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BACKGROUND OF THE INVENTION

As described in U.S. Patent 6,603,134 issued to Norman R. Wild and Paul M.
Leavey, Jr. on August 5, 2003, assigned to the assignee hereof and incorporated herein
by reference, a system for detecting target threats is described in which a high-energy
laser is scanned across an area on the ground and retroreflections from the human eye
or the focal plane associated with an optical system are detected, thus to give an
indication of the presence of the target within the scanned field. |

As described in the Wild patent, Wild et al. were the first to discover that any
kind of focusing device in combination with a surface exhibiting any degree of
reflectivity and positioned near the focal plane of the device acts as a retroreflector.
This applies not only to the human eye, but to any optical system used by a threat or
target. A typical, though not exclusive list of examples includes night vision goggles,

telescopic sights of any kind, ordinance-aiming devices using optics, tracking sensors
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looking for retroreflections is at best problematical.

What makes such a system more problematical is the fact that most optical
designers tilt the focal plane associated with the optical system with respect to the
optical axis or boresight of the system. This can be done for a number of reasons.
However, since the development of the Wild et al. optical detection system, there are
those who have sought to thwart the system by tilting the focal plane such that
incoming radiation from a search laser is directed off the optical axis and is not
retroreflected out along the optical axis. Thus even a large number of laser sweeps can

fail to detect a target of interest if such angled focal planes are employed.



retroreflected out along the optical axis. Thus even a
| arge nunber of |aser sweeps can fail to detect a

wo 200908200f i nterest if such angled focal planeBCEUS§2005/005991
enpl oyed. It is noted that the focal plane need not be
angl ed by a great anmount in order for there to be no
retroreflection or specular reflection out of the
OPti Cgf %Rk Rl thEHeal FhiR 7R G l?e.ran%féﬁ h)%gréaparhéudyﬁﬁ&der for
herein to refer that e reflection 1s”in accordance

. I S o oL

o Bt o PR FSPAR s Sin By EEY i S
reflection. T | i
V\%)g%lﬁar reffiltion E]sulfsaé Iﬂgllél% %g?fgg @ggth? T g%ﬁ&} %r}\l}\%?%q%&)aﬁlge with the

er one cou even ar ge

ecular.reflection reached the [nterrogating.laser.
SR Rk 6ot e DREERGh 2Pt T BB iR Eauats e
relkfz %fon retroreflection, also suffers fromthe
pP8H BHA2™ t he optical axis of the target optic
usual Iy is not pointed i.n the direction J t he :
i nt er rdyafierhasPeen 2 QEEAP GhienVieier o5f &‘é’? fuegdletect a target in
scanni ng optics, the retrorefl ected or specularly
r whick pe eRsclpragplisrtipe reaghed the infeegrting 1astfe i nt err ogat i ng
| aser nore than nonentarily, for instance, |less than
1% of Asneentioned abpygcthe Wild et adi sygemnwhich relies ypepy refyoreflection,
systemto scan a given area on the ground, the _
peshausfers frgmghe @@%kegt thatythe eprical axjseefithe ftargetfqpsie sty ig not
exceedingly | ow due to the small anount of tinme that
tmntcchifgg@ diggstipe of thedntprsogating)lager. tHyen wher the deyaetiusep scanning
| aser. More particularly, there are several factors
t opgics,nthg  tetroeeflpeted eont spgculindy wibldestadr erpigyude not rewened to the
techni ques di scovered by WIld et al. in active search
aippkiogaingdagr nhare sheohmawentardly s Garig$tarsy.sleemthan d % af ghe time.
pul se is scanned across a given area, usually from an
aThusy avhén osin® ab heti\gr @arct, systerd to estaroa rgefehenea om thef grotred, the
type described in the Wld et al. patent is detected,
t prebability bedaedting gudhhespetdaerflectioh isexseddinply biw duvetmthe small
threat or non-cooperative target.
amount of time that the target optics are pointed at the interrogating laser.

More particularly, there are several factors that may have prevented the
widespread use of the techniques discovered by Wild et al. in active search
applications. In such active search systems, a laser pulse is scanned across a given
area, usually from an aircraft onto the ground, and retro-reflection of the type described
in the Wild et al. patent is detected, thereby revealing the presence of a potential enemy
threat or non-cooperative target.

It is noted that Wild et al. focused on a particular subset of optical systems, and
by doing so, made implicit assumptions about the nature of the retro-reflections being
produced by their technique. Specifically, they describe providing persistent, high-

amplitude returns. Persistence refers to the fact that the return is always produced
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The second effect is the low probability of observing specular returns from
scanner devices like line arrays, reticles and rosettes. As mentioned above, a Wild et al.
system relies upon on persistent specular returns. Since scanning systems have a low
temporal duty cycle, their returns are intermittent, providing large returns only
momentarily during each scan pattern. Thus when using an active search system to
scan a given patch of ground, the detection probability is low indeed due to the small
amount of time that the target optics and interrogating laser are mutually co-aligned.
Those familiar with analogous radar systems will recognize this effect as the scan-on-

scan problem.
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difference between ground and tracking sensor returns.

These circumstances have led to the failure of previous active search systems
intended to find passive tracking sensors. Furthermore, they have limited systems in
development to using passive means such as missile launch detection to perform the
initial acquisition. There is therefore a need for an improved active sensor and a method
for its use that provides a solution to the problems of the prior art.

SUMMARY OF INVENTION

The present invention comprises two elements. The first is an alternative
detection method that mitigates the problems encountered by the prior art. The second
element is a method of constructing a search receiver that accommodates the first

element.
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any of the factors detailed above. When one relies on specular optically augmented
returns, by contrast, an inordinate number of sweeps are required in order to guarantee
a detection. The trade of return amplitude versus sweep time tips heavily in the favor
of a non-specular strategy.

One might be tempted to detect the non-specular returns using standard detector
electronics, assuming integrating focal plane detectors could be made sensitive enough.
However, the integration times required for sufficient signal would also admit photons
that are the result of back-scatter from the surface of the earth, thus completely
obscuring the non-specular returns from the target optics. Thus, efforts to increase
sensitivity of a standard array to the point of being able to detect non-specular returns

fail because the non-specular returns are swamped by clutter returns.
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the ground will come back ahead of the return from a further portion of the ground due
to the finite speed of light and the slight difference between the two round trip paths.
Thus, the energy returned from an illuminated area on the groﬁnd has a relatively wide
pulse width as compared to the original outgoing pulse.

On the other hand, when the same pulse illuminates a target optic, it generates a
return that retains the original pulse width, and it does not experience temporal
stretching. Photons coming from thé target optical system are not spread out because
they all travel the same path length. They therefore all arrive back at the sensor at one
time, e.g., within the pulse width of the laser.

