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1
MATCHED OPTICAL WAVEFORMS FOR
DETECTION AND IDENTIFICATION OF
BIOLOGICAL PATHOGENS

FIELD

The present disclosure relates generally to a method for
identifying a contaminant in a gaseous space and, more par-
ticularly, to a robust system and method for detecting and
identifying biological pathogens and chemical contaminants,
or identifying the presence of a specific chemical specie pro-
duced by a tag.

BACKGROUND

Chemical and biological agents pose a real and unpredict-
able threat to mankind. A wide variety of synthetic chemicals,
toxins and biological materials have been developed for use
as warfare or terror agents. Some chemical and biological
agents are readily available and could easily be prepared in
large quantities. Detecting chemical and biological agents
quickly and accurately at very low concentration levels is
crucial to a successful defense against the use of such agents
as weapons.

Chemical effluent from chemical processing plants or fac-
tories, from leakage of fuels such as rocket propellants, or
from volatility of chemical tags specifically placed in medi-
cines or explosives also needs to be detected with sensitivity
either remotely or in close proximity.

Since chemical and biological agents are effective in small
doses, sensitivity is a critical feature of any detection system.
Complex and rapidly changing operating conditions also
require a detection system to exhibit a high degree of selec-
tivity. In other words, selectivity is needed to discriminate
chemical and biological agents from other harmless materials
present in the environment. Lastly, the speed in which an
agent is identified is essential for determining an appropriate
response to a threatening condition. Moreover, speed is an
important characteristic in that the response of multiple
agents can be searched for during the scan. Therefore, it is
desirable to provide a detection scheme which addresses each
of these technical challenges.

The statements in this section merely provide background
information related to the present disclosure and may not
constitute prior art.

SUMMARY

A method is provided for identifying a contaminant in a
gaseous space. The method includes: generating a broadband
optical waveform; shaping the optical waveform to match an
expected spectral waveform for a known contaminant; and
transmitting the shaped optical waveform towards an
unknown contaminant. Upon receiving the reflected wave-
form from the unknown contaminant, a detection system
determines whether or not the unknown contaminant corre-
lates to a known contaminant based on the spectrally reflected
waveform. The absorption spectra of the contaminants are
typically unique and measurable.

Further areas of applicability will become apparent from
the description provided herein. It should be understood that
the description and specific examples are intended for pur-
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2

poses of illustration only and are not intended to limit the
scope of the present disclosure.

DRAWINGS

FIG. 1 is a flowchart illustrating a method for identifying
biological pathogens;

FIG. 2 is a block diagram of an exemplary system for
detecting and identifying biological pathogens or chemical
contaminants;

FIG. 3 is a diagram of an exemplary optical source which
may be used in the detection system;

FIG. 4 is a diagram of an exemplary waveform shaping
component which may be used in the detection system; and

FIGS. 5A and 5B are block diagrams depicting exemplary
detection schemes which may be used in the detection sys-
tem;

The drawings described herein are for illustration purposes
only and are not intended to limit the scope of the present
disclosure in any way.

DETAILED DESCRIPTION

FIG. 11illustrates a method for identifying biological patho-
gens, chemical contaminants or the presence of a chemical
tag based on the principles of spectroscopic detection. Prior to
identifying an unknown pathogen, a library of spectroscopic
responses is compiled for pathogens of interest as indicated at
12. In an exemplary embodiment, a spectroscopic response
(i.e., an expected waveform) for a given biological pathogen
may be determined by transmitting a broadband optical wave-
form towards a known biological pathogen of interest. The
waveform as reflected by the biological pathogen of interest is
then captured and stored in a library as the spectroscopic
response for the biological pathogen. To improve the sensi-
tivity and selectivity of the detection process, the optical
waveform reflected by the biological pathogen of interest
may be partitioned into a plurality of spectral components
(e.g., waveforms having different frequency ranges). The
spectroscopic response at each of the different spectral com-
ponents is captured and stored in the library, thereby creating
a series of expected waveforms for a given biological patho-
gen. This process is in turn repeated for a variety of different
biological pathogens of interest to create an entire library.

To identify an unknown biological pathogen, a broadband
optical waveform is first shaped at 14 to match an expected
waveform for a known biological pathogen. Shaping is under-
stood to mean adjusting the amplitude and/or phase of some
orall ofthe spectral components of the waveform. By shaping
the interrogating waveform to match the expected waveform,
only light that is expected to exhibit a spectroscopic response
is transmitted towards the target. In other words, light which
will not be used in the detection process is not transmitted
towards the target, thereby maximizing the signal-to-noise
ratio of the reflected waveform. The shaped waveform is
transmitted at 16 towards an unknown biological pathogen
and the spectroscopic response embodied in the reflected
waveform is analyzed at 18 to determine whether the
unknown biological pathogen correlates to the known bio-
logical pathogen. The unknown biological pathogen is iden-
tified when the spectroscopic response of a reflected wave-
form matches the spectroscopic response of the known
biological pathogen.

