for transmitling a laser pulse at at least one high contrast
target;

an cbject lens, located at an inlet of the multifunctional rangefinder, for
capturing light reflected by the at least one high contrast target and focusing the
reflected light at a first digital micro-mirror device, and the first digital micro-mirror
device having a plurality of micro-mirrors, and each of the plurality of micro-mirrors
having both an on position and an off position;

a single detector element for only receiving light reflected by the plurality of
micro-mirrors of the first digital micro-mirror device when in the on position;

an optical condenser arrangement located between the first digital micro-
mirror device and the single detector element; and

an analog/digital converter coupled to the single detector element for
processing signals detected by the single detector element,

2. The multifunctional rangefinder according to claim 1, wherein a
microprocessor is electrically coupled to the first digital micro-mirror device, the
single detector element and the analog/digital converter to control operation of the
multifunctional rangefinder while operating in at least first and second modes of
aperation.

3, The multifunctional rangefinder according to claim 1, wherein the object
lens, the first digital micro-mirror device, the single detector element, the oplical
condenser arrangement and the analog/digital are all accommuodated within a
rangefinder housing, and the rangefinder housing includes a button provided for
activating operation of the multifunclional rangefinder.

4. The multifunctional rangsfinder according to claim 1, wherein the
multifunctional rangefinder includes a light trap for receiving light reflected by each
one of the plurality of micro-mirrors located in the off position, while each one ofthe
plurality of micro-mirrors located in the on position reflects light toward the single

detector element.
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5. The multifunctional rangefinder according to claim 1, wherein when the
multifunctional rangefinder functions as the rangefinder, all of the pluraiity of micro-
mirrors are arranged in the on position for reflecting the light toward the single
detector element for detection and processing.

8. The multifunctional rangefinder according to claim 1, whersin the first
digital micro-mirror device comprise an array of between 6840 micro-mirrors by 480
micro-mirrors to between 1820 micro-mirrors by 1080 micro-mirrors.

7. The multifunctional rangefinder according o claim 1, wherein condenser
arrangement comprises a pair of lenses.

8. The multifunctional rangefinder according to claim 1, wherein the
multifunctional rangefinder includes a dispersing lens which has an inactive position
in which the dispersing lens does not effect transmission of the laser pulse from the
laser transmitter, and an active position in which the dispersing lens disperses the
transmitted laser puise throughout an entire scene being observed by the
multifunctional rangefinder.

8. The multifunctional rangefinder according to claim 8, wherein the
dispersing lens, in the active position, disperses the transmitted laser pulse {0 have
a field of view to approximately 4 to 6 degrees so that the entire scene is flluminated
by the transmifted laser pulse for observation by the multifunctional rangefinder.

10.  The multifunctional rangefinder according fo claim 8, when the
multifunctional rangefinder determines that at least one high contrast target is
present within the scene being viewed by the multifunctional rangsfinder, the laser
transmitter then transmits an initial laser pulse followed by an additional 12 laser
pulses.

11. The multifunctional rangefinder according to claim 10, wherein each one
of the initial laser pulse and the additional 12 laser pulses has the substantially a
same magnitude and duration and are substantially equally spaced apart from one
another in time.

12. The multifunctional rangefinder according {o claim 2, wherein the
microprocessor changes the positions of the plurality of micro-mirrors, during
operation of the multifunctional rangefinder, by a sequence of turning on and off

various sections of the plurality of micro-mirrors so as to result in process of
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glimination to determine which micro-mirror, or group of the plurality of micro-mirrors,
is receiving the light from the at least one high contrast target.

13.  The multifunctional rangefinder according to claim 11, wherein
microprocessor changes the positions of the plurality of micro-mirrors, during
operation of the multifunctional rangefinder, employing at least thifleen different on
and off sequences of the plurality of micro-mirrors to determine which micro-mirror,
or group of the plurality of micro-mirrors, is receiving the light from the at least one
high contrast target.

14, The multifunctional rangefinder according to claim 13, wherein the
thirteen different on and off sequences of the plurality of micro-mirrors comprises a
first sequence in which all of the plurality of micro-mirrors are in the on position, a
second seguence in which about a first half of the plurality of micro-mirrors areinthe
on position while about a second half of the plurality of micro-mirrors are in the off
pasition, a third sequence in which about a first half of the plurality of micro-mirrors
are in the on position while about a second half of the plurality of micro-mirrors are
in the off position, a fourth sequence in which about a first half of the plurality of
ricro-mirrors are in the on position while about a second half of the plurality of
micro-mirrors are in the off position, a fifth sequence in which about a first half of the
plurality of micro-mirrors are in the on position while about a second half of the
plurality of micro-mirrors are in the off position, a sixth sequence in which about a
first half of the plurality of micro-mirrors are in the on position while about a second
half of the plurality of micro-mirrors are in the off position, a seventh sequence in
which about a first haif of the plurality of micro-mirrors are in the on position while
about a second half of the plurality of micro-mirrors are in the off position, an eighth
sequence in which about a first half of the plurality of micro-mirrors are in the on
position while about a second half of the plurality of micro-mirrors are in the off
position, a ninth sequence in which about a first half of the plurality of micro-mirrors
are in the on position while about a second half of the plurality of micro-mirrors are
in the off position, a tenth sequence in which about a first half of the plurality of
micro-mirrors are in the on position while about a second half of the plurality of
micro-mirrors are in the off position, an eleventh sequence in which about a first half

of the plurality of micro-mirrors are in the on position while about a second half of the
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plurality of micro-mirrors are in the off position, a twelfth seguence in which about
a first half of the plurality of micro-mirrors are in the on position while about a second
half of the plurality of micro-mirrors are in the off position, and a thirteenth sequence
in which about a first half of the plurality of micro-mirrors are in the on position while
about a second half of the plurality of micro-mirrors are in the off position.