It will also be appreciated that it is precisely this temporal difference between

the returns that permits discrimination between targets and clutter. Since the returns
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Typically, lasers employed in such target—see;king acquisition modes have
outputs on the order of watts. With the subject direct-reading thresholded detector
array, one can trade off the number of sweeps with the laser power such that, for
instance, with four or five sweeps one could reduce the laser power by half and still
obtain the same probability of intercept or detection of a target’s optic.

In summary, it has been found that target optics produce non-specular
augmented optical returns when interrogated by a laser pulse. This non-specular
returned radiation is detected by an active laser search system employing a direct-
reading, thresholded focal plane detector to be able to detect non-cooperating targets

having optics that employ a focal plane. This is accomplished by setting the threshold
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i mseh friomnannpverflyieg diedrafe areusmgpt sreso dn iareago ptectt theatswihblying
a Detailed Description, in conjunction with the

Dhawwie <, digft-igidinghthreshold focal plane array to detect non-specular responses

from threat optics;

Figure 2 is a diagrammatic illustration of specular and non-specular reflections
from a surface at normal and non-normal incidence;

Figure 3 is a diagrammatic illustration depicting three effects of tilting the
detector at the focal plane of an optic, namely the optical augmentation of non-specular
scatter, the suppression of the primary specular return, and the diminished amplitude of
the return pulse;

Figure 4 is a graph showing the difference in intensity of returns reaching the
search receiver from ground clutter that are stretched out over time, versus the non-
specular returns from the focal plane of threat optics, illustrating that the ground clutter

can be eliminated by thresholding;



Figure 1 is a diagrammatic illustration of an active
search systemin which | aser pulses froman overflying
W@2006/0g027 are swept across an area to detect tIIEBES®)5/005991

showi ng the use of a direct-reading threshold foca
pl ane array to detect non-specul ar responses from
t hr eat optics Figure 2 is a diagrammatic illustration

of s pqif &5 1@5‘&'13?(991&9@ Akdk@tioh %ff lt}ﬁ:qelegﬂﬁl lg)r M1@raft of30ff-axxs

surface at nornm non- norna i nci dence; Fi gure
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I1ting t etector at t oca ane o

g A tlt’t gp@\?ﬁ t)é{t rgllﬂgmg) o)} tfliﬁ @ﬂe 1?1%?@&%5\%69@&% aPcP{%'oﬁﬁ{ec ul ar

e suppreSS|on 0 nary

=

retur ri:’l gur X sA:heme{p thalgra %hmaa}ﬁ: of o% 8 ?ﬁl of atd%r S gq’ocal plane

pul se; oW ng erenc

intensit % returns 2 sea

TNt 8’%{% %Pa{“f?éf“ PR G, B atebfis3Ek 0upEBY It oo of £y

versgﬁ %r returns fron1the focal plane of
5%? TW?PFH& RAF Ve ground clutter

can b eI|n1nated by thr, sholdln dﬁ

di agr S i/ ARt gTusgAtion & Piseraiels regf resgout of a focal

aircraft of off-axis returns from scanning threat

otnec &aneR  PRiSh athe caEayt 19 jPEQVIdndt $ithe dirges reading circuitry and

i nstant aneous field of view (I FoV), but remains within

theesholdiggr optical field of regard (FoR); Figure 6 is

a schematic di agrammatic_of onefplxel of di rect )

r eadi figwre 84 a dlagragmatic alustrafeneiiibe fqa@roma?fr?ewwl rof el dipplay

the threshold is set, followed by the use of a del ay

aofdrignraANDugeatiag therdemmbiplesingaf re\epiic qohnnsfof ghe asiay of Figure

Figure 7 is a diagrammatic illustration of the

parallel direct readout of a focal plane array in

which the array is provided with direct reading

ci r cuiHigure &nsla ghapb o optitiahgross-section of a scanner system with moderate

duty cycle versus the probability of exceedance (PoE) of a threshold, illustrating that

for retro-reflected or specular reflections for which the optical cross-section is

maximum, over 1,000, the probability of exceedance of the threshold is close to zero,

whereas for non-specular returns where the optical cross-section falls to one-tenth of

that, the probability of threshold exceedance is greater than 80%;

Figure 10 is a histogram depicting the degraded effects of atmospheric
turbulence upon return amplitudes, graphing apparent optical cross-section against
probability of exceedance for a threshold, and illustrating that under the most turbulent
air conditions there is substantial attenuation, with the degradation being more severe
for specular than non-specular returns; and,

Figure 11 is a graph showing the number of looks required or the number of

sweeps over a given area of ground to make sure that there are no hostile threats, with
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Figure 8 is a diagrammatic illustration of the
read-out of a pixel of the display of Figure 7,

wo bdoassoat i ng the denul tipl exi ng of rows and cPCTIDE®OB605991
the array of Figure 7; Figure 9 is a graph of optica
cross-section of a scanner systemw th noderate duty
cycle versus the probability of exceedance (PoE) of a

t ieeshp thdichlind! it AtdnBAodiRabr ERk11er QiHpRrute frdB&E @8kt Yecur more
specul ar reflections for which the opti cal
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of exceedance of the threshold is close'to zero,

V\Iﬁ}ﬁéﬁaﬁthfﬁgi%%%ﬁ%&ar returns where the optical
cross-section falls to one-tenth of that, the

probability of threshold exceedance is greater than
80% Figure 10 is a histogram depicting the degraded

ef fects of atnDSpherﬁﬁT&ﬁﬁﬁY@ﬁgégpﬂﬁQﬂ return

anpl i tudes, graphin Cross-section

agai ns robabiljty of .exceeda or a thregshol d, .and

i 'l ust fr{%l?fnr? g I}%r"]vaiol %ﬁlgg i #hé "ﬁ%ﬂtﬁﬁt fﬁ}fl% fneﬁ'f’ dg’ie?tlon indicaied by

condi t.iong there is substantial atfenuation i.th the
a8 AR PRI ToFEve STReIPGR LEBatpur Indie active System

non-specul af returns; and, Figure 11 is a graph
S RO D SRS BiBied P e ped B alopg tesiinmg 45, 29rand 22
sweeps over a give rea of ground to make sure that
¢ ANTEn 47e8 160 Poseriched (Hste ﬁieélgﬁwﬂwwlsgf Hhillopinageareanp are
that if one | ooks for smaller anplitude returns that
odengted Ry Etegence gharpgier Fanlt d g Puiposcaf theser sgannsd faser pyses to
| ooks necessary to assure that there is no threat _
wWeVERPrTeR 1§ g @ricasengblerfing eoxthatrsme gpn fgteqbtisamesergecyy the optics 24
Referring now to Figure 1, an aircraft 12 flying in
t Hat cpmpany grihregfprdnaneedl8dgcaiadrapdp-14 and possessi ng an
active search system 10 is shown. In this active
syst enfhrathregiis carsederqd ip have treat eptisp écfor dnstancen adersrin axrolved
pattern along the directions 18, 20 and 22
and there is something behind the lens at its focal plane. This could be, night vision
goggles worn by an individual 30, or it could be any kind of telescopic sight used for
aiming and or firing ordnance 28 at aircraft 12.

