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METHOD AND SYSTEM FOR REMOTE SENSING OF OPTICAL

INSTRUMENTS AND ANALYSIS THEREOF

FIELD OF THE INVENTION
'The present invention relates to optics. More specifically, the present

invention relates to optical sensors.

BACKGROUND OF THE INVENTION |

With advancements in the field of optics, use of retro-reflectors has
become more common. A retro-reflector is defined as a reflector wherein
incident rays or radiant energy and reflected rays are parallel for any angle of
incidence within the ﬁeld—qf-view. A characteristic of a retro-reflector is that the
energy impinging thereon is reflected in a very narrow beam, herein referred to
as the retro-reflected beam. This phenomenon was termed retro-reflection.
Rétro-reflectors are discussed, for instance, in United States Patent No.
6,603,134, which issued August 5, 2003. Those inventors made the discovery
that any type of focusing device, in combination with a surface exhibiting any
degree of reflectivity and positioned near the focal plane of the device, acts as
a retro-reflector.

FIG. 1 is a prior art diagram showing a retro-reflection system containing
a lens 20 and a reflective surface 22 positioned in a focal plane 24 of the lens
20. Rays of radiation 26, 28 are directed toward the system, and more
particularly toward the lens 20, from a radiation source (not shown). The
incident rays in the present illustration are parallel to the optical axis 30 of the

lens 20. It should be noted that for the purpose of clarity, the incident rays are
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shown as being confined to the top half of the lens 20. The incident rays 26
and 28 are refracted by the lens 20 and focused at the focal point 32 of the lens
20, which focal point lies on the reflective surface 22. The rays 26, 28 are then
reflected by the reflective surface 22 so that the angle of reflection equals the
angle of incidence, and are returned approximately to the lower half of the lens
20 where they are again refracted and emerge therefrom as retro-reflected rays
26R, 28R. The rays 26R and 28R are returned to the radiation source parallel
to the incident rays 26, 28 thereof. However, as shown in the drawing, the
relative positions of the rays 26, 28 are inverted so that the image returned to
the radiation source is also inverted. It should be noted that the lens 20 and
reflective surface 22 could, for instance, be elements of an optical device, such
as a camera, or an eye of a person or animal.

FIG. 1 shows the basic retro-reflection characteristic of focused lens
systems. Rays 26 and 28 enter the aperture, are focused to a point, and then
re-projected virtually anti-parallel as shown by rays 26R and 28R. The usual
method for calculating the return intensity is to take it as the product of the flux
density of the probe radiation and a quantity called the optical augmentation
cross section. This is proportional to the aperture area multiplied by the two
way transmission and the optical augmentation optical gain. This is defined as
the ratio of the aperture area to the image spot area multiplied by the
backscatter factor and has .dimensions square meters per steradians. Because
the focused spot is much smaller than the aperture, this optical gain factor can
be very large. This results in a much larger return than would come from the

more typical scatterer. The gain in this process is due to the backscatter being
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narrowly directed, i.e. anti-parallel, rather than diffusively scattered over a
hemisphere.

While FIG. 1 depicts the lens 20 positioned at a right angle to the rays
26, 28, United States Patent No. 6,603,134 teaches that retro-reflection does
not require an orthogonal relationship between the lens 20 and the rays 26, 28.

One application for the retro-reflectors is to search for cameras,
otherwise referred to as optical instruments herein, in an area. FIG. 2 depicts a
search system 38 for scanning an area to detect the présence of optical
instruments by using retro-reflective properties. The search system 38 includes
a scanner 40, including an optical searching device 42, such as a sburce of
infrared light, a detector 44, and a laser 46. The scanner 40 is controlled by a
scanning and positioning device 48, which includes a servo motor (not shown).
The scanning and positioning device 48 is powered by a power and control
device 50, which also supplies power to the scanner 40, and a utilization
system 52.

In the operation of the system 38, the scanner 40 is caused to scan a
preselected area by means of the scanning and positioning device 48, the
scanning and positioning device 48 being programmed by the utilization system
52. The optical searching device 42 emits rays 54, 55. When these rays 54,
55 impinge on an optical instrument 56 exhibiting retro-reflective
characteristics, the rays 54, 55 are retro-reflected as retro-reflected rays 54R,
55R and detected by the detector 44. The detector output is then fed to the
utilization system 52. The utilization system 52 may be programmed to merely
track the optical instrument 56, in which case, the detector output would be fed

to the scanning and positioning device 48 and then to the scanner 40, causing
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the scanning and positioning dévice 48 to track the optical instrument 56.
However, if it is desired to neutralize the optical instrument 56, the utilization
system 52 will feed a signal to the laser 46 causing the laser 46 to direct a high
intensity laser beam at the optical instrument 56.

