wo 20187140101 A1 | 0K 000 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2018/140101 A1

02 August 2018 (02.08.2018) WIPO | PCT

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
GO01S 17/02 (2006.01) G018 17/89 (2006.01) kind of national protection available): AE, AG, AL, AM,
GO1S 17/88 (2006.01) GO01S 17/93 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(21) International Application Number: €A, CH, CL, €N, €O, CR, €U, €Z, DE, DJ, DK, DM, DO,
PCT/US2017/058307 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
(22) International Filing Date: KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
25 October 2017 (25.10.2017) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
- . OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(25) Filing Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every
15/340,732 01 November 2016 (01.11.2016) US kind of regional protection available). ARIPO (BW, GH,
. GM,KE, LR, LS, MW,MZ,NA,RW, SD, SL, ST, SZ, TZ,
(71) Applicant: BAE SYSTEMS INFORMATION AND UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
ELECTRONIC SYSTEMS INTEGRATION INC. TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
[US/US]; P.O. Box 868, Nashua, NH 03061-0868 (US). EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Inventors: ACKER, Andrew, N.; 1130 Wilder Avenue MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

74

#1401, Honolulu, HI 96822 (US). MISRA, Anupam, K.;
2420 Kuhio Avenue #312, Honolulu, HI 96815 (US).
SHARMA, Shiv, K.; 500 University Ave. #117, Honolulu,
HI 96826 (US).

Agent: ASMUS, Scott, J.; Bac Systems, P.O. Box 868,
NHQ1-719, Nashua, NH 03061-0868 (US).

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(34

Title: APPARATUS FOR DETECTING SEA MINES

ager.

[
S
4
i

! iV
SV, AT, SUHL S w*&&/\v./’i»’\..‘. -N~\£/\w~'x,h\“,\_.ﬂ~_»\¢‘

FlG. 1

(57) Abstract: An apparatus for detecting sea mines is disclosed. The appa-
ratus includes a pulsed laser, a collection optics, a long-pass beam splitter, a
short-pass beam splitter, a Laser imaging, Detection and Ranging (LIDAR)
channel imager, a Raman channel imager and a florescence channel imager.
After the pulsed laser has sent a laser pulse to an ocean surface, the collection
optics collects Rayleigh, Raman and florescence scattering return signals re-
flected from the ocean surface as a result of the laser pnlse laser striking the
ocean surface and any objects therein. The long-band beam splitter directs the
Rayleigh scattering return signals to the LIDAR channel imager. The short-
band beam splitter directs the liarnan return signals to the Raman channel im-
ager, and directs the florescence return signals to the florescence channel im-
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APPARATUS FOR DETECTING SEA MINES

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Patent Application No. 15/340,732, filed on

November 1, 2016, which is herein incorporated by reference in its entirety.

TECENICAL FIELD

{0001] The present disclosure relates to mine detection in general, and in particular o an

apparatus for detecting maritime mines fom air,
BACKGROUND

{0002] The current state of the art apparatus for detecting sea mines from air utilizes either a
passive multi-spectral electro-optical (EO) system or an active imaging Laser Imaging, Detection
and Ranging (LIDAR ) system.  With passive EO systems, mine-like objects (MLOs) are detected
through imaging changes in the water leaving radiance signal, and such systems can only be used
in daylight conditions. Active imaging LIDAR systems employ a pulsed laser transmittor source
to direct a laser pulse at the ocean. A detector is then utilized to measure the retum signals (both
tirne of flight and intensity), and the variations in the return signals with respect to the background
are used to detect the presence of MLOs. Unlike passive EO systems, active imaging LIDAR
systems can be operated during day time and night time.

