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Systems and methods for fast and sensitive standoff surface-hazard detection with high data throughput, high spatial resolution

and high degree of pointing flexibility. The system comprises a first hand-held unit that directs an excitation beam onto a surface
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(57) Abrege(suite)/Abstract(continued):
that Is located a distance away from the first unit and an optical subsystem that captures scattered radiation from the surface as a

result of the beam of light. The first unit Is connected via a link that includes a bundle of optical fibers, to a second unit, called the
processing unit. The processing unit comprises a fiber-coupled spectrograph to convert scattered radiation to spectral data, and a
processor that analyzes the collected spectral data to detect and/or identify a hazardous substance. The second unit may be
contained within a body-wearable housing or apparatus so that the first unit and second unit together form a man-portable
detection assembly. In one embodiment, the system can continuously and without interruptions scan a surface from a 1-meter
standoff while generating Raman spectral-frames at rates of 25 Hz.
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ABSTRACT

Systems and methods for fast and sensitive standoff surface-hazard detection with
high data throughput, high spatial resolution and high degree of pointing flexibility. The
system comprises a first hand-held unit that directs an excitation beam onto a surface that
1s- located a distance away from the first unit and an optical subsystem that captures
scattered radiation from the surface as a result of the beam of light. The first unit is
connected via a link that includes a bundle of optical fibers, to a second unit, called the
processing unit. The processing unit comprises a fiber-coupled spectrograph to convert
scattered radiation to spectral data, and a processor that analyzes the collected spectral
data to detect and/or identify a hazardous substance. The second unit may be contained
within a body-wearable housing or apparatus so that the first unit and second unit together
form a man-portable detection assembly. In one embodiment, the system can
continuously and without interruptions scan a surface from a 1-meter standoff while

generating Raman spectral-frames at rates of 25 Hz.
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METHOD, APPARATUS AND SYSTEM FOR RAPID AND
SENSITIVE STANDOFF DETECTION OF SURFACE CONTAMINANTS

GOVERNMENT RIGHTS

This invention was made under U.S. Government Contract No. No. DAAD13-03-

D-0018. The U.S. Government may have certain rights in the invention.

BACKGROUND OF THE INVENTION

The present invention relates to applied ultraviolet (UV) Raman spectroscopy and
chemical detection and identification. More specifically, the present invention relates to
devices, systems and methods for remotely detecting hazardous substances that may be
on a surface.

In the field of chemical sensing or de'tecting, it is desirable to quickly detect
substances at a contaminated scene and report information about the substances types and
locations in order to prevent others from coming into contact or influence with the
detected substance. It is also a key factor in improving consequence management by

providing the decision makers with the information needed to scale and direct the

response effort.

Spectroscopy techniques are used to analyze substances and techniques have been
developed for the non-destructive testing of surface-deposited substances in solid and
liquid phases. Such techniques include Fourier Transform Infrared Spectroscopy (FTIR),
X-ray fluorescence, gas chromatography and mass spectrometry (GC-MS), and Infrared
Raman spectroscopy (IR Raman). Currently available surface-hazard detectors are “point-
and-shoot” devices, in which the device operator holds a sensing probe on a specific
location at very close range and dwells on that specific location for an amount of time to
provide sufficient integration time in the detector or, in the case of GC-MS, to intake

enough surface compounds in vapor phase to carry out the analysis. Thus, these devices
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require the operator to approach very close to a potentially harmful substance and
maintain proximity to that substance long enough to obtain a single measurement. The
task of surveying a large area or region for potentially harmful substances 1s therefore
daunting and requires judicious sampling strategies to maximize the efficiency of the
process. The most challenging aspect associated with searching contaminants dispersed

on a surface resides in the variety of chemical species a sensor is exposed to during a

search.

Surface contamination can be the result of an accident or intentional dispersion of
the contaminant, and therefore the surface contamination can consist of a single chemical
or multiple chemicals in bulk form or dispersed over a wide area. In the case of persistent
patches of contamination composed of thin layers, small droplets or small particles, none
of the above mentioned methods provide adequate detection capabilities.

For example, a commercially available FTIR system for emergency response
requires 20 seconds to carry out a single sample-identification analysis, while the sample
needs to be physically removed from the surface and presented to the sensor. Another
example is a commercially available IR-Raman system for emergency response that
requires a maximum distance of 15 mm and measurement times typically between 1 and 5
seconds with up to 20 seconds for some samples.

UV Raman spectroscopy has many unique properties that can be advantageously
employed in the rapid standoff detection and identification of surface-deposited hazards.
The high degree of information content inherent in Raman spectroscopy provides the
ability to differentiate structurally similar chemicals with low false alarm rates. The

information content is associated with the vibrational degrees of freedom associated with

any molecule. This wealth of vibrational modes manifests itself in rich, narrow Raman
peaks that provide a spectral fingerprint for a given Raman active material. Spontaneous
Raman scattering, however, has an intrinsically weak cross-section. The intensity and
quality of the Raman spectrum depends on (1) the wavelength, linewidth and spectral
purity of the excitation light, (2) the extent to which the excitation or scattered light is
absorbed, the amount of interfering fluorescence that is emitted, and the potential
existence of interfering laser-induced breakdown emission of surface materials, (3) the
thermal and photochemical stability of the sample under excitation, and (4) the number or

chemicals simultaneously interrogated (spectral congestion). Therefore to maximize
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usability in practical applications, UV Raman sensors capitalize on a short wavelength
resulting in larger scattering cross-sections, a reduced natural fluorescence background
(no photo-bleaching required), a solar-blind spectral region below 300 nm (important for
a standoft sensor) and resonance enhancement of the Raman scattering cross-section for

some vibrational transitions. In addition, UV light sources below 300-nm present virtually

no eye hazard to personnel wearing standard plastic or non-crystalline glass eye-

protection.

A surface-hazard detection system is needed that can safely interrogate surfaces
from greater distances and that can do it with a high degree of flexibility in the adjustment
of the sensor field of interest. This standoff surface-hazard detection system needs also to
rapidly analyze returned optical radiation from the substance in order to provide the high

data throughput that enables large perimeter searches. UV Raman spectroscopy provides

- the foundation for this high performance sensor.

SUMMARY OF THE INVENTION

The present invention is directed to systems and methods for fast and sensitive
standoff surface-hazard detection with high data throughput, high spatial resolution and
high degree of pointing flexibility.

According to one embodiment of the invention, the system comprises a first hand-
held unit that directs an excitation beam onto a surface that is located a distance away
from the first unit and an optical subsystem that captures scattered radiation from the
surface as a result of the beam of light. The first unit is connected via a link that includes
a bundle of optical fibers, to a second unit, called the processing unit. The processing unit
comprises a fiber-coupled spectrograph to convert scattered radiation to spectral data, and
a processor that analyzes the collected signal and detect the hazardous substance. The
second unit may be contained within a body-wearable housing or apparatus so that the
first unit and second unit together form a man-portable detection assembly. Adjustable
focus collection optics collect the Raman scattered radiation from safer distances, such as
more than 0.25 m. To assist in achieving the desired focal distance from the surface to be
Iinterrogated, a visible light spot may be projected onto the surface to indicate the

optimum standoff range and to indicate the location of the collection field of view.
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The system of the present invention uses a UV-transmitting fiber bundle to

efficiently couple the collected scattered radiation image to the spectrograph. A round
- multi-fiber bundle is positioned at the focal plane of telescope and fibers of the bundle are

rearranged to form a single row that is used as the entrance slit of the spectrograph. The

spectrograph images the entrance slit onto a pixelated light detector after the light 1s
spatially dispersed by a grating.