This type of search system 38 can have false alarms due to natural and
artificial retro-reflections. Natural retro-reflections can occur from sand or other
naturally occurring open cube corners. Examples of artificial retro-reflectors
include corner cubes such as those used in surveying, rear reflectors on
automobiles and bicycles, as well as retro-reflective coated items, such as
sportswear and traffic signs.

_Thus, a heretofore unaddressed need exists in the industry to address

the aforementioned deficiencies and inadequacies.

SUMMARY OF THE INVENTION

Embodiments of the present invention provide a system and method for
remote sensing of optical instruments and analysis thereof. Briefly described in
architecture, one embodiment of the system, among others, can be
implemented as follows. A sensor is provided for analyzing an object at a focal
point of a lens. The sensor includes a focused radiant energy source directed
at the lens. The focused radiant energy source emits a first beam, which
vaporizes a portion of the object at the focal point of the lens. A spectrometer
is positioned to receive a second beam of energy emitted from the vaporization
of the portion of the object. A path of the second beam of energy is at least

partially anti-parallel to a path of the first beam.
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In another aspect, the invention features a method for chemical analysis
of a remotely located object at a focal point of a lens. The method includes the
steps of: transmitting a first radiant energy beam at the lens and, therethrough,
the object vaporizing a portion of the object; and receiving a second beam of
energy, emitted from the vaporization of the object, at a spectrometer, wherein
the second beam of energy is at least partially transmitted anti-parallel to the
first radiant energy beam.

Other systems, methods, features, and advantages of the present
invention will be or become apparent to one with skill in the art upon
examination of the following drawings and detailed description. It is intended
that all such additional systems, methods, features, and advantages be
included within this description, be Awithin the scope of the present invention,

and be protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the invention can be better understood with reference
to the following drawings. The components in the drawings are not necessarily
to scale, emphasis instead being placed upon clearly illustrating the principles
of the present invention. Moreover, in the drawings, like reference numerals
designate corresponding parts throughout the several views.

FIG. 1 is a prior art diagram showing a retro-reflection system containing
a lens and a reflective surface positioned in a focal plane of the lens.

FIG. 2 is a prior art diagram depicting a search system for scanning an
area to detect the presence of optical instruments by using retro-reflective

properties.
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FIG. 3 is a block diagram of a sensor, in accordance with a first
exemplary embodiment of the invention.

FIG. 4 is a block diagram of a sensor, in accordance with a second
exemplary embodiment of the invention.

FIG. 5 is a block diagram of a sensor, in accordance with a third
exemplary embodiment of the invention.

FIG. 6 is a flow chart illustrating a method of analyzing a remotely
located object.

#IG. 7 is a flow chart illustrating a method of analyzing a remotely

located object.

DETAILED DESCRIPTION

FIG. 3 is a block diagram of a sensor 100, in accordance with a first
exemplary embodiment of the invention. The sensor 100 provides analysis of
an object 102 at a focal point 104 of a lens 106. The sensor 100 includes a
focused radiant energy source 108 directed at the lens 106. The focused
radiant energy source 108 is capable of transmitting a first radiant energy beam
110 to the lens 106 and, therethrough, to the object 102. The first radiant
energy beam 110 may be of sufficient intensity at the focal point 104 of the lens
106 to vaporize at least a portion of the object 102. Upon vaporization, a
second beam 112 of energy is emitted from the vaporization of object 102 and
through the lens 106. A spectrometer 114 is positioned to receive the second
beam 112 of energy refracted from the lens 106 and the object 102. A path of
the second beam 112 of energy is at least partially anti-parallel to a path of the

first radiant energy beam 110.
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The sensor is capable of providing information helpful in identifying the
object 102. The first radiant energy beam 110 is focused by the lens 106 into a
very narrow beam at the focal point 104. The focused first radiant energy
beam 110 vaporizes a relatively small portion of the object 102. As taught in
the field of atomic emission spectroscopy, when a laser vaporizes atoms, it
raises those atoms to higher energy levels. The atoms decay back to lower
energy levels by emitting energy. Quantitative measurements of these energy
emissions can be used to determine analyte concentration and, ultimately,
retrieve chemical information regarding the vaporized object. This chemical
information can then be used to determine what materiél was vaporized.