[8803] Both passive EO and active imaging LIDAR systems have difficulties in detecting sca
mines located at or just beneath the ocesn surface. In the case of passive RO systems, surface
and floating mines can act as spectral reflectors of the down welling solar irradiance, presenting
the same spectral signature as glint.  In the case of active imaging LIDAR systems, it is generally
not possible o separate the large surface reflection {glint) fom the signal generated by surface
and near surface ses mines. Basically, glint effects can cause a reduction in detection
performance against surface and near surface sea mines for both passive BO and active LIDAR

systems,
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SUMMARY

{0684] In accordance with one embodiment of the present disclosure, an apparatus for detecting
sea mines includes a pulsed laser, a collection optics, a long-pass bearmn splitter, a short-pass beam
splitter, a Laser Imaging, Detection and Ranging (LIDAR) channel imager, a Raman channel
imager and a florescence channel imager.  After the pulsed laser has sent a laser pulse t an ocean
surface, the collection optics collects Rayleigh, Raman and florescence scattering return signals
reflected from the ocean surface as a result of the laser pulse laser siriking the ocean surface and
any objects therein. The long-band beam splitter directs the Rayleigh scattering retum signals to
the LIDAR channel imager. The short-band beam splitter directs the Raman retum signals to the
Raman channel imager, and directs the florescence retum signals to the florescence channel

unager.

{000S] The features and advantages described hercin are not all-inclusive and, in particular,
many additional features and advantages will be apparent to one of ordinary skill in the art in view
of the drawings, specification and claims. Moreover, it should be noted that the language used
in the specification has been selected principally for readability and instructional purposes and not
to limit the scope of the inventive subject matter.

BRIEF DESCRIFTION OF THE DRAWINGS

[0068] The invention itself, as well as its modes of use, further objects, and advantages thereof,
will best be understoad by reference to the following detailed description of an illustrative

embodiment when read in conjunction with the accompanying drawings, wherein:

{B607] Figure 1 is a block diagram of an apparatus for detecting sea mines and objects, in

accordance with one embodiment of the present disclosure; and
[D088] Figure 2 is a diagram of the apparatus from Figure 1 being in operation.
DETAILED DESCRIPTION

{080%] The present disclosure provides an apparatus for detecting sea mines and other objects

that are either floating or submerged in water. Specifically, the apparatus uses Raman and

fluorescence imaging (RFT) signals to identify sea mines and other objects, such as fish, debris,

marine plants and algae, ol spills, marine hazards, hurnans, ete., through their respective spectral

features and time of flight. The apparatus can provide real-time images from which various

objects can also be identified through thelr morphologies. The depth of the objects can be
2
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obtained by the intensity of the Raman signal of water above the object and also by Laser Imaging,
Detection snd Ranging (LIDAR).

{8018} Reforming now fo the drawings and in particular to Figure §, there is illustrated s block
diagram of an apparatus for detecting sea mines and objects, in accordance with one embodiment
of the present disclosure.  As shown, a RFELIDAR aystem 18 includes a pulsed laser 12, a beam
expander 13 and a Holding mirror 14 for sending pulsed laser beams. RFLLIDAR system 18 also
includes a collection optics 15 along with a long-pass beamn splitter 81 and a short-pass beam
splitter 52 for partitioning the return signals by wavelength and for transmitting the appropriate
wavelength bands to a Raman chamnmel imager 16, a LIDAR channel imager 17 and a florescence

channel imager 18, accordingly.

{0013] Pulsed laser 12 can emit a group of high-power pulsed laser beams at an area of ocean
surface via beam expander 13 and folding mirror 14. The pulsed laser beam is preferably at a
blue-green occan water penetrating wavelength A or 8 duration Tise, Where Aise i3 532
nanometers (N} and T 18 approximately 10 nanoseconds (ns), for example. In the ccean
water, wavelengths in the blue-green region, such as 532 nm, have the most depth penetration and
usefil for sea mine detection. The incident laser beam at the ocean surface can generaie a

Rayleigh scattering return, 2 Raman scattering refurn and possibly a fluorescence scattering return

{30121 The Rayleigh scattering return is the result from a direct reflection of the incident pulsed
laser beam off the ocean surface and subsurface objects as well as from the ocean swrface itself
(glint). At an incident wavelength Ars, the Rayleigh scattering return from the water s the result

from the scattering within the ocean water volume itself.