It is the purpose of system 10 to project a narrow pulse 32 towards area 16 and
to detect return pulses 34 that are reflected by the optics 24 of a threat so that its
presence and location can be ascertained. Note that it is important to be able to sweep a
given area 16 as quickly as poséibly and to determine in a small number of scans of the
area whether or not a threat exists. This is particularly true if aircraft 12 is traveling at
a high rate of speed and therefore encountering new search areas very rapidly.

In order to detect returns, a passive receiver 40 is located on aircraft 12 and

includes, inter alia, a lens 42 behind which is a direct-reading thresholded focal plane

array 44. This sensor typically has a wide-angle field of view or moves to follow the
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over an area 16 to be searched. Here the narrow | aser
pul ses that illumnate area 16 are denoted by

wo edosogaee character 32. It is the purpose of PEEES2005/005991
scanned | aser pulses to sweep area 16 in a reasonabl e
time so that one can detect the presence of the optics
24 that acconpany a threat ordnance 28 | ocated at 26.

Th&ardhh¥e8tthlofigh RO R ShRSh. t@hef@ev&u&h e &hoBRbI GR alnfay if Qf by a
instance, a lens is involved and there is sonething
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and I ring or dnance at alrcra

g&g&g 1&%¢E¥§%§ yn 10 to prOJect a narrow pul se 32

area and to detect return pul ses 34 that

are r eﬂl? % dc%flgty f Iz;lr? e\%% | CSeszflllfo(l)'rfnattal1 alt nggl?rte?\l@?a es; zﬁltgtspl)c%n?e by

presence an ocatli on Can e ascer
[ t b b 6
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of scans o ether or not a threat. exists

OHeedS E peeed Lﬁtgi% > PHGHALE froie, B trdbe 1SR tner B Sdpss i

at a high rat d and therefore encount eri ng new

sgzﬂswda?te‘agt g‘é S Prfgvbf e WO |imesiRaR! peprigg o8 diner oft St!#brﬁs This
passive receiver 40 is |located on aircraft 12 and

i ﬁ‘?ﬂ“ﬁ?&%@‘ capability. alepg, with ifepmatian spjped frem fpgther interrogation of the

direct-readi ng threshol ded focal plane array 44. This

S BRIy is 1§59 te APTMpIe & respoise &6 dhiie domm ef ¢ coymtdpmeagursy If aircraft

noves to foll ow thesearch beamthrough its scan

pa? fepyNg FiRmmert Bat ¢aprpe simed plong) theopath Hetgrminedahy prit St then

by a nodule 46, and its output is coupled to a

pﬁmmwumgadlmrsfrmwut%mn tbierdieptgd @long itheepasly determined by

i ndi cates a detecti on event whenever the radi ation

f ImSthte thgepreatr eblones genecadlyd sny 1pspedsst en ntheresgectrum  between

threshold. This indication of an event carries

i mdffermcé and donpterapackaiapbt formslawd aedpeasted.by ai rcraft

12. Specifically, the delay between the outgoing pul se

and t hRefering vew of Figoee 2, a number of different reflection geometries or

configurations are illustrated. More precisely, the reflection off of normal or
perpendicular surfaces is compared to oblique rcﬂections. These two geometﬁes are
depicted respectively at 62 and 64, while the corresponding plots 66 and 68 on the right
convey the amplitude of the return as a function of angle.

When photons 70 are incident upon a perpendicular surface 72, the reflected
energy is back scattered in all directions as illustrated by the arrows 74. Arrow 74’ is
much longer than the rest in an attempt to capture the notion that this specular
reflection 76 is much larger than all of the other non-specular or off-axis components

78.
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return is processed at 52 to calculate range to

target, while the pixel address is translated at unit
w®2005080eDVi de a two di nensi onal bearing or | iPer/v§2005/005991

sight. This geol ocation capability, along with

information gained fromfurther interrogation of the

optics, is used to fornulate a response 56 in the form

of a cauph 8HMRISHHRon hbpthdLsd] funthod Sf AMBiork &MR noti

t hat cathe ainé%kalbngpthe patﬁnﬁetern¥%%d Ey uni t notion

54t urg.f adi-atd 0 anit 126, ¢
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t hr . } . nyr. r n r

perinding HefPEARE Sunie §7V! RIRGDAR, clenle SR B A more

nEIBRHRET PP SRR e o RaRSrk il r e ke o

configurations are illustrated. Mre precisely, the

r &A%t on of f of normal or per pendi cul ar surfaces is

conpared. to oblique reflectiops. These two geonetrie
o6 ekl B TPup Bl hatoBRGie hiF, Bt b iFface 88
correspaonding plots 66 and 68 on the right conyey the
afrpm; 4 difterepf %{‘ﬂ%%betw realsfrﬁfﬂ‘if‘flf"b H“B% a?ﬁé'le%?éivﬂ% jpecular
photons 70 are incident upon a perpendicul ar surface =
790mpanent By b whish isthe daggest singhis ieases heweyee dhe spegylgr direction is
directions as illustrated by the arrows 74. Arrow 74
i 8ffsay &k ap gngle P4 A brhepnegis tojthe wautangle - Comespendipgly, the
the notion that this specular reflection 76 is mnuch
| saflgetion:amphituge |graph 96 frcaligred & reflest tip behavigr. or of f- axi s
conmponents 78. Graph 80 of reflection anplitude as a
f unct i One gén gerytheser gomfetries eapplied & apficabpystamsnPpand 95° being
di fferent perspective. The main specul ar peak 82 is
milbimita¢d ey seatah hasertpulse96: lhash pydses e -fequeasi Byaptind, depicted here
84. Inreality this difference can be even nore
prosingle tasks 9B ynd PYeomo dicirmespadtiva decal panesio8 and PRis tAt ditig point,
on this scale for the sake of clarity.

light is reflected back as described in Figure 2, with the size and length of each arrow

99 conveying the strength of the return in that particular direction. In both cases, all of
the reflected energy that finds its way back to lens 97 or 97’ will be collimated into a
beam, and sent back to the search system. ﬂis collimation happens regardless of
whether a specific ray is specular or not because they all originate at the strike point of
the focal plane 98 and 98’. By virtue of what a lens is and does, all rays 99 originating
at the focal point emerge from the lens parallel to each other.