While the first radiant energy beam 110 is intended to vaporize the
object 102 at the focal point 104, very little vaporization is required for analysis
of the object 102. In the case of the lens 106 and object 102 being parts of a
camera, the first radiant energy beam 110 can be manipulated to vaporize a
small portion of the camera without doing significant damage to a single pixel.

The first radiant energy beam 110 impacts the object 102 at fhe focal
point 104 and vaporizes a portion of the object 102. The emitted energy from
the decaying vaporized atoms forms the second beam 112, which traverses a
path substantially similar to a path that would be followed if the first radiant
energy beam 110 were simply retro—reﬂectea. The second beam 112 is
transmitted from the object 102 through the lens 106 where the second beam
112 is directed back toward the sensor 100. More precisely, the second beam
112 radiates along a path anti-parallel to a path of the first radiant energy beam
110 and toward the spectrometer 114. The spectrometer 114 is pbsitioned fo

receive the second beam 112 and is capable of analyzing the second beam
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112 to identify the emissions from the decaying vaporized atoms and can be
used to determine an elemental content at the focal point 106, primarily
composition the object 102.

To determine what material has been vaporized, the sensor 100 may
also contain a storage device 150 a memory 160, having software 162 stored
therein, and a processor 170. The storage device 150 has stored therein'
names of different materials and their emission identities. Therefore, in
accordance with the software 162 Iocated within the memory 160, the memory
160 instructs the processor 170 to search for the emission identity derived by
the spectrometer 114, within the storage device 150. The result of this search
is thé material that was vaporized by the first radiant energy beam 110.

In accordance with an alternative embodiment of the invention, cameras
having different material properties are also stored within the storage device
150. Therefore, by determining the material that was vaporized within the
storage device 150, possible associated cameras may be identified so that
other actions may be performed accordingly.

It should be noted that the second and third embodiment sensors, as
described herein may also contain a memory, software, processor, and a
storage device and function similarly to determine the vaporized material.

The first radiant energy beam 110 may be any of a variety of energy
types, although it may be more efficient to use radiation in or near an operating
band of the target sensor, for reasons discussed herein. The first radiant
energy beam 110 may comprise light energy, microwave energy, acoustical

'energy, X-ray energy, heat energy, and/or any other energy types that are part

of the energy spectrum and that are capable of vaporizing a portion of the
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object 102, whilst exhibiting the ability to return the anti-parallel second beam
112. In situations where it is desirable to conceal the sensor 100, an energy
type may be selected that is not visible to the naked eye. One type of energy,
as an example, that may be desirable is infrared light and, more particularly,
infrared light in an eyesafe band. Improperly regulated, the first radiant energy
beam 110 or second beam 112 may be capable of blinding a person or animal,
if an eye is struck by either beam 110, 112. Infrared light in the eyesafé band,
approximated by some as being above 1.54 microns in wavelength, is at least
partially absorbed in the eye, before it can be focused on the retina, eliminating
the lowest energy eye damage modality, retinal burn.

The spectrometer 114 may be implemented with or without a slit.
Classical slitted spectrometers include an entrance slit, a collimating optic,
usually a mirror, a dispersper, such as a diffraction grating or prism, and a
focusing optic, also usually a mirror. Diffraction gratings have the benefits of
providing a linear wavelength dispersion at the focus and are fairly efficient in
the design bands. They have the disadvantage that they have order ambiguity
(i.e., second order short wavelength radiation can be imaged at the same place
as first order at twice the wavelength. Slitted spectrometers are inconvenient
for operation in the thermal infrared region because they almost always have to
be cooled. Thermal imagers have become very efficient at avoiding internally
generated radiation by placement of the entrance or exit pupils. Slitted
spectrometers do not allow this freedom, so the usual approach to suppression
of internal interfering radiation is to cool the interiors.

Slitless spectrometers include a camera with a dispersing element

incorporated into the objective lens. Slitless spectrometers were used
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extensively for astronomical star field mapping where the separated stars in the
sky eliminated the confusion caused by the overlaps that would confuse a
spectrum of an extended or complex object. The dispersing element can be
either a prism or a transmission grating. Since the probe beam will be applied
to a very narrow field of view with a small number of tracking sensors, each
producing a point-like return, the spectrum returned is readily interpreted.