Different waveforms or pulses of a waveform may be used
to interrogate the unknown biological pathogen. Each differ-
ent waveform or pulse of a waveform is shaped to match an
expected waveform for a known biological pathogen found in
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the library and then transmitted towards the unknown biologi-
cal pathogen. In this way, the unknown biological pathogen
may be evaluated in relation to each known pathogen. While
the following description is provided with reference to bio-
logical pathogens, it is readily understood that this technique
is suitable for detecting and/or identifying chemical agents,
toxins, and other types of contaminants which may be found
in a gaseous volume.

FIG. 2 depicts an exemplary system 20 for detecting and
identifying biological pathogens. The detection system 20 is
generally comprised of an optical transmitter 30, an optical
receiver 50, a digital signal processor 22, and a library 24 of
spectroscopic responses for known biological pathogens. The
optical transmitter 30 includes an optical source 32 and a
waveform shaping component 34. The optical receiver 50
includes a filtering component 52 and a photodetector 54.
Each of these components is further described below.

The optical source 32 generates a pulsed broadband optical
waveform operating in the Terahertz frequency range with a
Giga-pulse repetition rate. Each pulse or series of pulses may
be used to interrogate an unknown contaminant. Operating at
such high repetition rates increases the speed at which detec-
tion can occur; whereas, the use of a broadband Terahertz
waveform improves the selectivity of the system as further
described below.

In an exemplary embodiment, the optical waveform is fur-
ther defined as a supercontinuum waveform (i.e., a waveform
with a very broad spectral bandwidth generated by a nonlin-
ear process). A supercontinuum waveform may be generated
using various techniques. For example, a supercontinuum
waveform may be generated by spectrally broadening (i.e.,
increasing the number of spectral components) an optical
waveform by propagating it through some nonlinear medium,
such as a crystal. FIG. 3 illustrates an exemplary technique,
where the optical source 32 is implemented using a 10 Giga-
hertz comb stabilized, mode-locked laser 36 operably con-
nected to a nonlinear fiber 38. An optical amplifier 37 (e.g., an
erbium-doped fiber amplifier) may be interposed between the
laser 36 and the non-linear fiber 38. It is envisioned that other
types of pulsed light sources (e.g., a fiber ring laser) may be
used. Likewise, other techniques for broadening the optical
spectrum of the optical waveform across a range of frequen-
cies are also contemplated by this disclosure. For instance, the
pulsed light source may be passed through other mediums
that cause self-phase modulation to broaden the spectrum of
the individual pulses. Alternatively, a supercontinuum wave-
form may be achieved using techniques such as Raman scat-
tering or four-wave mixing.

FIG. 4 depicts an exemplary embodiment of a waveform
shaping component. In this exemplary embodiment, the
broadband optical waveform is preferably shaped across a
range of different frequencies embodied in the waveform.
Thus, light from optical source 32 is input into a demulti-
plexer 42. The demultiplexer 42 partitions the broadband
optical waveform into a plurality of optical waveforms tra-
versing different adjacent frequency ranges. Optical wave-
forms at four different frequency ranges are shown as being
output from the demultiplexer 42. It is readily understood that
more or less waveforms be output by the demultiplexer 42 or
a series of multiplexers. A plurality of optical modulators 44
are in turn coupled to the demultiplexer 42, such that each
optical modulator receives one of the optical waveforms out-
put from the demultiplexer 42. Each of the optical modulators
is further controlled by the signal processor 22 which is in
data communication with a data store of expected waveforms.
However, it is contemplated that the waveform may be shaped
using a single optical modulator.
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In operation, the optical waveforms at each of the different
frequencies may be shaped by one of the optical modulators
in accordance with the expected spectroscopic response (i.e.,
waveform) for the biological pathogen of interest. In other
words, the optical waveform at a first frequency is modulated
in accordance with the expected spectroscopic response at the
first frequency and the optical waveform at a second fre-
quency is modulated in accordance with the expected spec-
troscopic response at the second frequency. The resulting
waveforms are then input into a multiplexer 46 that recom-
bines the waveforms into a single broadband optical wave-
form. In a less sophisticated approach, wavelength blockers
may be used in place of the optical modulators. Wavelengths
which are expected to exhibit a spectroscopic response are
passed; whereas, wavelength which are not expected to
exhibit a spectroscopic response are completely blocked and
thus eliminated from the interrogating waveform. It is readily
understood that other types of shaping or filtering mecha-
nisms may be used in place of optical modulators.