The difference rests in the fact that the oblique system produces wavefronts 100
that are much smaller than their normal counterparts 101. The normal or specular case
acts in accordance with the Wild et al. patent mentioned above, whereas the smaller,
oblique returns are those that have been found to be detectable. If a system looking for

the specular returns described by Wild et. al., encounters the off-axis wavefronts 100, it
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Referring now to Figure 3, in the oblique case,

photons 86 strike the surface 88 froma different
w@ogses®07 Again there is reflection into all BEMUS®05/005991

92, the specul ar conponent 92' of which is the

| argest. In this case, however, the specular direction

is offset by an angle 94 equal but opposite to the

i np angl ' r ' Lefilbegt |

ot 89 s e B0 LEP RIAS Mk, bPRg 6P P suongest

behavi or . can t he ,ries applied to
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d iCcs

| 96, | are f _
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In both cases, all of the reflected energy that finds,
i 2 cuis | Hadeking g rathes smaaredsputgpvelgpe; |R68gn§:%?rpitmeé@sti Roftipn of
a beam and sent back to the search system_ This
c g seaishaesa, fonpERee HPgHE dV% sEivsfat propariof of tiglsewhgrpas returns
ray is specular or not because they all originate at
t Heoms the ffieehegi ot op thetiHemingied peapthama fo@pER RO latepys illustrated
virtue of what a lens is and does, all rays 99
orat {0 dnibagyean thereds f gertinupiof graung elyterfremsivhese amplitudes, as
paral l el to each other. The difference rests in the
f @en be keah fiohecunts 10juare dplowendetect dutheeshold 186 thap isssetlfficiently
that are nmuch smaller than their normal counterparts
1(0dgh. The normal or specul ar case acts in accordance
with the Wild et al. patent nentioned above, whereas
t he snihisas starklzongase tar the mrspensad €0 fromstergthattich avehible elh of the
found to be detectable. If a system |l ooking for the
S photoh@srrive htthe santtetmeé aikhbnby thé¥el idl netspreading. Bvety pindter i this
the off-axis wavefronts 100, itcould likely mss the
detiast kpRlshe sinte Hidakcephind tigrefidre tiwnfengn t100 tihgo baater than the
that the strongest part of return 99 do not nake it
basilithaut obthe bAgiRal¥Barch plRef WOr i ng now to Figure 4, an
intensity-versus-time graph of return anplitudes

The practical benefit of this can be illustrated in conjunction with Figure 5.

Here an aircraft 115 is flying over threat-optics 116 of a scanning optical system whose
field of regard is bounded by the large cone 117. At the instant depicted, aircraft 115 is
within the field of regard depicted by cone 117, but not within the instantaneous field of
view 118 of the optics that are presently looking elsewhere. The search system on the
aircraft 115 illuminates threat optics 116 along path 120 and receives a return 119 that
is several orders of magnitude down from its peak value because the instantaneous field
of view is not pointed back at the aircraft.

If the search system were designed to only be capable of seeing peak specular

returns, it would have to wait until the were within the instantaneous field of view in
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reveal s how refl ections fromsearch | aser pul ses 100
can be differentiated based on their tenporal

W@ basagioer i stics. Photons com ng back from gr oRemus2005/005991
clutter as illustrated at curve 101 define a rather
smear ed- out envel ope. Returns fromthe nearest portion
of the search area, for inst ance-at point 102, arrive
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il ated se€arc
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E e A e fop FOE BRI ATHRE (R AP haching Sk of

sanme distance, and therefore the return 110 is no

bieerdias trepstasraridiyagthey Panetrale new@ITRaFYi nal  sear ch

pul se 100. The practical benefit of this can be

i | | ustRefersigs tnFigersjouybatiis Fhoxntin om bypg ef threshqldiag gifpuit that can
aircraft 115 is flying over threat optics 116 of a _
sbasAipiyed pr i & dircayeadog, {Qee)splang array der thegpyrgoses of detecting
bounded by the | arge cone 117. At the instant
dexgieatebdshogti pubsesif As £albb¢ seepi 2 photo tdinde {13 & [thpt derms @grixel on the
depi cted by cone 117, but not within the instantaneous

f afieteshepfioneil edirett:Badifg tfbgal @ osray hiatcogpled hregginen \RC circuit
| ooki ng el sewhere. The search systemon the aircraft
1ddmpdsédiofi capsaiter 138 sultresigbr £33 016 ispuwigo pha WiffeRMtialanplifier
receives a return 119 that is several orders of
midmihbifdancotmeshold nirduis 40e ke viaksheldfecthissirctihi set by signal on
i nstant aneous field of viewis not pointed back at the
alinecr42fand ptdvideboutpwar t44. syst em wer e designed to only

be capabl e of seeing peak specular returns, it would
have tOutpadih thefoinh of Hipulvesrdateh hthida ifdicatdsnisdt aldtBEMUESent has

field of view inorder to get an appreciable return.
Th&uibdo Gle HiX8! € thid @URVALSuffiliynt Wukibe oOphotdnS habditedactied the
photo detector in a sufficiently short amount of time such that its output exceeds the
threshold and reliably reports an event. With this threshold set relatively high, ground
returns do not exceed the threshold and are therefore ignored or rejected.
Moreover, while an RC circuit might be used at the output of threshold circuit
140 in order to filter out long-lasting returns from a stretched-out pulse due to ground
clutter, in one embodiment the output of threshold circuit 140 is coupled to one input
146 of a NAND gate 148 having as its other input a delayed signal 150 provided by a

delay circuit 152. This delays output signal 144 from threshold circuit 140 by, for

instance, one nanosecond.
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di scrimnation technique, can be nmade sensitive enough

to operate in the | ow anplitude, non-specul ar regi ne
wale@soswelr in Figure 5. Such enhanced sensiti vi PGT/DBANS005991

the subject systemw Il find targets nore quickly and

require less power to do so. This is a critica

advantage for fast noving aircraft facing the daunting

SChedUfuengsﬁlaéKhafthéi?s,%s&lngafw&%% iPehe’ ARY AN @y output a

they penetrate new afrspace. Referring to Figure

h
%&a&) 12%2&9?8@116&6@ fsgﬂﬁlagé(rp 6n ‘&Ete&B{ &%pé)ﬂ S (f'(i) rrﬁ)u}nBret ttﬂﬁ’lli one

e I'rect-readi ng roca ane array
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el Gpflied 6 ”?Pglug 50 NANIT el 98U il Fi8enPhrR Ren Bh Vo