15.  The multifunctional rangefinder according to claim 2, wherein the
multifunctional rangefinder is able to process a plurality of different high contrast
targets at the same time and during the same scan of the scene.

18. The multifuncltional rangefinder according o claim 2, wherein the
multifunctional rangefinder further includes a grating which is designed to separate
and disperse the received light into its various wavslengths, a first collimating lens
is located between the first digital micro-mirror device and the grating for focusing
light,

a second digital micro-mirror device, and a second collimating lens is located
between the grating and the second digital micro-mirror device for focusing refracted
ight, from the grating toward and the second digital micro-mirror device, and the
sacond digital micro-mirror device has a plurality of micro-mirrors, and sach of the
olurality of micro-mirrors has an on position and an off position, and

the second digital micro-mirror device reflacts light toward the single detector
element with the optical condenser arrangement localed between the second digital
micro-mirror device and the single detector element.

17.  The multifunctional rangefinder according to claim 18, wherein a
microprocessor is electrically coupled to the first digital micro-mirror device, the
second digital micro-mirror device, the single detector element and the analog/digital
converter for controliing operation of the multifunctional rangefinder while operating
in at least first and second modes of operation.

18. The multifunctional rangefinder according to claim 17, wherein during the
second mode of operation, the multifunctional rangefinder is passive and the object
lens captures light from a scene and images the captured light on the first digital
micro-mirror device, and a first section of the plurality of micro-mirrors of the first

digital micro-mirror device are in the on position for reflecting the received light
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toward grating for diffraction, while the remaining plurality of micro-mirrors are
arranged in the off position, and

the second digital micro-mirror device is operated to sequentially reflect only
a desired range of the diffracted light toward the single detector element for
detection while prevent aremaining portion of the diffracted light from being reflected
toward the single detector selement.

19. The multifunctional rangefinder according to claim 18, wherein the
microprocessor controls operation of the plurality of micro-mirrors of the second
digital micro-mirror device to sequentially reflact each desired range of the diffracted
light toward the single detector element for detection, and, once this is compilete, the
microprocessor controls ancther section of the plurality of micro-mirrors of the first
digital micro-mirror device to reflact the received light toward grating for diffraction,
while the remaining plurality of micro-mirrors are arranged in the off position, and

the microprocessor controls the second digital micro-mirror device o
saguentially reflect only a desired range of the diffracted light toward the single
detector element for detection while prevent a remaining portion of the diffracted
light from being reflected toward the single detector element.

20. The multifunctional rangefinder according to claim 2, wherein the
microprocessor controls operation of the plurality of micro-mirrors of the first digital
micro-mirror device to form an adjustable limiting aperture for verifying whether on
not an array of at least @ micro-mirrors is coincident with cross-hairs of the
mubtifunctional rangefinder and upon determining which array of at least 9 micro-
mirrors is receiving the reflected laser pulse, the microprocessor adjusts the cross-
hairs of the multifunctional rangefinder to be coincident with the array of at least 9
micro-mirrors receiving the reflected laser pulse

21. The multifunctional rangefinder according to claim 1, wherein once the
mubltifunctional rangefinder 2 determines which micro-mirrors 16 or smali group of
micro-mirrors is receiving the reflective light from each of the plurality of high
cortrast targets, the multifunctional rangefinder can then locates a respective set
of cross-hairs of a reticle at the precise location of each of the plurality of high

contrast targets.
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22, The wmultifunctional rangefinder according to claim 1, wherein
microprocessor changes the positions of the plurality of micro-mirrors, during
operation of the multifunctional rangefinder, and employs at least thirteen different
on and off sequencas of the plurality of micro-mirrors o determing which micro-
mirror, or group of the plurality of micro-mirrors, is receiving the light from the atleast
one high contrast target.

23. The multifunctional rangefinder according to claim 22, wherein for one
sequence, of the at least thirteen different on and off sequences of the plurality of
micro-mirrors, all of the plurality of micro-mirrors are in the on position, and for a
remaining twelve sequences, of the at least thirteen different on and off sequences
of the plurality of micro-mirrors, a first half of the plurality of micro-mirrors are in the
on position while a remaining second half of the plurality of micro-mirrors are in the
off position.

24. The multifunctional rangefinder according to claim 22, wherein for one
sequeance, of the at least thirtean different on and off sequences of the plurality of
micro-mirrors, all of the plurality of micro-mirrors are in the on position;

for another six sequences, of the at least thirteen different on and off
sequences of the plurality of micro-mirrors, different horizontal arrays which
comprise a first half of the plurality of micro-mirrors are in the on position while
different horizontal arrays which comprise a remaining second half of the plurality
of micro-mirrors are in the off position; and

for a final six seguences, of the at least thirteen different on and off
sequences of the plurality of micro-mirrors, different vertical arrays which comprise
a first half of the plurality of micro-mirrors are in the on position while different
vertical arrays which comprise a remaining second half of the plurality of micro-

mirrors are in the off position.
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