{0813] The Raman scatiering return increases with the volume of ocean water illuminated by the
incident pulsed laserbeam.  The Raman scattering returm from the water is atf a wave number shift
of 3,000 to 3,700 em! {which corresponds to a wavelength range of 633 - 662 num for Awse = 532

nm}.

{3014} The fluorescence scattering return is generated by any fluorescent materials at or near the
ocean surface, which include algae, seaweed and oil slicks. The fluorescence scattering return
signals from the water are at wavelengths greater than Apser.  The Huorescence wavelength band

generally overlaps and extends beyond the Raman wavelength band.

{0815] Many types of lasers can be utilized to generate laser beams that result in Rayieigh,
Raman and fluorescence scatfering retums.  For example, UV lasers would be eve safe and the

detection operation can be conducted without causing any alarm.

3
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{6016] The various scattering retur signals from the ocean are collected by collection optics 18
having a camera lenses or telescope.  The output of collection optics 18 is sent to long-pass beam
splitter 81 having a cutoff wavelength oo o1 greater than Ause but less than the low end of the
Raman wavelength band Quemeir st 18 between 532 nm and 633 nm or Apse = 532 nm).  Long-
pass beam splitter sl separates the Rayleigh scattering vetumn signals from the Raman and
florescence return signals, and directs the Rayleigh scattering return signals to LIDAR channel

imager 17 via a bandpass filter £

{00171 Bandpass filter 1 is a narrow width bandpass filter contered at the laser {ransmitter
wavelength Ae. Bandpass filter f1 serves primarily as a solar rejection filter to assure that
nearly all the return signals entering LIDAR channel imager 17 are actually Rayleigh scattered
return signals caused by the pulsed laser beam from pulsed laser 12, LIDAR channel imager 17
is preferably a range gated intensified charged coupled device (CCDY) two~dimensional imaging
camera, The camera gating can be adfusted so that it exposes for a time Interval Aty beginning at
a delay time ta after a laser pulse has been emitted from pulsed laser 12, causing the camera o
expose from time ta to ta + A, The values tg and Ay are selected such that LIDAR channel
imager 17 only observes Rayleigh scatfering retom signals that occur at a specific range interval
from LIDAR channel imager 17, i.e,, from 1 meter to § meters below the ocean surface.

[0018] Collected light with wavelength greater than Aewes o s transmitted by long-pass beam
splifter 51 to short-pass beam splitter 52. Short-pass beam splitter s2 has a cutoff wavelength
Aeueit s that is immediately above the high end of the Raman wavelength band (duuwor 2 18 662
mm for Apse = 532 wn).  Short-pass beam splitter s2 separates the Raman retum signals and
florescence refurn signals, and directs the florescence return signals to high-pass filter £2 and the

Raman return signals to bandpass filter £3.

10019] Bandpass filter £3 is utilized to assure that only return signals in the Raman band
wavelengths are passed to Raman channel imager 16.  Bandpass filter £3 rejects any return signals
at wavelengths belween haser and the low end of the Raman wavelength band (e, between 532
mn and 633 nm for Mwe = 532 nm) that pass throngh long-pass beam splitter 2. In one
embodiment, Raman channel imager 16 is a gated, intensified CCD two-dimensional imaging
camera, which is gated to only expose during the time nterval g to tr + O, Here, the time
gating capabilities of the camera are used to Hmit the reflected sunlight signal entering Raman
channel imager 6. The bulk of the Raman retum signals are generated from the upper portion
of the ocean water column, for A = 532 nm nearly the entirve signal is generated by scattering
within the first five meters of the ocean water column.  Thus, 0r Akse = 332 nin, Raman imager
gating parameters tag and Am should be adjusted to receive Raman scatfering return signals from

the ocean surface to approximately five meters below the ocean surface.