1w§ ﬁg resi stor 134 to an input 136 of a differentia
1% ¥i*er 138 that forms a threshold circuit 140. The

t hreshol d for th| circuit iIs et b na

142 > rSirng perk o Bigtis b on e 10U g8 oo et ool gy rovs
ulse or latch at 144 indicates that. a detection
ndrcplurppscifdy @gh SO REME %e'ﬁle Ty BFiPg readeut gn parallel by a

suff|C|ent nunber of photons have reached the photo

deifesEreadoyt pysiemy uH?rF’cq“é’fF‘Ptyl 68 propdicapdifrit Pagicular ﬁ@ns?,n:ﬁhe array

that its output exceeds the threshold and reliably

r@b@wgasml@%meswmlﬁf% hasibsen ¢xceedpdl d set rel atively

hi gh, ground returns do not exceed the threshold and
are t hay endiesesny A peat efcupsat aade b0 Wisndhs predetopined thygshold
RC circuit m ght be used at the output of threshold
chaschgen exicgerieiln Ip prkescenasiof jt| was foundithatsygng aryt ¢nggframe in which
returns froma stretched-out pulse due to ground
chllof dire, SObYEHRD detbasoris nimrthe ey ogtepread ofut,tdnle oholelgment was
circuit 140 is coupled to one input 146 of a NAND gate
1i8ichad ian drawisg ihad antelent. | Thst whiledtke ayrey mdygbratead $0t virtually
provided by a delay circuit 152. This del ays out put
ssimnhdneddsly far athpixetse steoly givenntime therd 4611 by onfyame event indicated.
This means that one can use a direct readout of all elements of the array to detect even a
low cross-section target such as that presented by non-specular returns.

Put another way, rather than periodically sampling and storing all of the pixels
on the array, the array can be read out directly, with all the pixels of the array being
read out in parallel. Instead of looking at each pixel and assessing whether or not there
has been a detection, as is done with typical focal plane sensors, one can simply query
the row and column registers that directly indicate which pixel has lit up. The
likelihood that more than one crossover point of the array will indicate a detected target

can be made exceedingly low. Thus, the probability that an indication from a particular

threshold circuit is valid is close to 99%.
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i nstance, one nanosecond. The result is that the

particul ar pixel elenment in the array will only output
w@2®sgsmbk7 144 when there is radiation on det ecP@r/USBQ5/005991

that exists for no nore than one nanosecond or

what ever the interrogating pulse length is. If it
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pedjacrail piaels.yIt samrelative]y ammplesmaiter tyypravide e INANR gpie gletoture fn the
the array, the array can be read out directly, with
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assapsitadgs Wieg hemglerevennt t here has been a detection
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| iafthdt Bigcutlet-figdd mBsiRs linkd ndWebee OB eIt itindy e ©fiabljnased in a
array will indicate a detected target

wide-angle receiver for detecting any type of threat optics when sweeping an area.

Since it has been found that by irradiating a threat optic, one does generate non-
specular returns and that the returns come out at wide angles, one can increase the
probability that one can detect a threat optic if there is one in the search field.

Referring now to Figure 9, what is shown is a typical moderate duty cycle
optical histogram in which optical cross-section is graphed against the probability of
exceedance for a threshold. Note that the optical cross-section is a measure of the
return in units of square meters per steradian (m?/sr). Also note that the return from a
threat optic is directly proportional to its optical cross-section. In other words, Figure 9
indicates the probability that a single instantaneous measurement will exceed some

amplitude. Here the optical cross-section for a specularly reflected return 180 has a

17



can be nmade exceedingly low Thus, the probability
that an indication froma particular threshold circuit

WO 3008@83027 i s cl ose to 99% Referring now to Fi geeBUS2005/005991
since the output of a particular NAND gate is
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denmul ti plexing units 170 and 172 are used either
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adj acent pixels. It is arelatively sinple matter to
provi déhey impliqesiepabere ¢ thpt tifipre Fan irtRdligrafhy (tearg thex gptical cross-
such that, if there are occurrences at adjacent

detation design paiyof aisystenbin orderde pncegasithe §kddidpedyofa whyagy| Eherein
event. Wiile the direct reading focal plane array was
oflieg) theairbmpisel @ ihgnwbjettoinvention.a dhpreshas shesnscd dhat fcanp detect a non-
m ssiles, it has now been found that it may be

r specalat yespmwe twaordersiotimagmlde belew ehevpmak valne,dwt eat dnagatically
any type of threat optics when sweeping an area. Since

| incnaase the @robhbilitycbftelRededdmge forracsingld ¢vegt ta ovér 806k Apwilt be seen
one does generate nonspecul ar returns and that the

I éergfnagierc Gpaloingt scatonpvivibalddghrease thensunttan of nsee sches bheweeps
probability that one can detect a threat optic if

t h&juered ® M€ aidivehhesasearch field. Referring now to

Figure 9, what is shown is a typical noderate duty

cycl e pighteCd ckpanllo @paTFigireDibghinbipdra@lg SHRSShesie Cleas like
I's graphed against the probability of exceedance for a

t hk8BRlehndNRLRilThiG ad PRIRRUI Al vaSEcIEA 0P hehiS nibdels. It

nmeasure of the

begins to address the fact that, for instance, over kilometers, the apparent strength of
the return is modulated by scintillation in the atmosphere. The value of sigma in the
legend is the measure of the power log normal distributed return amplitude variation
due to turbulence along the two-way line of sight. Its effect is to reduce the already-
low probability of exceedance of high optical cross-section values. Turbulence tends to
saturate, so the Sigma of | is about as strong as this effect can become.