The system and method of the present invention uses the pixelated light detector
located at the output of the spectrograph to detect the Raman return. Several Raman
returns can be accumulated in order to improve the signal to noise ratio (SNR) of a given
measurement frame. A configurable number of returns are accumulated onto the detector
to provide a single measurement frame, and each vertical column of pixels of the detector
is binned to further improve the SNR. The resulting array of digital values extracted from
the detector contains the Raman signature used by the processing unit to make a
substance detection and identification. To accommodate various modes of operation of
the sensor, the number of Raman returns accumulated in each measurement frame is
variable. For example, during rapid search, a surface is quickly scanned and fast frame
rafes (i.e. less Raman-returns accumulations per frame) are important to maintain high
probability of detection. Despite the associated reduction in SNR for each frame, the
probability of detection is improved since each frame is composed of short total
exposures ensuring a higher probability of grabbing a high-purity Raman signature (low
spectral congestion) from a target compound that 1s being encountered during scan. The
short-exposure frames allow the sensor to cope with the quick sequence made of a large
variety of surface substances presented to the sensor resulting from the rapid surface-
scan. In contrast, during a confirmation or identification mode, the sensor stares at the
interrogated surface so that Raman signature have higher purity since less variety 1s
presented to the sensor) and slower frame rates (more Raman-returns accumulations per
frame) are important to provide high identification specificity by improving the Raman
signature SNR.

The system and method of the present invention may use a continuous scan of the
surface to detect contamination patches. In contrast to the point-and-shoot sensor, this
sensor system of the present invention allows for rapid surface scans that range from

static to up to tens of centimeters per second depending on the scenario. This is possible
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since the sensor can output good quality Raman measurement frames at a 10 to 25 Hz rate
while maintaining a practical standoff range (i.e., 1 m). The capability to generate these
high frame rates allows for capturing of Raman data in the form of “Raman-video” signal.
As discussed previously, several modes of operation are possible. A search mode is used
to provide maximum scan speed while screening a large perimeter. The high data
throughput associated with the search mode is compatible with adaptive sampling

techniques that use the real-time results to direct and optimize a search and scanning

- strategy.

The detection and identification system of the present invention employ a
distributed architecture to maximize system-level performance. For man-portable
applications it can be advantageous to separate the system into various units. One unit
may be a battery-operated backpack or suitcase unit housing a scaled down version of
beam directing, scattering collection and spectrum analysis into an agile configuration. . A
second unit, called a base station, contains processing capability for more intensive
analysis of the collected spectra. Consequently, the battery-operated unit can be made
lighter by carrying a small processing device that can execute a less computationally-
intensive spectrum analysis algorithm.

In still another embodiment, a plurality of surface scanning sensors may be
deployed to scale a search effort in large areas or regions, or buildings. All of the sensors
report detection events to a centralized scene-control unit that can coordinate the search
etfort.

In accordance with one aspect of the present invention, there is provided a

standoff hazard detection and identification system capable of detecting and identitying

contaminants on a surface, comprising a first unit that emits a beam of light onto a surface
that is located a distance away from the first unit and captures scattered radiation from the
surface as a result of the beam of light, a second unit comprising a spectrograph that
converts the scattered radiation to spectral data, wherein the spectrograph comprises a
pixilated detector that generates measurement data for a measurement frame comprising
one or an accumulation of a plurality of returns of scattered radiation from the surtface,
and a processor that analyzes the spectral data in order detect a contaminant on the

surface, wherein the processor is configured to control the second unit to operate in one of

first and second modes of operation, where in the first mode, the pixelated detector
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accumulates a relatively small number of returns of scattered radiation for a measurement
frame to provide a relatively higher rate for faster scanning on the surface and relatively
lower fidelity analysis, and in the second mode, the pixelated detector accumulates a
relatively high number of returns of scattered radiation for a measurement frame to
provide a relatively slower rate for slower scanning on the surface and a relatively higher
fidelity analysis, and a link between the first unit and the second unit to couple the
scattered radiation from the first unit to the second unit.

In accordance with another aspect of the present invention, there is provided a
standoff hazard detection and identification system capable of detecting and identifying
contaminants on a surface from a distance, comprising a first unit comprising a light
source that emits a beam of light onto a surface that is located a distance away from the
first unit and an optical subsystem that captures scattered radiation from the surface as a
result of the beam of light, a second unit coupled to the first unit comprising a
spectrograph that converts the scattered radiation to spectral data and a processor that
analyzes the spectral data in order to detect a contaminant on the surface, the second unit
comprising a wireless transceiver configured to wirelessly transmit over the air the
spectral data to another device for processing, wherein the processor is configured to
control the second unit to operate in one of first and second modes of operation, where in
the first mode, the pixelated detector accumulates a relatively small number of returns of
scattered radiation for a measurement frame to provide a relatively higher rate for faster
scanning on the surface and relatively lower fidelity analysis, and in the second mode, the
pixelated detector accumulates a relatively high number of returns of scattered radiation
for a measurement frame to provide a relatively slower rate for slower scanning on the
surface and a relatively higher fidelity analysis, and a third unit physically separate from
the first unit and second unit and comprising a wireless transceiver that is contigured to
receive the spectral data from the second unit and a processor that is configured to
analyze the spectral data with one or more algorithms that are more computationally
intensive than algorithms used by the processor in the second unit.

In accordance with a further aspect of the present invention, there is provided a
standoff hazard detection system, comprising a light source that emits a beam of light
onto a surface to excite Raman scattered radiation from the surface, an optical subsystem

that collects the Raman scattered radiation, a spectrograph that receives the Raman

Sa
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scattered radiation collected by the optical subsystem and generates a measurement frame
of Raman spectral data based on an accumulation of a plurality of returns of Raman
scattered radiation from the surface, and a processor that analyzes the Raman spectral
data using Raman spectroscopy techniques to discriminate substances on the surface,
wherein the processor is configured to control the spectrograph in one of first and second
modes, wherein In the first mode, the processor controls the spectrograph to accumulate a
relatively small number of returns of scattered radiation for a measurement frame to
provide a relatively higher rate for faster scanning on the surface and relatively lower
tidelity analysis, and in the second mode, the processor controls the spectrograph to
accumulate a relatively high number of returns of scattered radiation for a measurement
frame to provide a relatively slower rate for slower scanning of the surface and relatively
higher fidelity analysis.

In accordance with yet a further aspect of the present invention, there is provided
a method for standoff detection of a hazardous substance, comprising in a first hand-held
unit, directing a light beam to a surface located a distance away from the first unit, in the
first unit, capturing returned scattered radiation from the surface as a result of interaction
of the light beam with a substance on the surface, coupling the returned scattered
radiation to a second unit separate from the first unit, generating spectral data from the
returned scattered radiation in the second unit, wherein generating comprises, in a first
mode, generating the spectral data from accumulation of a relatively small number of
returns of scattered radiation for a measurement frame for a faster scanning across the

surface and a relatively lower fidelity analysis, and in a second mode, generating

comprises generating the spectral data from accumulation of a relatively high number of
returns of scattered radiation for a measurement frame for relatively slower scanning
across the surface and a relatively higher fidelity analysis, and analyzing the spectral data

to detect a contaminant on the surface.