4
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{60287 High-pass filter £2 is utilized to assure that return signals with wavelengths above the high
end of the Raman wavelength band (7.2, 662 num for Mg = 532 nm) only are passed to florescence
channel imager 18, Like Raman chamnel imager 16 and LIDAR channel imager 17, Horescence
channel imager 18 is a gated, intensified CCD two-dimensional imaging camera, for example.
Florescence channel imager 18 is gated to only expose during the time interval fgrio tar+ O, where
the time gating is used to limit the amount reflected sunlight entering florescence channel imager
18. The bukk of the florescence retum signals comes from the ocean surface to the first few
meters {for wavelengths > 662 nm, the majority of the signal originates from depths less than
about 3-3 meters). Unlike Rayleigh scattering and Raman scattoring return signals; however, the
fluorescence scattering refurn signals cannot be taken o be an instantaneous process; maximum
fluorescence lifetimes for the objects of interest can approach 100 ns.  For florescence channel
imager 1§, the exposer duration Atf should be set to correspond to this maximmn florescence
lifetime {(~100 ns), and the exposure starf time tar should be set to correspond the round trip time
of Hight frorn RFE-LIDAR systern 16 to the ocean surface.

08231 A complete RFI-LIDAR image set inchudes an image from each of Raman channel
tmager 16, LIDAR channel imager 17, and fluorescence channel fmager 18,  Each of the images
is generated from the same laser pulse, and the images are then stmoltancously co-registered.  The
LIDAR channel images objects in the water column by detecting the Rayleigh scattering refurn at
a depth interval specified by the gating parameters ta and Aa.  Both the Raman and Suorescence
channel images provide information on the ocean surface and near surface regions of the water
columyt; both channels block retums at the transmitter wavelength Mpsw.  The Raman and
fluorescence chanmel are therefore insensitive to the large glint return that can be problematic for
LIDAR 1mages of the ocean swrface. The RFILIDAR image set gonerated by RFLLIDAR
systemn 1§ provides simultaneous information on the ocean sub-surface, nesr surface and surface
environmonds by detecting the return signals from three distingt scattering mechanisms (fe,
Rayleigh, Raman and florescence scattering), all induced by the same laser pulse transmitied fom

pulsed laser 12,

168221 With reference now o Figure 2, there is depicted RFELLIDAR system 18 from Figure 1
being in operation.  As shown, RFL-LIDAR system: 18 can be mounted on a helicopter 28 that
can move relative o the ocean surface during operation. RFLLIDAR system 18 can adjost
pulsed laser §2 to use a wide divergence setting that can act as a search mode for scanning a larger
area2l, RFLLIDAR system 18 can also adjust pulsed laser 12 to use a narrow divergence setting
that can act as a target verification mode for scanning & smaller area 22, Candidate targets are
generated by the LIDAR detector, and these candidates queue the RFI component, which images
the target location and segregates target detections from gling false alarms, RFELIDAR system
18 can provide the large area coverage available in a LIDAR system with the high detection

5
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performance against surface/near surface {argets available with a RFI system while leveraging

pulsed laser 12 as g single comunon transmitier.

[0023] Although RFE-LIDAR system 18 is shown to be mounted on a helicopter in Figure 2, it
is undersicod by those skilled in the art that RFI-LIDAR system 18 can alse be mounted on other
types of aircraft and air vehicles such as vnmanned aerial vehicles, air ships, and blimp. As an
example, RFE-LIDAR system 16 is attached to a ship or barge, which may include an extension,
and used to scan the nearby surface for objects, harards and mines. As another example,
RFI-LIDAR system 10 s mounted to a fixed object such as a buoy or in a canal that can scan the

water as it passes the fixed object.