FIG. 4 is a block diagram of a sensor 200 in accordance with a second
exemplary embodiment of the invention. The sensor 200 provides analysis of
an object 202 at a focal point 204 of a lens »206. The sensor 200 includes a
focused radiant energy source 208 directed at the lens 206. The focused
radiant energy source 208 is capable of transmitting a first beam 210 of energy
to the lens 206 and, therethrough, to the object 202. The first radiant energy
beam 210 may be of sufficient intensity at the focal point 204 of the lens 206 to
vaporize at least a portion of the object 202. Upon vaporization, a second
beam 212 of energy is emitted from the object 202 and refracted through the
lens 206. A spectrometer 214 is positioned to receive the second beam 212 of
energy refracted from the lens 206. A path of the second beam 212 of energy
is at least partially anti-parallel to é path of the first beam 210 of energy.

The second exemplary embodiment of the sensor 200 further includes a
radiant energy search beam source 220. The radiant energy search beam
source 220 operates under similar principles as the focused radiant energy
source 208, with the exception that a first search beam 222 emitted from the
radiant energy search beam source 220 is not of sufficient intensity to vaporize
the object 202 even after focused by the lens 206. The first search beam 222,

depending on the characteristics of the object 202, is retro-reflected back

10
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toward the lens 206 as a second search beam 224. The second search beam
224 is transmitted back through the lens 206 after which the second search
beam 224 is directed back toward the sensor 200. More precisely, the second
search beam 224 radiates along a path anti-parallel to a path of the first éearch
beam 222 and toward a detector 226. The defector 226 detects whether the
retro-reflected second search beam 224 is in excess of a preselected radiant
flux density level, which would indicate the presence of an optical device, for
example, but not limited to, a tracking optical device.

In operation, the radiant energy search beam source 220 and detector
226 may be used to scan an area for optical devices, and the focused radiant
energy source 208 and spectrometer 214 may be used to analyze located
optical devices.

As shown in FIG. 4, the radiant energy search beam source 220 and the
focused radiant energy source 208 are separate devices in the second
embodiment. A third exemplary embodiment may be provided in which the
radiant energy search beam source 220 and the focused radiant energy source
208 are the same device.

FIG. 5 is a block diagram of a sensor 300 in accordance with the third
exemplary embodiment of tlje invention. The sensor 300 provides analysis of
an object 302 at a focal point 304 of a lens 306. The sensor 300 includes a
radiant energy source 330 directed at the lens 306. The radiant energy source
330 is capable of transmitting a first beam 310 of energy to the lens 306. The
first beam 310 generated by the radiant energy source 330 is of sufficient
intensity to vaporize a portion of the object 302 at the focal point 304 of the lens

306. A second beam 312 of energy is emitted from the vaporized portion of the

11
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object 302 and refracted through the lens 306 following a retro-reflective path
respective to the first beam 310. A spectrometer 314 is positioned to receive,
by way of a mirror 332, the second beam 312 of energy refracted from the lens
306. A path of the second beam 312 of energy is at least partially anti-parallel
to a path of the first beam 310 of energy.

The radiant energy source 330 in the third exemplary embodiment is
also capable of transmitting a first search beam (not shown, although a path of
the first search beam is similar to a path shown for the first beam 310) prior to
transmission of the first beam 310. The energy transmitted from the radiant
energy source 330 to form the first search beam is not of sufficient intensity to
vaporize an object, even after focusing by the lens 306. The first search beam,
depending on the characteristics of the object 302, is retro-reflected back
toward the lens 306 as a second search beam (not shown, although a path of
the second search beam is similar to a path shown for the second beam 312
from the object 302 to the mirror 332). The second search beam is refracted
back through the lens 306, directing second search beam back toward the
sensor 300. More precisely, the second search beam radiates along a path
anti-parallel to a path of the first search beam and toward the mirror 332. The
mirror 332 (positioned differently than as is shown in FIG. 5) reflects the second

. search beam towards a detector 326, which receives the second search beam.
The detector 326 detects whether the retro-reflected second search beam is in
excess of a preselected radiant flux density level, which would indicate the
presence of an optical device. An alternative to the mirror 332 in this

embodiment would be to provide a single device in the position of the mirror

12
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332 capable of performing the tasks of both the spectrometer 314 and the
detector 326.

The flow chart of FIG. 6 shows the functionality and operation of a
possible implementation of the method of analyzing a remotely located object,
in accordance with the first exemplary embodiment shown in FIG. 3. In this
regard, each block represents a module, segment, or step, which comprises
one or more instructiolns for implementing the specified function. It should also
be noted that in some alternative implementations, the functions noted in the
blocks might occur out of the order noted in FIG. 6. For example, two blocks
shown in succession in FIG. 6 may in fact be executed non-consecutively,
substantially concurrently, or the blocks may sometimes be executed in the

, reverse order, depending upon the functionality involved, as will be further
clarified herein.