[n accordance with a still further aspect of the present invention, there is provided
a man-portable standoff hazard detection apparatus, comprising a hand-held unit that
directs a light beam onto a surface located a distance away from the hand-held unit and an
optical subsystem that captures returned scattered radiation from the surface as a result of

the light beam, a body wearable unit comprising a spectrograph that generates spectral

data from the returned scattered radiation, and a processor configured to control the
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spectrograph in one of first and second modes, wherein in the first mode, the processor
controls the spectrograph to accumulate a relatively small number of returns of scattered
radiation for a measurement frame to provide a relatively higher rate for faster scanning
on the surface and relatively lower fidelity analysis, and in the second mode, the
processor controls the spectrograph to accumulate a relatively high number of returns of
scattered radiation for a measurement frame to provide a relatively slower rate for slower
scanning of the surface and relatively higher fidelity analysis, and a cable that connects
the hand-held unit to the wearable unit, wherein the cable comprises one or more optical
fibers that transports the returned scattered radiation collected by the optical subsystem in

the hand-held unit to the spectrograph in the wearable unit.

BRIEF DESCRIPTION OF THE DRAWINGS

- FIG. 1 1s a graphical diagram of a standoff surface-hazard detection system

according to one embodiment of the present invention.

FIG. 2 is a block diagram of a standoff surface-hazard detection system according

to one embodiment of the invention.

FIG. 3 is a block diagram of a standoff surface-hazard detection system according

to an embodiment of the invention.

FIG. 4A, 4B, 4C and 4D illustrate several configurations of a hand-held device

forming a part of the standoff surface-hazard detection system according to embodiments

of the invention.

5¢
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FIG. 5 illustrates plots for a single measurement frame of data derived from
scanning a surface according to the embodiments of the present invention.

FIG. 6 1s a perspective view of a standoff surface-hazard detection system
according to an embodiment of the invention.

FIG. 7 is a diagram showing operation of the standoff hazard detection system
according to the embodiment of the invention shown in FIG. 3.

FIG. 8 1s a diagram illustrating a use-scenario of the standoff hazard detection

system for scanning various surfaces and searching contamination patches according to

an embodiment of the invention.

DETAILED DESCRIPTION

Referring first to FIGs. 1 and 2, a standoff hazard detection system 10 according
to an embodiment of the invention is described. The detection system 10 comprises a
hand-held unit 100 and a processing unit 200. The hand-held unit 100 is also referred to
herein as a first unit or a “wand” unit or device and the processing unit 200 is also
referred to herein as a second unit or a data acquisttion/processing unit. The hand-held
unit 100 1s connected by an umbilical cable 300 to the processing unit 200. As used
berein, the term “standoff” in connection with a standoff hazard detection and
1dentification system means a distance or range of more than 0.25 meters between the
detecting apparatus and the surface that is being interrogated and on which a hazardous
substance or contaminant may reside.

The system 10 achieves fast and sensitive standoff surface-hazard detection with
high data throughput, high spatial resolution and high degree of pointing flexibility. This
distinctive mode of operation enables new, efficient, surface-contamination search
strategies. In contrast to the existing “point-and-shoot” techniques, the system 10 enables
acquiring single-pixel “Raman-video” footages of a contaminated scene as depicted in
FIG. 1.

The hand-held unit 100 is held in the hand of a user and is used to direct a light
beam onto a surface to analyze with spectroscopy techniques a substance in solid or liquid
phase on the surface in order to determine a composition of the substance. The substance
may be a hazardous substance or contaminant, such as a chemical, biological or explosive

substance on the ground, floor, wall or other objects, and the substance may be present in
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bulk or sparsely dispersed over a surface. Thus, as described in further detail hereinafter,
the system 10 may be designed for use by one person or by a two-person team. The
operators may be wearing hazard-protective gear. Generally, the hand-held unit 100 1s
used to interrogate a suspected surface at a stand-off distance of approximately 0.5 to 3
meters, and to return spectrum related data about the threat to the processing unit 200 that
analyzes the spectrum related data in direct line of sight, determines whether there 1s a
presence of a harmful threat, and rapidly issues a notification of the type of threat, e.g., in
less than or equal to 100 ms. The processing unit 200 may further comprise a display
device, such as a touch screen display or a wearable heads-up display, as one type of a
user interface with the system 10. The display device may provide a visual (and
optionally an audio) notification with textual explanation of the details associated with the
detected hazardous substance. The display screen may be a type that is suitably
compatible for use by a person wearing an environmental suit.

Elements of the system 10 are described in more detail in connection with the
block diagram of FIG. 2. The hand-held unit 100 comprises a laser light source 110,
variable-focus collection optics 120, a focal point indicator 130, an alarm 150 and a
controller 140. The laser light source 110 emits an interrogating light beam and the
collection optics 120 capture the returned optical energy and directs that energy over the
umbtlical 300 to a spectrograph 210 in the processing unit 200. The focal point indicator
130 is described hereinafter. |

The laser source 110 in the hand-held unit generates an interrogating light beam
directed at a surface of interest. The collection optics 120 capture returned optical energy
from the surface of interest. The light beam may any suitable type of light that is useful
for analyzing characteristics of a liquid and/or solid substance on a surface. For example,
the laser source 110 may produce a beam of light in the ultraviolet (UV) spectrum, such
as an Nd:YAG or Nd:YLF laser. Further, the laser source 110 may produce UV light that
1S substantially monochromatic (a single wavelength or is limited to a narrow range of
wavelengths). Moreover, the laser source 110 may produce Raman light such that the
returned optical energy consists of Raman scattered optical energy that is analyzed using
spectroscopy techniques.

The cable 300 comprises a fiber optic bundle 310 to couple the optical energy
captured by the hand-held device 100 to the processing unit 100. The cable 300 also
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comprises at least one electrical conductor 320 (and more likely a plurality of electrical
conductors) used to communicate commands from the processing unit 200 to the hand-
held unit 100 and other data from the hand-held unit 100 to the processing unit 200.

The processing unit 200 may take on a variety of forms. FIG. 2 shows that the
processing unit 200.comprises a spectrograph 210, an intensified charge-coupled device
camera (ICCD) 220 that serves as a pixilated detector, a controller 230 for the laser and
assoclated electronics, an algorithm processor 240, a data acquisition and control
processor 250, a user interface 260 (comprising a display screen), and a power supply
270. Asis known in the art, the spectrograph comprises a diffraction grating to disperse
the scattered radiation onto the ICCD 220. The ICCD 220 may be integrated into the
spectrograph 210. The power supply 270 may be a rechargeable battery capable of
storing a sufficient amount of charge to enable relatively long usage intervals in the field
before requiring a recharge. Alternatively, or in addition, the power supply 270 may be
capable of receiving power from a standard power outlet. The algorithm processor 240
may be a computer containing memory in which one or more programs are stored that
cause the computer to perform various spectroscopy analysis algorithms and control
procedures. The processor 240 may compare the spectral data with spectral data for a
plurality of known substances in order to determine whether the spectral data is that of a
known or foreign substance. There is also an alarm device 280 that, when activated by an
alarm trnigger signal, produces an audible and/or visual alert notification. The alarm
device 280 may be integrated into the user interface 260.

The data acquisition and control processor 250 located in the processing unit 200
provides overall system control, including management of inputs and outputs via the user
interface 260 as well as control signals to and from the hand-held unit 100. The
algorithm processor 240 executes the algorithms that analyze the output of the
spectrograph 210 to determine whether the returned optical energy (e.g., Raman
spectrum) resulted from interaction of the UV laser light with a hazardous substance. The
algorithm processor 240 comprises a memory that stores a database or library of
signatures that are used in the spectroscopy analysis it performs on the Raman spectral
data.