Under such turbulence, the apparent optical cross-section is reduced, and so to
is the corresponding probability of exceedance. The critical observation, however, is
that this penalty is much harsher for specular returns than it is over the non-specular

portion of the histogram. In other words, by looking for lower returns that are available

more of the time, the disadvantageous atmospheric effects can effectively be mitigated.
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return in units of square neters per steradian (m

/sr). Also note that the return froma threat optic is
wa@leooso810oy7 proportional to its optical cross-septT/Os2003/005991

ot her words, Figure 9 indicates the probability that a

si ngl e i nstantaneous neasurenment W || exceed sone
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of a r &nythp other dyapd. singethe toffsaxis BeR-sRscHRr teﬂgn%afoﬁ%@t/sr one

invention. If one has a sensor that can detect a
norad eqriag b sighs Eialsae ashiged 8 9570 prabHiiRiE efusty Plleother

peak value, one can dramatically increase the
prisdsensibeing\equdl, Giscretanm poplithdy is25stimes| lewes, an thap agsoeipted with
80% As will be seen hereinafter, by doing so, one

woptalad estwras sBowénsr, pnerheads aljour 12stimesdaner pylses W@ébiSVC the 95%
required to cover a given area. Figure 10 expands upon
Firgolrabili®y dfydeteqtion. pBriateadgtoatdwtpisén raquied e powerkd 125/ 40 or
turbul ence and scintillation as predicted by

wedbbut\Bal.i dat ed at nospheric nodels. It begins to

address the fact that, for instance, over kiloneters,

t he appSatcendne St rsearchihg ofithbiepriet kitowlddge mdtié atmesdr ocation, all
scintillation in the atnosphere. The value of sigma in

4 Mfactbie gt équal. IBuppaasué Reeds totshaclpd Sukm-byof kinaraxa lIf one is to do
di stributed return anplitude variation due to

t Ui oh& s sé@ofd §ith hepetfag-sé@ived, 10dRin@ forsthg 000 Mf/sr efdabebuires
is to reduce the al readyl ow probability of exceedance

?Lthzhie@&l piltd EdVer BAAAEE afeRabicoMpMRl e SeardHI6 thRNAE oh€R&kS1000
pulses per second, each pulse has to cover the entire 25 km?®. To look for the 40 m?/sr
signal, one needs to put 8 pulses per area, allowing the coverage to be reduced to 25
km?/125. Thus the non-specular return technique produces a search energy reduction
of 3*125 or about 375:1.

Even at this reduced power, the search area to be illuminated would be 200,000
m? (447 by 447 meters). With an aerial search, the footprint of the search illuminator
spot projected on the ground is typically oblique with an aspect ratio of roughly 3:1.
Thus the spot would be roughly 150 wide by 1350 meters long. Since the sensor

optical cross-section is 40 mz/sr, one is looking for 40 m?/sr out of 20 km. This ratio,

with units of inverse steradians (sr'l) corresponds to the bi-directional reflectance
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saturate, so the Sigma of 1 is about as strong as this

ef fect can becone. Under such turbul ence, the apparent
W@PH05/08d02Tr 0SS-section is reduced, and so to iBCT/82005/005991

correspondi ng probability of exceedance. The criti cal

observation, however, is that this penalty is nuch

harsher for specular returns than it is over the
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is about 0.4% As will be seen in Figure 11, one would
nEXPURSEIAoxi matel y 400 trials to have an 80% chance of
obtai nj ng such a return. One vvoula al so require about
1,000 Hrioyreyer gneusesa shogdasrppiis-Ag discymppptes fpeggeept only returns
return. On the other hand, using the off-axis

nehrepiian say. L0gangspeonds eagh eleprentof thessargh ated ismoy fedysed to 1.5
about eight trials to achieve a 95% probability of a

r Eetprin lgggeh byt hdrmeters aerpss. Jbp ptfecsiye sgarchiapgads pesy gghmeters and
anplitude is 25 tinmes |ower than that associated with

s ecBRBF to ehigva gn equpheoien is meSHEEus™ apabaut 0282.t TheeBRDF of
fewer pul ses to achieve the 95% probability of

debldatlatet san@ihapsr, lacsiatwlando isr abguic®.B.oddug therlglihgodpf|eaeeuntering
power of 125/ 40 or about 3:1. Since one is searching
wi2ehodof preharsuiane\is extgemalf. Theeshoxsipulse capebilityl is thus alkey enabler
factors are not equal. Suppose one needs to search a 5

K it loytive sdamhaverawith fhense ofsnonspetmlar iitemonce per second

with a perfect scanner, |ooking for the 1000 nR/sr

Si gnal Thiegtort galst heshnigac lexgloitss the cohamttere nb €ghsedr seasor that all
conpl ete the search on tine. If one has 1000 pul ses

P@hths €EoURH, the aptic vk Sk faake dplical Paey lehfie. A@Mbs the r&brnkwRuld be
To | ook for the 40 n2/sr signal, one needs to put 8

{learggféaﬂ)}eﬂle M@ enipblaD Widlig ad the ieiéar Age. Thiskondta taed time to
ce)lchieve perfect focus is Fermat’s Principle. For off-axis returns due to possible defocus
it is not perfectly obeyed but the departures are in fractions of a light millimeter,
typically measured in femtoseconds to a few picoseconds (10" to 10" seconds).

It will be appreciated that looking for the specular pulse also requires fast pulse
discrimination. Its BRDF allowance would be 1000/2.5x107 or 4x10”." To obtain a
reasonable signal to clutter ratio, the pulse length would have to be roughly 125 times
shorter than for the non-specular case.

The BRDF view is also applicable to the threat sensor return. BRDF is a
formal, efficient method of acquiring and characterizing off-axis scatter. This occurs

regardless of how it is measured. The BRDF of focal planes can be used to predict

non-specular but focused returns toward the interrogating laser. The non-specular
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knm2/ 125. Thus the non-specul ar return technique

produces a search energy reduction of 3*125 or about
W@2Z®s548208ven at this reduced power, the searchPEr/Es20089005991

be illum nated woul d be 200,000 nR2 (447 by 447

meters). Wth an aerial search, the footprint of the

search il lum nator spot projected on the ground is
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reflectancedlstrlbutlon f ynction BRDF a fornal

s Y urcERPlof It 8 EFFBI R G ISAdR S5 pQE fheaff‘ ighiozy tneshls Ge° n&dﬁﬂ gefractive
receive equal returns fromthe sensor and the graqund

i fPathy cThay eausqs;a wregd diy e SBRifs iftegecot| thy ansmiteg eam Tormed at the
40/ 200, 000 or about 2XI O'4. This is a value frequently
enlweaifeeal Blgne. | f . however, one uses a short |aser pul se
and discrininates to accept only returns shorter than,
say, 16uefnsretierciondts ipadpwen emes refmtin sigoifigartipagt kegaysg it is
now reduced to 1.5 neters in length by 150 neters

aanas svidgthalipefset thay ougdn geomeirie and gliffrastiop2Bodpls elose predict.
and the BRDF to achieve an equal return is now 50/ 225
sIThis @wblap thettraDsiRgr. anfliteceBRDIO bf mgrs! widply stpadated than they could
sandpaper, a standard, is about 0.3. Thus the

| itecbt hopetubft ramnogackr iThip &p2ratith sdussche potential farecross talk
very small. The short pul se capability is thus a key
enatween theftranaittercand eevedlar énean swttehfrérh eptits @r agarby environmental
non-specul ar returns. This short pul se technique
expdterdrssuchas diRar act er of focused sensors that al

pat hs through the optic have the sane optical path

| engt ht WhlBe bpediftéd tHat WO tdall aptickidny afRésphate tti®uleAd¥ecauses
tenporal width as the incident pulse. This constant

t Ry lsprehdEhdifartis Rdayes tRedhbRdetfor 6§ tHepeespRAl cBoss-section. It
Pr|n0|ple For off-axis returns due to possible

defifGiSher be appreciated that what the graph of Figure 9 is saying is that if one has a
very high return when the target optic or the threat optic is looking directly at the
interrogating laser, the probability of getting that return or its exceeding a threshold is
very low. Most of the time, the threat optic is looking somewhere else. Thus, if one
causes a laser pulse to impinge upon the threat optic, the returns detectable are an order
or two of magnitude down from the specular response.