Specifically, FIG. 6 is a flow chart 400 illustrating a method for analysis
of a remotely located object 102 at a focal point 104 of a lens 106. The method
400 includes transmitting a first radiant energy beam 110 at the lens 106 (block
402).

The first radiant energy beam 110 is focused by the lens 106 (block
404). The focused first radiant energy beam 110 causes at least a portion of
atoms of the object 102 at the focal point 104 to be vaporized (block 406).
When vaporized, the atoms of the object 102 are raised to a high-energy state,
which the vaporized atoms cannot maintain. Therefore, the vaporized atoms
must decay from the high-energy state. The decay of the vaporized atoms
involves an energy emission. The second beam 112 of energy is emitted from

the decay of the vaporized atoms of the object 106 to a spectrometer 114. The
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second beam 112 of energy is at least partially transmitted anti-parallel to the
first radiant energy beam 110 from the vaporized portion of the object to the
spectrometer 114 (block 408).

The second beam 112 radiates toward the lens 106 and, is refracted
toward the spectrometer 114. The spectrometer 114 is used to analyze the
second beam 112 to obtain chemical information regarding the object 102 at
the focal point 104 (block 410). Chemical analysis using a spectrometer is
known to those having ordinary skill in the art.

Many applications exist for the sensor 100. One application involves
identifying optical devices. If the lens 106 and object 102 are part of an optical
device, the information retrieved through the spectrometer 114 may allow a
user to verify that the object 102 is part of an optical device and even identify
the optic device (as the identified material of the object 102 at the focal point
104 may be indicative of a particular optical device).

Another application may involve the remote identification of objects 102.
If a lens 106 is transported to an object 102 such that the focal point 104 of the
lens 106 coincides with the object 102, a remotely located focused radiant
energy source 108 and spectrometer 114 may be used to identify the chemical
nature of the object 102. The focused radiant energy source 108 and
spectrofneter 114, for this application, may, for instance, be located on an
aerial vehicle or on a satellite with the targeting capability necessary to transmit
the first radiant energy beam 110 through the lens 106. Other applications will
be known to those having ordinary skill in the art. |

FIG. 7 is a flow chart illustrating the functionality and operation of a

possible implementation of a method 500 of analyzing a remotely located
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object, in accordance with the second exemplary embodiment of the invention
as shown in FIG. 4. Using the sensor 200 described in the second exemplary
embodiment, a person may use the radiant energy search beam source 220 to
scan an area for optical devices (block 502). The radiant energy search beam
source 220 emits a first search beam 222 in various directions relative to a
position of the sensor 200. If a second sealrch beam 224 is received at the
detector 226 and the detector 226 shows sufficient optical gain (resulting, in
part, from the focusing of radiation), an optical device 202 has beén located
(block 504). The focused radiant energy source 208 may then be used to emit
a first radiant energy beam 210 to the located optical device 204 (block 506).
The emitted first radiant energy beam 210 vaporizes a portion of the optical
device 202. That vaporization emits a second beam 212, from ‘the optical
device 202 to a spectrometer 214 (block 508). The spectrometer 214 is then
used to analyze the second beam 212 to obtain chemical information regarding
the optical device 204 (block 510).

It should be emphasized that the above-described embodiments of the
present invention are merely possible examples of implementations, simply set
forth for a clear understanding of the principles of the invention. Many
variations and modifications may be made to the above-described
embodiments of the invention without departing substantially from the spirit and
principles of the invention. All such modifications and variations are intended to
be included herein within the scope of this disclosure and the present invention

and protected by the following claims.
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| claim:
1. A sensor for analyzing an object at a focal point of a lens, the sensor
comprising: |

a focused radiant energy source directed at the lens capable of
generating a first beam of energy wherein the first beam is of sufficient
intensity, when focused by the lens, to vaporize at least a portion of the object;
and

a spectrometer positioned to receive a second beam of energy emitted
from the object, wherein the second beam of energy is at least partially
transmitted anti-parallel to the first beam of energy and wherein the second
beam of energy comprises a spectral emission from a vaporized portion of the

object.

2. The sensor of claim 1, further comprising logic configured to determine

whether the spectral emission has a focus optical gain.