The light beam directed at the surface to be scanned may comprise discrete pulses

of UV light to create the Raman signal from the surface sample. In another embodiment,
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the laser source 110 may be a continuous wave (CW) UV light source. Raman signal
strength can be maximized by conditioning the excitation beam characteristics. Locating
the light generator portion of the light source 110 in the hand-held unit 100 allows for
properly shaping the transmitted excitation beam and to maximize the amount of
delivered energy. However, the light source 110 in the hand-held unit 100 may be the
final UV-conversion stage that is pumped by a laser that actually resides in the processing
unit 200 and coupled to the UV-conversion stage through an optical fiber in the umbilical
cable 300.

A high quality UV excitation beam is important because it allows for tightly
focusing the excitation beam onto the interrogated surface. A tight laser focus (e.g. less
than one millimeter in diameter) over the entire standoff range of the system is useful for
several reasons. First, the excitation spot diameter constitutes the imaging object of the -
collection optics. Since the collection optics 120 in the hand-heid unit 100 uses a high
numerical aperture to collect as much radiation as possible, the small size of the
excitation spot makes 1t possible to efficiently couple that image into the rest of the
optical receiver chain. A second reason to constrain the excitation spot to a small
diameter is the desire to limit the total number of chemical species being interrogated
simultaneously. The collected total Raman signature results from the superposition of the
individual Raman signatures associated with each chemical being excited. A large
excitation spot may provide a larger number of Raman signatures since there is a higher
probability to encounter more chemical species, resulting in a less distinct — more
spectrally congested — total Raman signature. By interrogating a single chemical specie at
a time using a tightly focused beam, high-purity Raman signatures can be generated. A

third reason to constrain the excitation spot to a small diameter resides in the quantity of
signal associated with each Raman signature that is generated. A small excitation spot
provides efficient delivery of most of the available excitation photons to the target of
interest, in the case when the target is a small droplet or particle. This allows the Raman
signature of the target chemical to dominate the total Raman signature and to scale that
signature above the sensor noise floor, hence improving the limit of detection of the
sensor. Finally, another reason to constrain the excitation spot to a small diameter is to
provide an accurate geo-location of the contaminant since direct correlation between

detection event and location of interrogating beam can be made. In summary, this small
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Interrogation spot constitutes the notion of “single-pixel” Raman signature that is

fundamental to the “Raman-video™ sensor concept described hereinafter.

The vanable-focus collection optics 120 allow for the collection of the Raman
scattered radiation from safer distances. i.e., “standoff” distances. While the adjustment of
the standoff distance is not required, the measurement process is enhanced by providing
this adjustability since the sensor has a limited depth of field for a given standoff range.
One way to adjust the focus distance is to adjust the separation distance between optical
elements that form the variable-focus collection optics 120. Another way to adjust the
focus distance is to adjust the separation between a most distal telescope optical element
and the 1nput of the fiber bundle 310 coupling the optics to the spectrograph 210. In all
cases only a single component needs to be translated to adjust the sensor standoff range.
The optical element can be translated by the operator on demand using a manually
actuated mechanism, using a motorized mechanism or a hybrid mechanism. In one
embodiment, focus adjustability from 0.5 to 3 m is provided by translating the primary
mirror. In another embodiment, the collection optics have a fixed focus at 1 m to simplify
the mechanical design. Examples of the variable-focus collection optics 120 are
described in more detail hereinafter in connection with FIGs. 4A-4D. In addition, an
auto-focus system may be employed to automatically move one of the optical elements in
the collection optics 120 based on knowledge gained from the focal point indicator 130,
described 1n more detail hereinafter.

The focal point indicator 130 generates a visible light spot projected onto the
interrogated surface to indicate the optimum standoff range and to indicate the location of
the collection field of view. Once the collection optics 120 is adjusted to the desired focus
distance, this visible spot acts as the target designator as well as the indicator to maintain
correct standoff distance. This feature adds to the pointing flexibility associated with the
hand-held unit 100 and enables efficient surface scans. One way to accomplish this is by
intersecting two laser diode pointers at the optimum standoff distance. Maintaining
minimum separation between the two or more projected spots ensures proper focusing of
the collection optics. Pointing the diode lasers through the telescope optics allows
accurate Indication of the standoff range for all adjustments of the telescope focus
distance. Alternatively, a fiber coupled visible light can be used. The fiber output can be

projected through the telescope to image the collection field of view onto the
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interrogation surface. In this case, a dichroic mirror is used to separate the UV Raman
recelve channel from the visible designator channel. Examples of the focal point
indicator 130 are described hereinafter in connection with FIGs. 4A-4D. Again, as
mentioned above, an auto-focus system may be employed to interpret the distance to the
surface based on the light spot projected by the focal point indicator 130 to automatically
adjust the variable collections-optics 120.

In accordance with another embodiment of the present invention that is described
herematfter in conjunction with FIG. 3, a distributed architecture is employed to maximize
system-level performance. While the embodiment shown in FIG. 2 locates in the
processing unit 200 several of the major functions (i.e., search and identification modes)
in a single package, for man-portable applications it can be advantageous to further
separate the processing functions across multiple units. For example, a battery-operated
backpack or suitcase unit may be provided to house a scaled down version of the sensor
component (hand-held unit 100 and processing unit 200) to enable the collection of the
scattered signatures in an agile configuration., A base station or stationary unit is also
provided that provides docking functions, enabling the battery-operated unit to be
charged, turned on and brought to a steady state while being powered by the base station.
The base station can also house the calibration equipment as well as an additional
processing unit that is more powerful than that in the first unit. In this case, the battery-
operated unit can be made lighter by carrying a smaller processor that provides a lower
fidelity search-mode function using a less computationally-intensive spectroscopy
analysis algorithm. This on-board capability, while providing higher false alarms, enables
the search mode and gives the user an always-present capability while in a hostile
environment. The battery operated unit can in parallel transmit the Raman frames to the
base station that runs a more computationally-intensive (higher fidelity) algorithm
associated with the identification mode to more precisely identify a hazard.

According to this embodiment of the invention, the equipment for standoff
interrogation of a suspected hazardous substance may be configured in a man-portable or
wearable assembly 600 comprising a hand-held unit 700 and a body-wearable unit 800.
This configuration is described with reference to the block diagram of FIG. 3. The hand-
held umit 700 comprises a laser 710, collection (telescope) optics 720, a controller 730

and an alarm device 740, similar to those components shown in FIG. 2 and described
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above. The umbilical cable comprises a fiber optic bundie 910 and an electrical conductor
bundle 920 similar to the cable 300 shown in FIG. 2. The wearable unit 800 is connected
to the hand-held unit 700 via the umbilical cable 900 and comprises the spectrograph 810,
an JCCD 815, a control and data acquisition processor 820, a display 830, a power supply
840 (e.g., battery pack), a radio frequency (RF) wireless transceiver/modem 850 for
supporting wireless communication with a base station 1000(i) via an antenna 805 and an
alarm device 860. The power supply 840 supplies power for the components in the
wearable unit 800 as well as for components in the hand-held unit 700. The display 830
may be a snap-on or flip-down display mechanism viewable by the operator, or a display
visible on a visor, such as a heads-up display. The display 830 can be used to display
information to the user concerning the detection of hazardous substances. In many
respects, the wearable unit 800 1s similar to the processing unit 100 in the first
embodiment and the hand-held unit 700 is similar to the hand-held unit 200 in the first
embodiment.