Referring to Figure 11, what is graphed is the number of looks required to
achieve a certain overall detection probability, given a single look probability of
exceedance or single event probability (SEP). This formulation will be recognized
simply as the binomial or compound probability equation. What this graph shows is

that, if one has a sweep that scans the ground at a certain rate, there is a particular
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it 1s not perfectly obeyed but the departures are in
fractions of a light mllineter, typically neasured in

wo eovsos®ennds to a few pi coseconds (10~15t o0 10PARUS2005/005991
seconds). It will be appreciated that | ooking for the
specul ar pul se also requires fast pul se
di scrimnation. Its BRDF all owance woul d be
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roughly 125 tines shorter than for the non-specul ar
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sensor return. BRDF is a formal, efficient nethod of
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occurs regardless of howit is nmeasured. The BRDF of
focal B ethesverdh ope neads i bocquearasd vith §av Ipany fings opfpw much
focused returns toward the interrogating |aser. The
néHendion guishbe grig 1o eash pesheof raramd g rmakgssusy thpp aething is there.
treatnments of the sensor focal plane, many of which

c dMheantperatiag sincthe SKid teeal. Fgimeclondaiebtng high BRIFI| agoss-section
BTDF (bi-directional transm ssion distribution

f vavgtts, ong wolld need @ takeasuonple ofithousandhlooks to bgfcettdin. That is to say,
radiation, in this case off the refractive path. This

c alithe sarget $yrasedydscien ot hueely pavkinglexaatiy e thefintetregating laser when it is
transmtter beamfornmed at the threat focal plane.
Sulhimiased, toaé mussypeidsan ino@ina@vaarouotnefaines perbbpsrthousinds of scans,
significant part because it is nore w dely dispersed

t hadkinguuR! npthgeniseierd.c and di ffraction nodel s al one
predict. This enables the transmtter and receiver to

be nor 8yWoflgdsy, wiemaspatgidg ihéid 309e Yingle Wventgobabilitd regime, one
specul ar return search. This separation reduces the

PGS ket @ gdt MO feturh alpiroRdiatdde Ralf P the @ARM Sihed thRMNWstem is
receiver due to scatter fromoptics or nearhby
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appreciated that in real applications atnosphere

t YRR REE $re§ABGS Depending on the strength of atmospherics, roughly a dozen
looks would be required to be reasonable sure the area was empty.

What the graph of Figure 11 also shows is that, although the SEP decreases with
laser power, one can adjust for this by marginally increasing tﬁe number of sweeps.

In summary, the advantages of the subject system are, first, that one needs a
lower number of scans in order to search a given area for potential threats. Second, one
can use lower power lasers to produce the same result. Third, because of the lower
power requirements, one can fit the active search system on a tactical jet. The subject
invention lowers requirements for power consumption, cooling, physical size and
weight within the envelope of a tactical jet aircraft.

Most importantly from a performance standpoint, it takes only a couple of looks

at every given ground footprint in order to achieve adequate search results. This is
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beam spread and further reduces the chance for seeing

the peak optical cross-section. It wll further be
wappsegioat ed t hat what the graph of Figure 9 iBCHHF100§005991

is that if one has a very high return when the target

optic or the threat optic is looking directly at the

interrogating |laser, the probability of getting that
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woul d expect to get a return approximately half of the

time. Since the systemis |ooking for and capabl e of
waledososiony the smal ler off-axis returns, thesePEr/EsS2005/005991

encountered nuch nore frequently. Depending on the

strength of atnospherics, roughly a dozen | ooks woul d

be required to be reasonable sure the area was enpty.

Wagt; AR (9 aRfEPfs. Fi gure 11 al so shows is that,
arrﬁﬁug§£%ﬁ€—SEP‘decreases wi th |laser power, one can
adj ust ,f P Sy [ h N6 ' : of.
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SYSt Ml Snadil i rgh oy PDEAEEHAS | over number of
scans in oraer o §éar8h a given area for potentia
threats., Second, one can use |ower power |asers to
pr oducge?ﬁggggﬁﬁpﬁ‘fcggﬁp FCteriTeFud?Sv}E%'%aadé%r%f' the | ower
power requirenments, one can fit the active search
systemon a tactical jet. The subject invention |owers
requirepents fo ower consunption, caoolin physj cal
sibe ande MEMGAET Gl inBHEn SHGcre A ERnangMep ipdlfces syeeping
aircraft, Mst inportantly froma perfornance
stthnbr3sy frm said lagefjouer aprpdetesminsd prea op fhe| Hed- at every
gi ven ground footprint in order to achi eve adequate
search results. This iscritical for the tinely
detecti on and response to enmerging threats. Its
sk cesdhe gsthed Oﬁﬁgiera Rewhereinahq Rpanbepof psepsgigptssany fo identify the
seconds between the energence of a threat and its use.
Faresenegngfi @ targeteint thaepredetarminied ares withoy eredetermpined: gghiability is
aim and fire in.on the order of a few seconds. Note
t mainimieshdue e the deteetionef inpyspepularrefigatasiratutns fronehe target.
knots, it is exposing itself to additional square
kilonmeters at that sane rate. Every mllisecond saved
in scanning or dwell time provides faster responses
and hefMbe nrethod of €aimi &, whektin the deteetingrsepantludas\detetiingnthe non-
has been described in connection with the preferred
e rdpedlilatiynt fecet réthras vadlizigg sfotalglanesray.t 1S to be
understood that other simlar enbodi nents nay be used
or nodifications or additions may be made to the
descri bed

5. The method of Claim 4, wherein the focal plane array includes a thresholded

focal plane array.

6. The method of Claim 5, wherein the thresholded focal plane array is a direct

reading focal plane array.