To interrogate an unknown target, each pulse of light (or
series of pulses) may be shaped to matched to an expected
waveform for a known biological pathogen in the manner
described above. In this way, the unknown target may be
compared to hundreds of thousands of known biological
pathogens in a very short amount of time. When the unknown
target extends outside the field of view of the optical trans-
mitter, the transmitter may be scanned to interrogate a larger
target area. In this case, the interrogating waveform at each
scan location will match a single biological pathogen until the
entire target area has been scanned. The interrogating wave-
form can then be matched to a different biological pathogen
and the target area can be re-scanned. Alternatively, different
pulses of light may be matched to different biological patho-
gen at a given scan location. Once an interrogating waveform
has been transmitted for the series of biological pathogens of
interest, the optical transmitter may be moved to a different
scan location and the process repeated until the entire target
area has been scanned.

On the receiver side, an optical matched filter is preferably
employed to further improve the selectivity of the detection
system. Knowing the biological pathogen of interest, the
optical matched filter may be controlled by the signal proces-
sor to filter the reflected waveform in accordance with the
expected waveform for the biological pathogen. Further
details regarding an exemplary optical matched filter may be
foundin U.S. Provisional Patent No. 60/803,460 filed on May
30, 2006 and entitled “RF MATCHED FILTER RECEIVER
USING OPTICAL TECHNIQUES, ASSOCIATED BEAM-
FORMING AND ASSOCIATED METHODS” which is
incorporated herein by reference. Although not limited
hereto, auto-correlating the incoming reflected waveform to
the interrogating waveform is one exemplary filtering tech-
nique. Other filtering techniques that rely upon the expected
spectroscopic response are also contemplated by this disclo-
sure.

Different detection schemes may be employed to assess the
reflected waveforms. In FIG. 5A, the reflected waveform is
split into a plurality of identical intensity split waveforms by
an optical splitter 62. A plurality of optical matched filters 64
are coupled to the optical splitter 62 such that each optical
matched filter receives one of the waveforms output from the
splitter 62. Each of the optical matched filters 64 is further
controlled by the signal processor 22. In this way, each wave-
form may be filtered at a different frequency. For instance, a
first waveform is filtered to only pass the expected spectro-
scopic response at a first frequency; whereas, a second wave-
form is filtered to only pass the expected spectroscopic
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response at a second frequency. The filtered waveforms are
then input into a signal combiner 66 that recombines the
waveforms into a single waveform. Lastly, a photodetector 68
operable over the entire spectral bandwidth of the interrogat-
ing waveform converts the waveform into an analog signal.

When the reflected waveform from the target correlates to
the expected waveform, the matched filters have passed the
expected spectroscopic response onto the photodetector
while filtering out most of the noise. Conversely, when the
target does not correlate to the expected waveform, the
matched filters have filtered out most of the reflected wave-
form. Thus, an amplitude threshold detection scheme can be
used to determine whether the target correlates to the
expected biological pathogen. In an exemplary embodiment,
the signal output from the photodetector 68 is input into an
analog-to-digital converter which is in turn coupled to the
signal processor. The threshold detection scheme may be
implemented in software and executed by the signal proces-
sor in a manner known in the art.

In an alternative approach, detection is based on an assess-
ment of each frequency component of the reflected waveform
as shown in FIG. 5B. In this approach, the reflected waveform
is input into a demultiplexer 70 which partitions the wave-
form into a plurality of waveforms having different frequen-
cies. Each waveform is again filtered by one of a plurality of
optical filters 72 in accordance with the expected waveform at
a given frequency. However, each filtered waveform is input
into a different photodetector 74, such that post-processing
signal analysis can be performed on each frequency compo-
nentto determine whether the target correlates to the expected
biological pathogen. It is readily understood that other detec-
tion schemes fall within the broader aspects of this disclosure.

The above description is merely exemplary in nature and is
not intended to limit the present disclosure, application, or
uses.

What is claimed is:

1. A method for identifying a contaminant in a gaseous
space, comprising:

determining a spectroscopic response for a plurality of

known contaminants;
generating a broadband optical waveform;
shaping the optical waveform concurrently at a plurality of
different frequencies to match the spectroscopic
response for the plurality of known contaminants;

transmitting the shaped optical waveform towards an
unknown contaminant;

receiving a reflected portion of the shaped optical wave-

form that is reflected by the unknown contaminant;
splitting the reflected portion of the shaped optical wave-
form into a plurality of received optical waveforms;
filtering each of the plurality of received optical waveforms
at a different one of the plurality of frequencies;
recombining the plurality of received optical waveforms to
form one received waveform; and
determining whether the unknown contaminant correlates
to one of the plurality of known contaminants based on
the one received waveform.