13834] The detection of objects in the ocean can be made by looking at the water Raman signal
{in the Raman channel) and estimating the amount of water depth the laser has penetrated before
hitting the object.  For example, if there is a floating object at the surface of water in the ocean,
the water Raman sigoal will become very small, showing only few mallimeters of depth due to
wetting of the object.  The significant drop in the water Raman signal relative to the background
will indicate the presence of a floating object in real time; the morphology of this Jow Raman
signal region will characterize the size and shape of the floating obiect. Similarly, submerged
obiects that are near the ocean surface can be detected by the sudden change in the water Raman
signal. The depth of the object can be estimated from the intensity of the water Raman signal,

[8825] The Buorescence channel provides a separate modality for detecting objects at or near the
ocean surface while at the same time providing interpretation for the observed signal in the Raman
channel. The laser pulse will induce a fluorescence scaltering retum from fluorescent objects
located at or near the ocean surface, and this fluorescence scattering retum can generate a signal
i both the Raman and Buorescence channels.  The observation of a uniform signal in the Raman
channel, and no signal in the fluorescence channel indicates the presence of un-occluded sea water,
The observation low Raman signal region in a uniform background and no signal in the
fluorescence channel indicate the presence of a non-fluorescent object at or near the ocean surface.
Finally, the observation of a signal in both the Raman and fluorescence channels indicated of the
presence of a fluorescent object at or near the swrface. The fluoresce signal can be utilized to
detect and map a wide variety floating objects such as algae, marine life, and oil slicks as well as
hiofouled debris.

{0628} The Raman and fluoresce channels also support analysis and interpretation of the imaging

LIDAR chamnnel. This is made possible by the fact that the RFELIDAR system of the present

disclosure generates a full image data set (Raman channel, fluorescence channel, and LIDAR

channel images) generated from the same laser pulse.  The resulting images are simultanesus and

can be tightly co-registered.  In the case where the LIDAR channel gate timing is configured such
8
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that the LIDAR system images a sub-surface depth interval, the Raman and fluoresce images
provide a simultaneous look at the sea surface environment divectly sbove. These data can be
utilized to identify presence of surface objects that may affect or occlude the subsurface LIDAR
image. With the sbove-mentioned configuration, the RFI-LIDAR systermn of the present
invention can simultaneously probe the ocean surface, near ocean surface, and sub surface regime

for the presence of sea mines and other objects of interest.

10027] The following examples iHustrate the sea mine {or object) detection improvements by
using RFI-LIDAR system 18, In the first example, LIDAR channel imager 17 of RFI-LIDAR
systermn 18 15 configured to image the Rayleigh scattering return from a surface and near-surface
depth interval. The generated LIDAR channel image should contain a large localized signal.
The interprefation of the LIDAR channel image alone is ambiguous because the return signals
could arise from ocean surface gling, ocean surface or near-surface sea mine or a non-mine foating
object. Image data from the Raman and fluorescence channels of RFI-LIDAR system 18 can

resolve the above-mentioned ambiguity as follows:

{0028} (1) The Raman channel image shows & uniform retum signal, the fluorescence channel
shows no signal above the background noise level, ie.,

a bright spot in the LIDAR image;

1o spot i the Raman tmage; and

1o spot in the fluorescence image.
These results indicate that no surface or near-surface object is present.  The signal in the LIDAR
channel is most likely due to surface glint and not a sea mine {or other target of interests).

188291 {2} The Raman channel image shows a localized region of sharp signal reduction
at an image location corresponding to the large signal in the LIDAR image, the fluorescence
chanmel image shows no signal above the background noise level, ie.,

bright spot in the LIDAR image;

very dark spot in the Raman image; and

no spot in the fluorescence image.
These results indicate the presence of a non-fluorescent surface object; shape and size analysis of
the localized feature in the Raman channel image can be emploved to determine if the surface

cbjeet is mine-like or non mine-like,

{0301 (3} Same observation as (2) with the exception that the Jocalized Raman signal
region only shows a moderate reduction in signal sirength relative to the background, i.e,
a bright spot in the LIDAR image;

a shightly dark spot in the Raman imape; and
7
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1o spot in the fluorescence image.
These results indicate the presence of a non-fluorescent near surface object; the depth of the object
can be estimated by analysis the reduction in the Raman signal level over the object relative to the
background. Again, shape and size analysis of the localized feature in Raman channel image can
be employed to determine if the near surface object is mine-like or non-nine-like.