The man-portable assembly 600 may communicate with one or more base stations
1000(1) to 1000(N). A base station comprises an antenna 1005, an RF wireless
transceiver/modem 1010, an analysis processor 1020, a display 1030 for the base station
operator, and a facility power supply 1040. The base station 1000(i) may be mounted or
used in a vehicle and driven by a power system of the vehicle, as an example.
Alternatively, the base station may be at a fixed position. Furthermore, the base station
1000(1) may be man-portable in the sense that it can be contained in a wearable apparatus
or may be embodied as a laptop computer equipped with suitable wireless communication
capabilities. The base station 1000(1) may further comprise or have integrated therein an
alarm device similar to those included in the man-portable assembly 600. The base
station 1000(1) may have a docking port or unit 1050 that is capable of connecting to the
manportable assembly 600 by way of a suitable connection cable to charge the power
supply 840, activate the assembly 600 and bring it to a steady state through the facility
power 1040 of the base station. As mentioned above, the processor 1020 may also
Interact with the relevant components in the manportable assembly 600 in order to
calibrate the spectrograph 810 in the wearable unit 800. The docking unit 1050 may
include a battery charger that, when the wearable unit 800 is docked, charges the power

supply 840.
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There are several possible operational scenarios between a base station 1000(1)
and the man-portable assembly 600. In one scenario, the processor 820 in the wearable
unit 800 converts the output of the spectrograph 810 into digital spectrum data signals,

optionally compresses the spectrum data and transmits this spectrum data via the RF

- transceiver 850 to one or more of the base stations 1000(1) to 1000(N). The analysis

processor 1020 in a base station 1000(i) receives the spectrum data from the wearable unit
800 and performs the analysis of the spectrum data to detect and identify a hazardous
substance and displays the results of its computations on the display 1030. After
performing its analysis, the base station 1000(i) may transmit a signal back to the
wearable unit 800 that indicates the nature/identity of a detected substance. For example,
if a harmful substance is detected, the transmitted signal may trigger an audible and/or
visual alert on the wearable unit 800 and/or the hand-held unit 700 so that the user takes
suitable precautions in continuing further, or leaves the area immediately.

Optionally, the processor 820 in the wearable unit 800 may perform a faster, but
lower-fidelity analysis, of the spectrum data produced by the spectrograph 810 in order to
alert the user in real-time or near real-time of detection of a hazardous substance, but
potentially with a lower confidence. This is the so-called search mode referred to above.
The wearable unit 800 will also transmit the spectrum data to a base station 1000(1) that
performs a higher fidelity, higher-confidence, analysis but which may take some
additional time. This is the so-called identification mode referred to above, and 1t uses a
more complete library of signatures. This processing allocation scheme permits more

advanced search strategies, as described below in greater detail in connection with FIGs.
7 and 8.

One advantage of separating the detection processing from the data collection as
depicted by the configuration of FIG. 3 is that the collected data can be transmitted to
multiple base stations (sitmultaneously or sequentially) and each base station can make 1ts
own analysis and be alerted by the man-portable assembly 600 that a hazardous substance
has been detected. If a plurality of man-portable assemblies is deployed, cach assembly
would have a unique identifier that is used when transmitting data to a base station so that

a base station can distinguish between man-portable assemblies. Thus, the information

about a hazardous substance can be rapidly and widely distributed.
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In yet another embodiment of the present invention, a suite of surface scanning
man-portable assemblies 600 are provided to scale the search effort in large perimeters or
buildings. In this case all manportable assemblies 600 report detection eventstoa -
centralized scene-control unit that can coordinate the search effort. Adaptive sampling at
the scene level 1s possible with this multi-sensor conﬁgufation. To this end, one or more
of the base stations 1000(1) to 1000(N) may be linked to a further remotely located
master scene control unit 1100 that coordinates several base stations/man-portable
assemblies. The scene control unit 1100 may include a network interface, such as an
Ethernet hub (E-Net hub) 1110, a status computer 1120, a display 1130 and a power
supply 1140. Each of the base stations 1000(1)-1000(IN) would also have an Ethernet
interface component to facility communication over the network 1200. The scene control
unit 1110 may be operated by a commander on the scene, for example, whose
responsibility it is to coordinate activity with respect to actual or potential detection of a
hazardous substance.

Turning to FIGs. 4A-4D, embodiments of the hand-held unit 100 are described in
more detail. In one embodiment shown in FIG. 4A, the hand-held unit 100 may comprise
a main housing 102 and a hand-grip portion 104. The housing contains the collection
optics 120 and also serves as a support for the laser 110. The laser 110 is mounted on the
bottom of the housing 102. Fold mirrors 112 and focusing optical elements 114 direct the
laser beam to be emitted co-linearly with the bore sight of the collection optics 120.
There 1s a laser power meter 116 that receives a small fraction of the laser light via one of
the fold mirrors 112 to permit monitoring of the laser beam being transmitted. The fold
mirrors 112 can tip or tilt to adjust the optical path of the laser beam. The housing 102
has a front window 108 sized to support the optical elements associated with the laser 110
and the collection optics (telescope) 120 thereby eliminating the need for spider supports
that would otherwise interfere with detection of Raman backscatter. The collection optics
120 comprises a primary mirror 122 and a secondary mirror 124, In this embodiment, the
primary mirror 122 is fixed and the secondary mirror 124 is movable along an optical axis
or bore sight of the device. The secondary mirror 124 can also tip and tilt to adjust the
optical path for the returned optical energy through the telescope 120. The collection
optics 120 focuses any reflected backscattered (e.g., UV Raman) radiation into the fiber
optic bundle 310 that is connected to the hand-held unit 100 and that in turn delivers the
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returned scattered radiation to the spectrograph 210 contained in the processing unit 200

(FIG. 2).
In another embodiment of the hand-held unit 100 shown in FIG 4B, there is an

articulated arm connection 118 connected to a base of the housing 102 that can tip and tilt

~ the optical axis of the laser beam. This allows the laser source to be located in the

processing unit 200 instead of in the hand-held unit 100. There is an optical fiber 311 that
supplies the laser beam from the UV source in the processing unit 200 to the focusing
optic elements 114 in the hand-held unit 100. The other components of the hand-held
unit 100 shown in FIG. 4B may have the same configuration as those shown in the
embodiment of FIG. 4A.

In yet another embodiment of the hand-held unit 100 shown in FIG. 4C, a
transceiver configuration is used. In this case, the UV excitation light is transmitted
through the collection optics 120 using the same path as the received scattered radiation.
The UV laser beam is coupled through an optical fiber 311 to the focusing optical
elements 114. Like the embodiment of FIG. 4B, the UV laser source resides in the
processing unit 200. The collection optics 120 comprise a primary mirror 122, a
secondary mirror 124, a UV Raman edge filter 128, a mirror 131 and a focusing optical
element 133. In this embodiment, the primary mirror 122 is movable and the secondary
mirror 124 1s fixed. The UV Raman edge filter 128 separates the transmitted UV

excitation beam from the returned scattered radiation. FIG. 4C also illustrates the focal
point indicator 130 comprising at least two target-designator laser diodes 117 that are
spaced apart from each other on the side of the housing 102 and pointed inward to direct

their respective beams through a lens to a dichroic mirror 126 that reflects the light beams
from the diodes into the bore sight of the hand-held unit 100 and out the window 108 to a

surface for purposes of assisting in achieving the proper or desired focusing distance.
FIG. 4C also shows a “dead man” switch 152 on the grip or handle 104 to disable the

hand-held unit 100 when it is not in a user’s hand.
FIG. 4D shows a side view of a hand-held unit 100 according to still another

embodiment. On opposite sides of the housing 102 the two focusing diodes 117 are
positioned as in the previous embodiments, to assist the user to manually keep the hand-
held unit 100 at the proper focal distance from the surface being interrogated. The diodes