3. The sensor of claim 1, further comprising logic configured to compare
the spectral emission of the second beam to spectral emission properties of

different materials, thereby analyzing the object.

4. The sensor of claim 1, further comprising:

a radiant energy search beam source; and

a detector for detecting a retro-reflected search beam which is in excess
of a preselected radiant flux density level thereby indicating the presence of the

object.

16
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5. The sensor of claim 4 further comprising a mirror positionable to direct
the retro-reflected search beam to the detector and to direct the second beam

to the spectrometer.

6. The sensor of claim 4 wherein the radiant energy search beam source
and the focused radiant energy source are one combined radiant energy

source.

7. The sensor of claim 6 wherein the combined radiant energy source is a

laser.

8. The sensor of claim 1 wherein the spectrometer is a slitiess

spectrometer.

9. The sensor of claim 1 further comprising a memory device on which is

stored spectral emission propertiés of different materials.

10.  The sensor of claim 1 wherein the object is a tracking optical device.

11. A method of analyzing an object at a focal point of a lens, the method
comprising the steps of:

transmitting a first radiant energy beam at the lens;

focusing the first radiant energy beam with the lens;

vaporizing a portion of the object at the focal point of the lens; and

17
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receiving a second beam of energy, emitted from the vaporized portion
of the object, at a spectrometer, wherein the second beam of energy is at least

partially transmitted anti-parallel to the first beam of energy.

12.  The method of claim 11, further comprising the step of comparing a
spectral emission of the second beam to spectral emission properties of

different materials, thereby analyzing the object.

13.  The method of claim 11 further comprising the steps of:

radiating an energy search beam at the lens; and

detecting a retro-reflected search beam which is in excess of a
preselected radiant flux density level thereby indicating the presence of the

object.

14.  The method of claim 13 further comprising the step of directing the first
radiant energy beam at a location from which a retro-reflected search beam

was detected thereby analyzing the detected object.

15.  The method of claim 13 further comprising the step of scanning the

energy search beam over a region to locate the lens.
16.  The method of claim 11 wherein the step of vaporizing vaporizes a

relatively small portion of the object whereby operability of the object is

unaffected.

18
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17.  The method of claim 11 further comprising the step of identifying a

tracking optical device.

18. A system for analyzing an object at a focal point of a lens, the system
comprising:

means for radiating a first beam of energy;

means for directing the beam of energy to the lens;

means for producing a second beam of energy through vaporization
caused by the first beam of energy;

means for receiving the second beam of energy; and

means for interpreting a spectrum of the second beam of energy.

19.  The system of claim 18, further comprising:
means for radiating a first search beam of energy;
means for directing the first search beam of energy to the lens;
means for receiving thé first search beam reflected from the object; and

means for detecting optical gain of the received first search beam.

20. The system of claim 18 further comprising means for identifying a

tracking optical device.

19
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TRANSMITTING A
FIRST RADIANT
ENERGY BEAM AT THE
LENS.

402

FOCUSING THE FIRST
RADIANT ENERGY
BEAM WITH THE LENS

404 -

VAPORIZING A
PORTION OF THE
OBJECT AT THE
FOCAL POINT OF THE
LENS
406

RECEIVING A SECOND BEAM OF
ENERGY, EMITTED FROM THE
VAPORIZED PORTION OF THE

OBJECT, AT A SPECTROMETER,

WHEREIN THE SECOND BEAM OF
ENERGY IS AT LEAST PARTIALLY
TRANSMITTED ANTI-PARALLEL TO
THE FIRST BEAM OF ENERGY
408

ANALYZING THE SECOND BEAM TO
OBTAIN CHEMICAL INFORMATION
REGARDING THE OBJECT
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FIG. 6
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USING THE RADIANT ENERGY
SEARCH BEAM SOURCE TO SCAN
AN AREA FOR OPTICAL DEVICES

502

RECEIVING A SECOND SEARCH
BEAM AT THE DETECTOR, WHICH
SHOWS OPTICAL GAIN
504

USING THE FOCUSED RADIANT

ENERGY SOURCE TO EMIT A FIRST |

RADIANT ENERGY BEAM TO THE
LOCATED OPTICAL DEVICE
506

VAPORIZING A PORTION OF THE
OPTICAL DEVICE TO FORM A
SECOND BEAM, WHICH IS EMITTED
FROM THE OPTICAL DEVICE TO A
SPECTROMETER
508

ANALYZING THE SECOND BEAM TO
OBTAIN CHEMICAL INFORMATION
REGARDING THE OPTICAL DEVICE
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