18031} (4) The fluorescence channel image shows a localized region of sharp signal increase at
an image location corrssponding to the large signal in the LIDAR image, the Raman channel
image shows a corresponding region sharp signal increase in the same region, f.e.,

a bright spot in the LIDAR image;

a bright spot in the Raman image; and

a bright spot in the fluorescence image.
These results indicate the presence of @ fluorescent surface object; shape and size analysis of the
localized feature in fluorescence channel image can be employed to determine if the surface object
is mine-like or non mine-fike. The fluorescence channel image can also show the presence of
features such as oil slicks and algae patches which do not generaie a detectable signal in the
LIDAR channel.

[0032] LIDAR channel imager 17 of RFI-LIDAR system 10 can also be configured to image the
Rayleigh scaltering retum from a sub-surface depth interval, and excludes the return from the
surface level. In this mode of operation, the sub-surface depth interval is interrogated by the
LIDAR channe] while, simultaneously, the surface and vear-surface layers are interrogated by the
Raman and fluorescence channels. Sample resulis from this configuration are interpreted as

follows:

60331 (1) The LIDAR channel shows a localized region of signal level change relative to the
background and no corresponding signal in either the Raman or fuorescence chanpels, i.e.,

a bright or dark spot in the LIDAR image;

ne spot in the Raman image; and

no spot in the Hluorescence tmage.
These results indicate the presence of 2 sub-surface object with no correlated surface signal or
surface objects,  Shape and size analysis of the localized feature in the LIDAR channel image can

be employed to determine if the sub-surface object is mine-Hke or non mine-like.

{6034} {23 The LIDAR channel shows no localized signal, the fluorescence and/or Raman
channels show a localized signal {as described in cases (2), (3) or {4) of the previous example),
ie,

no bright or dark Spot in the LIDAR fmage;

a spot in the Raman image; and/or
g
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a bright spot in the flnorescence image.
These resulis indicate the presence of a surface near surface object, and no correlated subsurface
signal. Shape and size apalysis of the localized foature can be emploved to determine if the
surface objects is mine-like or non mine-like.

{8038] {3) The LIDAR channel shows g localized region of decreased signal with a
corresponding signal in either the fluorescence and/or Raman channels, ie.,

a dark spot in the LIDAR image;

a spot in the Raman image; and/or

a bright spot in the fluorescence image.
These results indicate the presence of a surface obiect, the signal in the LIDAR channel is most

tikely the result of the shadow cast by the surface object.

{80358] As has been described, the present disclosure provides an apparatus and method for
detecting objects soch as sea mines. The RFLLIDAR system of the present disclosure can
simultaneously search both the sub-surface and surface depth intervals for sea minss and other
objects of inferest.  Note tmportantly that additional capability provided by the Raman and
fluorescence imaging channels does not require the portioning or otherwise weakening of the
Rayleigh scattering return signal availsble to the LIDAR channel. The RFL-LIDAR system of
the present disclosure can provide an improved probability of detection and decreased probability
of false alarms when detocting sea mine targets and other navigation hareards.

{88371 While the invention has been particularly shown and described with reference to a
preferred embodiment, it will be understood by those skilled in the art that various changes in

form and detail may be made therein without departing from the spirit and scope of the invention.
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CLAIMS
What is clatmed is:
1. An apparatus for detecting sea objects, said apparatus comprising:

a laser for divecting a laser pulse towards an ocean surface;

a collection optics for collecting Rayleigh, Raman and florescence scattering return sigoals
caused by said laser pulse striking said ocean surface and said objects therein;

a Laser Imaging, Detection and Ranging (LIDAR) channel imager;

a Raman channel imager;

a Horescence channel tmager;

a long-pass beam splitter for directing said Ravieigh scattering return signals o said
LIDAR channel imager; and

a short-pass beam splitter for directing said Raman scaitering return signals fo said Raman
channel fmager, and for directing said florescence scattering retwrn signals fo said

florescence channel imager.