7. The method of Claim 5, wherein the threshold for the thresholded focal plane
array is set such that the focal plane array is unresponsive to non-specular reflections

from the ground.
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enbodi nent for perform ng the sane function of the

present invention w thout deviating therefrom
wabmsesoee, the present invention should not beCT/Usi00&5991

to any single enbodi nent, but rather construed in

breadth and scope in accordance with the recitation of

t he appended clains. WHAT IS CLAIMED | S: 1. A nethod
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said target illumnating step includes sweeping the
b&BHFS r om sai d | aser over a predeternined area on the
ground. 3. The nethod of Claim2, wherein the nunber

of sweeps necessary to identify the presence of a

target in the predeterm ned area with a predeterm ned
r & i abilhe mpthod of{Clain 1y wherginghe l3sqripa galtedclpies gmyting pulses with
non-specul ar reflected returns fromthe target. 4. The
et Prodrtermingid spuise 1wWidghandewherein dhej deteetionepsinekydgsndatagtiag only
detecting the nonspecularly reflected returns
utreflécredipylses hayire pupse aridths pppagrimatingTthe pwte Wisith assoaiited yyith the
4, wherein the focal plane array includes a

t mubshivdbddht lasgcal pl ane array. 6. The nethod of d aim

5, wherein the threshol ded focal plane array is a

direct reading focal plane array. 7. The nethod of
Caimb5, wherein the threshold for the threshol ded

fdoal Ahametiandr afyClaim 9etwhseohthe halset widthl dioh thel lasee are in the
array i s unresponsive to non-specul ar reflections from

t hangeamddarge. The met hod of Claim 7, wherein the
threshold is set such that the focal plane array is
unresponsi ve to non-specul ar reflections from objects

whi ch do not enpl oy

11.  The method of Claim 1, wherein the detectable non-specularly reflected returns

are at least an order of magnitude down from the specularly reflected returns.

12.  The method of Claim 11, wherein at least some of the non-specular returns are

directed back towards the laser.

13.  In an active search laser system in which laser pulses are swept over a swept
area, a method for minimizing the number of sweeps necessary to accurately ascertain
the presence of optics within the swept area, comprising the step of:

detecting non-specularly reflected returns from any optics in the swept area,
whereby the detection of non-specularly reflected returns permits reducing the number

of sweeps necessary over the detection of specularly reflected returns.
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optics. 9. The nmethod of Cdaim1, wherein the laser is

a pul sed laser emtting pulses with a predeterm ned
w@eiosesaedt h and wherein the detection step i nPCTIUE®05/005991

detecting only reflected pul ses having pul se w dt hs

approxi mating the pul se width associated with the

pul ses fromthe laser. 10. The nethod of Caim9,

wherein the pulse widths fromthe |aser are in the

nanosecond range. 11. The nethod of Claim1l, wherein

thg detget r%gl!hgd n nth‘a[?xﬁcil%g e{neftliee ﬁ&tggwgegtg% flﬁ&ﬁi% ﬁ‘gmg a

Ieast an er o romt

re 12 The nmethod of Caim 11, mhereln
at equggf%ﬁ% ?e?ﬁ% non- specul ar returns are directed

back towards the laser. 13. In an active search | aser
systen1in which | aser pul ses are swept over a swept

s 5 e o Pty W€ s DAL i s G veh enouh

o tigcs.wthin the swept area, conprising the step of:
déP@ld’FlinﬁEf FHISPLEGl arly reflected returns from any
optics in the swept area, whereby the detection of
non-specul arly reflected returns permts reducing the
nunber of sweeps necessary over the detection of

spcul dihpynatlad of Glaim Fahersdn the-threshelded forghiplane aray) igya direct

13, wherein the detecting step includes using a
thﬁ@hﬁbﬂﬁ@d focal plane array. 15. The nmethod of C aim
14, wherein the threshold for the array is set high
enough to elimnate ground clutter. 16. The nethod of

Cl aim15, wherein the threshol ded focal plane array is
a Wi r edhe rlgaqu')(hg)f zﬁlaiay_l& wherein the detecting step includes the step of

detecting only reflected return pulses having pulse widths approximating the pulse

widths of the laser pulses.

18. The method of Claim 17, wherein the pulse widths are in the nanosecond range,
whereby the nanosecond pulses are detectable due to the use of the direct reading array.
19.  An active search method for establishing the existence of an optical threat target
in an area surveyed by a swept laser beam, comprising the steps of:

projecting narrow pulse width laser pulses towards the surveyed area in a swept
fashion so as to cover the area in a predetermined number of sweeps designed to obtain
with a predetermined confidence level whether or not a threat optic is present within the
swept area;

detecting non-specular returns from a threat optic within the swept area using a

direct reading thresholded focal plane array;
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17. The method of C aim 16, wherein the detecting step

i ncludes the step of detecting only reflected return
w@posesobavi ng pul se wi dt hs approxi mati ng t he pail/882005/005991

wi dt hs of the | aser pulses. 18. The nmethod of C aim

17, wherein the pulse wdths are in the nanosecond

range, whereby the nanosecond pul ses are detectable

due to _th f. the direct di 19 An
act 1 ve b5 IR wiend o Stesbitd R hoBrd oy o o

an . optical threat target i.n_an area surveyed by a
S\Aseﬁ?hql‘g@"é w gé‘fﬁ]gr%lélﬂ’gﬁ'iugri ‘ﬁéﬂle{cﬁg’ %I{%eps of : projecting
narrow pul se wi dth | aser | ses towards the surveyed .
Area | HPECUREAHY FREFRANISE hadng OISR, WiAth fasaL{BAhe prjsewidth of
predet erm ned nunber of sweeps designed to gQbtain w th

a ¢ Baesmatied lawh Pelsh Mhgehy the ignber m?fie?&mared [fgepy in the swept
threat optic is present within the swept area;
detreactpiaptievedriudstserlingd coreingy plsdefection is Mipmizad- opt i ¢

within the swept area using a direct reading

t hreshol ded focal plane array;setting the threshold

for the direct reading threshol ded focal plane array

t 20a t Ahesmethdd befl Glpimhil®h agd olurherc lineludéng jthe rstgpeof edirecting
and, detecting only returned pul ses having a pul se

Wi apuhtemgpasiire tradidtivn ghor s thewdigttionofromhwhich dles détedtestnon-specular
| aser pul se, whereby the nunber of predeterm ned
swempscamesi he swept area to achi eve a predeterm ned
certainty of detection is mnimzed. 20. The nethod of
Caim19, and further including the step of directing
counterneasure radiation along the direction from

whi ch the detected non-specul ar return cones.
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