2. The method of claim 1 wherein generating a broadband
optical waveform further comprises generating a supercon-
tinuum optical waveform.

3. The method of claim 1 wherein shaping the optical
waveform further comprises adjusting at least one of an
amplitude or a phase of the optical waveform.

4. The method of claim 3 wherein determining the spec-
troscopic response for the plurality of known contaminants
further comprises:
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transmitting an initial broadband optical waveform
towards each of the plurality of known contaminants;

receiving the initial broadband optical waveform as spec-
trally reflected by each of the plurality of known con-
taminants;

partitioning the spectrally reflected initial broadband opti-
cal waveform into a plurality of optical waveforms hav-
ing different frequency ranges; and

determining an expected waveform at each of the different
frequency ranges.

5. The method of claim 1 further comprises determining a
spectroscopic response for the plurality of known contami-
nants prior to generating a broadband optical waveform.

6. The method of claim 1 wherein shaping the optical
waveform further comprises blocking the optical waveform
at frequencies where the expect waveform does not exhibit a
spectroscopic response.

7. The method of claim 1 wherein shaping the optical
waveform further comprises optically modulating the optical
waveform at each of the frequencies where the expected
reflected waveform exhibits a spectroscopic response.

8. The method of claim 1 wherein receiving the shaped
optical waveform further comprises filtering the shaped opti-
cal waveform based on the expected reflected waveform for
the plurality of known contaminants.

9. The method of claim 1 wherein receiving the shaped
optical waveform further comprises auto-correlating the
shaped optical waveform to the expected reflected waveform
for the plurality of known contaminants.

10. A system for identifying a contaminant in the atmo-
sphere, comprising:

an optical source operable to generate a supercontinuum
waveform;

a data store operable to store a plurality of expected wave-
forms, where each expected waveform correlates to a
waveform expected to receive from a known contami-
nant; and

a waveform shaping component adapted to receive the
supercontinium waveform from the optical source, the
waveform shaping component operable to select one of
the plurality of expected waveforms from the data store
and optically modulate the supercontinuum waveform
in accordance with the selected expected waveform,
wherein the waveform shaping component further com-
prises a demultiplexer configured to receive the super-
contintum waveform and operable to partition the
supercontinuum waveform into a plurality of waveforms
each in a different frequency range; a plurality of optical
modulators connected to the demultiplexer, such that
each optical modulator receives one of the plurality of
waveforms and is operable to optically modulate the
waveform in accordance with the selected expected
waveform from the data store; and a multiplexer con-
nected to the plurality of optical modulators and oper-
ableto combine the plurality of modulated waveforms to
form an optical output waveform.

11. The system of claim 10 wherein the optical source
further comprises a pulsed light source operating in at Tera-
hertz frequency which is operable to output a pulsed stream of
light into an optical medium so as to cause self-phase modu-
lation of the pulsed stream of light.

12. The system of claim 10 wherein the optical source is
further defined as a mode-locked laser operably connected to
a nonlinear optical fiber.

13. The system of claim 12 further comprises an optical
amplifier interposed between the diode laser and the nonlin-
ear optical fiber.
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14. The system of claim 10 further comprises an optical
match filter configured to receive the waveform as reflected
by an unknown contaminant and operable to filter the
reflected waveform in accordance with an expected wave-
form selected from the data store.

15. The system of claim 10 further comprises

an optical splitter configured to receive the waveform

reflected by an unknown contaminant and operable to
intensity split the reflected waveform into a plurality of
reflected waveforms; and

aplurality of optical filters optically coupled to the optical

splitter and operable to filter each of the plurality of
reflected waveforms at a different frequency.

16. A detection system for identifying a contaminant in the
atmosphere, comprising:

a data store operable to store a plurality of expected wave-

forms, where each expected waveform correlates to a
spectroscopic response for a known contaminant;
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an optical source operable to generate a supercontinuum
waveform for transmission towards an unknown con-
taminant;

a waveform shaping component configured to receive the
supercontinium waveform from the optical source and
operable to optically modulate the waveform at one or
more different frequencies embodied therein;

an optical match filter configured to receive a reflected
portion of the waveform that is reflected by the unknown
contaminant and operable to auto-correlate the reflected
portion of the waveform to an expected waveform
selected from the data store; and

a photodetector operable to capture the filtered waveform
from the optical matched filter.
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