2. The apparatus of Claim 1, wherein said apparatus further includes a beam expander

coupled to said laser.

3. The apparatus of Claim 2, wherein said apparatiss includes a folding mirror coupled to sawd

beam expander.

4, The apparatus of Claim {, wherein said long-pass beam sphitter has a cutoff wavelength
Aeueoit 51 greater than a wavelength Apse of said laser, but less than the low end of 8 Raman

wavelength band.

5. The apparatus of Claim 1, wherein said short-pass beam splitier has a cutoff wavelength

Aeutoft 52 immediately above the high end of a Raman wavelongth band.

8. The apparatus of Claim 1, wherein said apparatus firther includes a first bandpass filter
coupled to said LIDAR channel imager, wherein said first bandpass filter has its bandwidth

centered at a wavelength haser 0f s21d laser.

e

The apparatos of Claim 1, wherein said apparstus firther includes a second bandpass
filter coupled to said Raman channel imager, wherein said second bandpass filier rejects any retura
signals at wavelengths between Auwse and the low end of a Raman wavelength band.

10
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8. The apparatus of Claim 1, wherein said apparatus further includes a high-pass filter
coupled to said fluorescence channel imager, wherein said high-pass filter is configured fo assure
that only retumn signals having wavelengths above the high end of 2 Raman wavelength band are

passed to said florescence channel imager.

9. The apparatus of Claim 1, wherein said LIDAR channel fmager is a two-dimensional
imaging camera set 1o expose for a time interval A, beginning at a delay thine ty. afler said laser
pulse has been emitted from said laser, causing said camera to expose from time g to far + Ag.

10, The apparatus of Claim 9, wherein said delay times ty and Aq ave selected such that said
LIDAR charmel tmager only observes Rayleigh scattering retum signals that occur at a specific

range interval from said LIDAR channel imager.

11,  The apparatus of Claim 1, wherein said Raman channel imager i3 a two-dimensional
imaging camera set o only expose during the time interval tag 10 tar + L, wherein said

tar 1s a delay time after said laser pulse has been emitted from said laser.

12, The apparatus of Claim 1, wherein said florescence channel imager is a two-dimensional
imaging camera set fo only expose during the tme interval tor to ter + A In order to limit the

amount reflected sunlight entering said florescence channel imager.

13, A method for detecting sea objects, said method comprising:
sending a set of laser pulses towards an ocean surface;
collecting Rayleigh, Raman and florescence scattering retum signals caused by said laser
pulses striking said ccean surface and any objects theretn;
directing said Rayleigh scattering return signals to a Laser Imaging, Detection and
Ranging {LIDAR] channel tmager;
directing said Raman scatiering return signals to 8 Raman chaanel treager;
directing said florescence scaitering retum signals o a florecence channel imager; and
ascertaining the presence of a sea object based on tmages from at least one of said LIDAR

fmager, said Raman channel imager and florescence channel imager.
4.  The method of Claim 13, wherein said directing said Rayleigh scattering return signals

further inchsdes directing said Ravleigh scattering return signals to said LIDAR chamnel imager

via a long-pass beam splitter.

11
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15, The method of Claim 13, wherein directing said Raman scattering return signals and said
florescence scattering return signals further includes divecting said Raman scaitering retutn signals
to said Raman channel imager and directing sald florescence scatering return signals  said

florescence channel imager via a shori-pass beam splitter.

16, The method of Claim 13, wherein said ascertaining further includes ascerfaining the

presence of a sea mine based on presence and absence of spots on said images.
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