117 are angled inward with respect to each other such that the beams they emit intersect
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on the surface at a focal point of the collection optics 120 a predetermined distance from
the hand-held unit 100, e.g., approximately one meter. The point of intersection
corresponds with the optimum focus distance of the collection optics 120. There are large
focus adjustment knobs 119 on the side of the housing barrel. By turning these knobs,
either the primary mirror 122 (for the embodiment of FIG. 4C) or the secondary mirror
124.(for.an embodiment of FIG. 4B) is translated along the optical axis of the device and
the standoft focus distance is modified accordingly. There are two switches 156 and 158
located on the back of the unit hand-held 100. To make the hand-held unit 100
operational, these three switches are actuated in order. Specifically, after a software
operation at the processing unit 200 enables the system, the dead man switch 152 on the
handle 104 1s first compressed to close an operating circuit. Next, switch 156 on the back
of the hand-held unit 100 is actuated to turn on the focusing diodes 117. Finally, the
switch 138 1s actuated to turn on the laser 110 or open a physical shutter on the device
100 that permits the laser light to be emitted. One or more lights (e.g., LEDs) 154 on the
back of the unit 100 may be provided to indicate whether the unit is on and operational

As described above, the UV-transmitting fiber bundle 310 efficiently couples the
returned optical into the spectrograph 210. The fiber bundle 310 may comprise a round
multi-fiber bundle that is positioned at the focal plane of collection optics 120 and at the
other end of the bundle the individual fibers are rearranged to form a single row that is
used as the entrance slit of the spectrograph 210. The spectrograph 210 images the
entrance slit onto a pixelated light detector of the ICCD camera 220 after the light is
spatially dispersed by a grating of the spectrograph 21.

The pixelated light detector of the ICCD camera 220 located at the output of the
spectrograph 210 detects the Raman return energy. Several Raman returns can be
accumulated 1n order to improve the signal to noise ratio (SNR) of a given measurement

frame. Once the selected number of returns is accumulated onto the ICCD camera 220 or
other pixelated detector device to provide a single measurement frame, each vertical
column of pixels is binned to further improve the SNR. The resulting array of digital
values extracted from the ICCD camera 220 contains the Raman signature used by the
processing unit 200 to make a chemical detection and identification. Thus, the pixelated
detector (e.g., ICCD 220) generates measurement frame based on one or an accumulation

of a plurality of returns of scattered radiation from the surface
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To accommodate various modes of operation of the sensor system 10, the number
of Raman returns accumulated in each measurement frame is variable. For example,
during a rapid search mode, a surface is quickly scanned and fast frame rates (i.e. less

Raman-returns accumulations per frame) are important to maintain high probability of

detection.- Despite the associated reduction in SNR for each frame, the probability of

detection is improved since each frame is composed of short total exposures ensuring a
higher probability of capturing a high-purity Raman signature (low spectral congestion)
from a target compound that is being encountered during the scan. The short-exposure
frames allow the sensor system 10 to cope with the quick sequence of a large variety of
surface compositions presented to the sensor resulting from the rapid surface-scan. In
contrast, during a confirmation run mode (also called identification mode), the sensor
stares at the interrogated surface (1.e., Raman signature have higher purity since less
variety 1s presented to the sensor) and slow frame rates (i.e. more Raman-returns
accumulations per frame) are important to provide high identification specificity by
improving the Raman signature SNR. During a confirmation run mode, saturation of the
detector can occur. In this case, an auto-gain feature may be provided for each frame by
stopping accumulations before reaching saturation.

The system 10 may continuously scan a surface to detect contamination patches.
In contrast to the point-and-shoot sensor, this system 10 of the present invention allows
for rapid surface scans that range from static to up to tens of cm-per-second depending on
the scenario. This 1s made possible because the system 10 can generate good quality
Raman frames at a 10 to 25 Hz rate in the search mode while maintaining a practical
standoff range or distance (i.e., | m). Higher frame rates are possible but ultimately the
associated reduction in SNR limits the practical frame rate. The capability to generate
these high frame rates 1s also fundamental to the “Raman-video” sensor concept described
above. In terms of a scanning rate coverage, the system of the present invention can scan
a surface at a rate up to tens of centimeters per second. The high data throughput
assoclated with the search mode is compatible with adaptive sampling techniques that use
the real-time results to direct and optimize the search strategy. In this case, it may be
desirable to increase the sensor probability of detection (in a lower fidelity analysis mode)
at the cost of 1ncreasing the probability of false alarm. In this lower-fidelity mode false

alarms have low regret consequences since they only trigger a tighter scrutiny by
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prompting the user to switch to the identification mode. The identification mode provides
a low probability of false alarm but requires that the user stops scanning and stares at the
suspected area. This lower probability of false alarm is rendered possible by conjunction

of two factors: (1) as discussed previously, the staring and lower frame rates result in

high-purity Raman signatures with high SNR, both improving the capability of the

algorithm to perform a correct identification, and (2) the lower frame rate associated with
the identification mode allows the processing unit 200 to use more computationally-
intensive and sophisticated algorithms, and more extensive Raman spectra libraries to

result in a positive match.

FIG. 5 shows example an example of Raman data for a single “frame” taken at 25
Hz repetition rate from a 1 m standoff range. This figure illustrates the quality of data
achieved by the sensor configuration for purposes of enabling the “Raman video” concept
described above. FIG. 5 also illustrates that the system 10 may be operated to detect and
identify substances with a high data throughput in a continuous and uninterrupted
manner.

FIG. 6 shows the processing unit 200 in the form of a cart comprising a housing
202, one or more wheels 205 attached to the housing 202 and a handle 207 to allow a
person to move the processing unit 200. The housing 202 may further comprise feet 208
that are used to keep the processing unit 200 stable. The housing 202 further comprises a
receptacle 209 to store the hand-held unit 100 when not in use. There are brackets 212 to
wrap the cable 300 around when the system is not in use, or to take up extra-slack in the
cable 300 when the system is in use.

With reference to FIG. 6, operation of one embodiment of the system 10 will be
described. The system 10 can be used by one person or two-persons. A two-person
deployment involves a first person attending to the processing unit 200 and a second
person using the hand-held unit 100. The person operating the hand-held unit 100
approaches a surface 400 on which there is a solid or liquid substance 410 to be
interrogated. This person moves the hand-held unit 100 over the surface 400 and uses the
beams emitted by the diodes 117 to focus by moving the hand-held unit 100 towards or
away from the surface 400 so that the beams from the diodes 117 intersect or nearly
intersect on the surface 400 at a focal point of the collection optics 120. By using a focal

distance of approximately one meter, the resulting depth of field of the collection
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telescope for 70% collection is on the order of about two inches in either direction of the
focal point, such that the interrogating light beam from the laser in the hand-held unit 100
can be moved (scanned) across easily without coming out of focus. After the user has
positioned the hand-held unit 100 in focus on the surface 400, the laser is activated and

the returned optical energy is collected by the hand-held unit 100 and coupled via the .

fiber optical bundle in the umbilical cable 300 to the processing unit 200. The processing

unit 200 analyzes the returned optical energy and generates for display data describing the
nature of the detected substance. In addition, the processing unit 200 may generate a
trigger signal that is coupled to the alarm device in one or both of the processing unit 200
and the hand-held unit 100 when the detected substance is of a harmful type to activate an
audible and/or visual alert notification to the users. This will alert the users to exercise
great caution when conducting further investigation, and/or to leave the area immediately.
There may be different levels of alarms that are generated by the processing unit 200
depending on the degree of hazard associated with the detected substance.

As an alternative to the configuration shown n FIG. 6, the hand-held unit 100
may be attached to a distal end of a mechanical arm device 500 as shown in FIG. 4B.

The arm device 118 comprises a proximal end and a distal end and may incorporate free-
space optical coupling of light between the first and second units. The proximal end of
the arm device 118 attaches to the top of the processing unit 200 in the form shown in
FIG. 6, and the hand-held unit 100 attaches to the distal end of the arm device 118. The
mechanical arm device 500 may be remotely controlled from the processing unit 200 to
direct the hand-held unit 100 towards a desired surface to interrogate that surface.

With reference to FIG. 7, operation is now described of the man-portable
assembly 600 and base station 1000 described above in connection with FIG. 3. The
body-wearable unit 800 is contained within a wearable apparatus or housing, such as a
backpack. Alternatively, the wearable apparatus 800 may take other forms such as head-
wearable, arm-wearable, waist-wearable (waist pack), etc. An umbilical cable 900
connects the handheld unit 700 to the wearable unit 800. The man-portable assembly 600
has some processing capability and communicates via a link, such as a wireless link, to
the remote base station 1000 where more extensive processing may be performed.
Generally, to reduce the weight and bulkiness of the equipment that a user must wear, the

body-wearable unit 800 may include a spectrograph for processing the returned optical
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energy signals as well as some processing capability, but the complete data processing 1s
performed at the remote base station 1000. The wearable unmit 800 may be designed to be
light, such as less than about 20 kg (45 Ibs). |

FIG. 8 illustrates an example of the type of scenario for which the system shown
in FIG. 7 may be used. A possible hazard or contamination is determined to exist at a site
(indoors or outdoors). A responder puts on the man-portable assembly 600 and one or
more base stations 1000(1) to 1000(N) is/are positioned a safe distance from the
suspected hazard, e.g., outside a contaminated building or on a different floor. The
responder individuals, who may be wearing protective gear and the man-portable
assembly 600 go to the suspected hazard-contaminated scene. There may be multiple
persons that are each deployed with the man-portable assembly 600 . Each man-portable
assembly 600 communicates with one or more of the base stations 1000(1) to 1000(N).
The hand-held unit 700 is used to interrogate the suspected surface at a standoff of at least
about 1 meter without coming into contact with the suspected surface or object. The
man-portable assembly 600 transmits spectrum data concerning the interrogated surface
to the base station for processing. If the base station 1000(1) (or man-portable assembly
600) detects a surface contamination, the substance is identified and the base station may
transmif a signal to the man-portable assembly 600 in a relatively short time (e.g., within
a few seconds or less) with a relatively high degree of confidence. The responder may
proceed to map the detected hazardous substance, taking advantage of the high flexibility
of line of sight. The coordinated hazard detection and identification system depicted in
FIGs. 7 and 8 allows for a central (scene) control station to coordinate a detection sweep
of surfaces in a region of interest.

FIG. 8 also shows graphical element lines to indicate where in the scene the
detector has already scanned for substances. For example, on the horizontal surface 1200
(e.g., the ground), graphical element lines 1210 indicate where the detector has already
scanned on the surface 1200. A hazardous substance detection patch is shown at
reference numeral 1220. Similarly, on a vertical surface 1300 (e.g., a wall), graphical

element lines 1310 are drawn to indicate where on the vertical surface 1300 the detector

has already scanned
Another physical platform that may be useful to deploying the stand-off detection

technology is a manned ground vehicle or an unmanned mobile ground vehicle. The
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feature and functions of the man-portable assembly 600 can be integrated or mounted in
either type of vehicle. The advantage of deploying the technology in an unmanned
mobile ground vehicle is that the vehicle can capture spectrum data for analysis by the

vehicle or by a remote base station so that a person does not need to come in proximity to

a potentially hazardous substance.

The system and methods described herein may be embodied in other specific
forms without departing from the spirit or essential characteristics thereof. The foregoing

embodiments are therefore to be considered in all respects illustrative and not meant to be

linmiting.
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What is Claimed is:

1. A standoff hazard detection and identification system capable of detecting and
identifying contaminants on a surface, comprising;:

a first unit that emits a beam of light onto a surface that is located a distance away
from the first unit and captures scattered radiation from said surface as a result of said
beam of light;

a second unit comprising a spectrograph that converts said scattered radiation to
spectral data, wherein the spectrograph comprises a pixilated detector that generates
measurement data for a measurement frame comprising one or an accumulation of a
plurality of returns of scattered radiation from the surface, and a processor that analyzes
the spectral data in order detect a contaminant on said surface, wherein the processor is
configured to control the second unit to operate in one of first and second modes of
operation, where in the first mode, the pixilated detector accumulates a first number of
returns of scattered radiation for a measurement frame to provide a first rate for scanning
on said surface and an analysis of a first fidelity, and in the second mode, the pixilated
detector accumulates a second number of returns of scattered radiation for a measurement
frame that is greater than the first number of returns to provide a second rate for scanning
on said surface that is slower than the first rate and an analysis of a second fidelity that 1s
greater than the first fidelity; and

a link between said first unit and said second unit to couple said scattered radiation

from said first unit to said second unit.

2. The system of claim 1, wherein said first unit is a portable hand-held device and

comprises a light source that produces the beam of light.

3. The system of claim 1, wherein said light source is an ultraviolet (UV) laser.

4, The system of claim 3, wherein said second unit comprises the UV laser and the
first unit comprises a final UV-conversion stage that is pumped by the UV laser in the
second unit and coupled to the UV laser via an optical fiber that extends along said link

from the second unit to the first unit.
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5. The system of claim 1, wherein said first unit comprises a collection optics
subsystem that collects said scattered radiation from said surface for coupling via said link

to said second unit.

6. The system of claim 5, wherein said first unit comprises a visible target indicator
that emits a plurality of beams of visible light through said collection optics subsystem so
that the plurality of beams intersect each other on said surface at a focal point of said

collection optics subsystem.

7. The system of claim 6, wherein said visible target indicator comprises at least two
laser diodes mounted on a housing of said first unit, and a dichroic mirror, wherein the
laser diodes are pointed inward into the housing to direct their beams to the dichroic
mirror which is positioned to reflect beams from the diodes into a bore sight of the first
unit through which the light beam is to be directed so that the beams from the diodes

intersect each other on said surface at a focal point of said collection optics subsystem.

3. The system of claim 1, wherein said light source generates said beam of light in
the ultraviolet (UV) spectrum to induce substances on said surface to emit Raman

scattered radiation from said surface.

9. The system of claim 8, wherein said processor compares said spectral data to a

plurality of spectral data of known substances, and determines whether said substance is a

known or foreign substance.

10.  The system of claim 8, wherein said first unit is moved across the surface in order

to scan the surface at a scanning rate up to tens of centimeters per second.

11.  The system of claim 1, wherein said light source generates said beam of light so as

to illuminate a spot that is less than one millimeter in diameter.

12.  The system of claim 1, wherein said second unit generates data at a rate of more

than 10 measurement frames per second.
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13.  The system of claim 1, wherein said first unit comprises a collection optics
subsystem that collects said scattered radiation from said surface for coupling via said link
to said second unit, wherein said collection optics subsystem comprises one or more
optical elements that are movable to adjust a focal point of said collection optics

subsystem.

14. A standoff hazard detection and identification system capable of detecting and
identifying contaminants on a surface from a distance, comprising:

a first unit comprising a light source that emits a beam of light onto a surface that
s located a distance away from the first unit and an optical subsystem that captures
scattered radiation from said surface as a result of said beam of light;

a second unit coupled to said first unit comprising a spectrograph that converts
said scattered radiation to spectral data and a processor that analyzes said spectral data in
order to detect a contaminant on said surface, said second unit comprising a wireless
transceiver configured to wirelessly transmit over the air said spectral data to another
device for processing, wherein the processor is configured to control the second unit to
operate in one of first and second modes of operation, where in the first mode, the
pixilated detector accumulates a first number of returns of scattered radiation for a
measurement frame to provide a first rate for scanning on said surface and an analysis of a
first fidelity, and in the second mode, the pixilated detector accumulates a second number
of returns of scattered radiation for a measurement frame that is greater than the first
number of returns to provide a second rate for scanning on said surface that is slower than

the first rate and an analysis of a second fidelity that is greater than the first fidelity; and

a third unit physically separate from the first unit and second unit and comprising
a wireless transceiver that is configured to receive said spectral data from said second unit
and a processor that is configured to analyze said spectral data with one or more
algorithms that are more computationally intensive than algorithms used by the processor

in said second unit.

15. The system of claim 14, wherein said wireless transceiver in the third unit
transmits to said second unit results of analysis performed by the processor in said third

unit.

24



CA 02639159 2011-07-22

16.  The system of claim 15, wherein said second unit comprises a user interface and

display to display said results.

17.  The system of claim 14, wherein second unit comprises a rechargeable power
supply, and said third unit comprises a docking port to connect to said second unit in
order to exchange information with said second unit, and for supplying electrical energy

to charge said rechargeable power supply chargeable batteries of said second unit.

- 18. A standoff hazard detection system, comprising:

a light source that emits a beam of light onto a surface to excite Raman scattered
radiation from said surface;:

an optical subsystem that collects the Raman scattered radiation;
a spectrograph that receives the Raman scattered radiation collected by said optical
subsystem and generates a measurement frame of Raman spectral data based on an
accumulation of a plurality of returns of Raman scattered radiation from said surface; and

a processor that analyzes the Raman spectral data using Raman spectroscopy
techniques to discriminate substances on said surface, wherein the processor is configured
to control the spectrograph in one of first and second modes, wherein in the first mode,
the processor controls the spectrograph to accumulate a first number of returns of
scattered radiation for a measurement frame to provide a first rate for scanning on said
surface and an analysis of a first fidelity, and in the second mode, the processor controls
the spectrograph to accumulate a second number of returns of scattered radiation for a

measurement frame that is greater than the first number of returns to provide a second rate
for scanning on said surface that is slower than the first rate and an analysis of a second

fidelity that is greater than the first fidelity.

19. A method for standoff detection of a hazardous substance, comprising:

in a first hand-held unit, directing a light beam to a surface located a distance away
from the first unit;

in said first unit, capturing returned scattered radiation from said surface as a result
of interaction of the light beam with a substance on said surface;

coupling said returned scattered radiation to a second unit separate from said first
unit;
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generating spectral data from said returned scattered radiation in said second unit,
wherein generating comprises, in a first mode, generating said spectral data from

accumulation of a first number of returns of scattered radiation for a measurement frame
for scanning across said surface at a first rate and with an analysis of a first fidelity, and in
a second mode, generating comprises generating said spectral data from accumulation of a
second number of returns of scattered radiation for a measurement frame that is greater
than the first number of returns for scanning across said surface at a second rate that is
slower than the first rate and with an analysis of a second fidelity that is greater than the
first fidelity; and

analyzing said spectral data to detect a contaminant on said surface.

20.  The method of claim 19, wherein said analyzing is performed in said second unit.

21.  The method of claim 19, and further comprising wirelessly transmitting said
spectrum data from said second unit to a third unit positioned remotely from said second

unit, and wherein said analyzing is performed in said third unit.

22.  The method of claim 19, wherein said generating comprises generating a
measurement frame of spectral data comprising one or an accumulation of a plurality of

returns of scattered radiation from said surface.

23. A man-portable standoff hazard detection apparatus, comprising:

a hand-held unit that directs a light beam onto a surface located a distance away
from the hand-held unit and an optical subsystem that captures returned scattered
radiation from said surface as a result of said light beam;

a body wearable unit comprising a spectrograph that generates spectral data from
the returned scattered radiation, and a processor configured to control the spectrograph in
one of first and second modes, wherein in the first mode, the processor controls the
spectrograph to accumulate a first number of returns of scattered radiation for a
measurement frame to provide a first rate for scanning on said surface and an analysis of a
first fidelity, and in the second mode, the processor controls the spectrograph to
accumulate a second number of returns of scattered radiation for a measurement frame

that is greater than the first number of returns to provide a second rate for scanning on
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said surface that is slower than the first rate and an analysis of a second fidelity that is
oreater than the first fidelity; and

a cable that connects said hand-held unit to said wearable unit, wherein said cable
comprises on¢ or more optical fibers that transports said returned scattered radiation
collected by said optical subsystem in said hand-held unit to said spectrograph in said

wearable unit.

24.  The apparatus of claim 23, wherein said processor of said body wearable unit
analyzes said spectral data using spectroscopy techniques to identify a substance on said

surface.

25.  The apparatus of claim 24, and further comprising a display device in said body
wearable unit that is connected to said processor to display information for a substance

determined to be present on said surface.

26.  The system of claim 23, and further comprising a plurality of hazard detectors
each comprising a hand-held unit and an associated body wearable unit, and a central
control station wirelessly linked to the plurality of hazard detectors, wherein the central
control station is configured to receive detection and identification data from said
plurality of hazard detectors and to transmit control signals to the plurality of hazard
detectors in order to coordinate a detection sweep of surfaces in a region of interest by the

plurality of hazard detectors.

27.  The system of claim 26, and further comprising a plurality of base stations
connected by a wired network to the central control station, and wherein each base station
comprises a radio frequency (RF) transceiver configured to send RF signals to a hazard
detector and to receive RF signals from a hazard detector, and wherein the central control
station sends the control signals to one or more base stations which in turn wirelessly

transmit the control signals as RF signals to one or more hazard detectors.
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28.  The system of claim 27, wherein each base station further comprises a processor

that is configured to analyze spectral data sent via RF signals to the base station from a

hazard detector, and wherein the processor in each base station is configured to analyze
the spectral data with one or more algorithms that are more computationally intensive

than algorithms used by the processor in the body wearable unit of a hazard detector.

29.  The system of claim 5, wherein the first unit comprises a housing having a front
window sized to support optical elements associated with a laser light source and the
collection optics subsystem, the collection optics subsystem comprising a primary mirror
and a secondary mirror, wherein the primary mirror is fixed and the secondary mirror is
movable along an optical axis and wherein the secondary mirror is configured to tip and
tilt in order to adjust an optical path for the returned optical energy through the collection

optics subsystem.

30.  The system of claim 29, wherein the second unit comprises a light source that
generates the beam of light and an optical fiber coupled between the light source of the
second unit and the first unit, and further comprising an articulated arm connected to a
base of the housing of the first unit, wherein the articulated arm is configured to tip and

tilt the optical axis of the beam of light.

31.  The system of claim 5, wherein the second unit comprises a light source that
generates the beam of light and an optical fiber coupled between the light source of the

second unit and the first unit, wherein the collection optics subsystem comprises a

primary mirror, a secondary mirror, and a Raman filter that is configured to separate
excitation light that is transmitted through the collection optics subsystem from received
scattered radiation that in the same optical path as the excitation light, wherein the

primary mirror is movable and the secondary mirror is fixed.
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