| MPROVED ACTI VE SEARCH SENSOR AND A METHOD OF
DETECTI ON  USI NG NON- SPECULAR REFLECTI ONS RELATED
APPLI CATIONS This Application clains rights under 35
USC 119(e) from US Application Serial No. 60/547,990
filed February 26, 2004, the contents of which are

i ncorporated herein by reference. FIELD OF THE

B it

can detect non-specular reflections fromillum nated
optical systens. BACKGROUND OF THE | NVENTI ON As
described in U.S. PREATED ABBLICHTIONS e to hbrnan R
WIld and Paul M Leavey, Jr. on August 5

assi gn@lﬁs t@ﬂlﬁ%loascé‘?@ﬁé@hﬁe?@@f 3and ¢rﬂd8@)<ff0§% éf:ﬁ Application
her ei n reference, a system for detectlng t ar get

t Rerisd Ng. 6&5%%%@9@&%%%%290& the gentenie plyyhich argapcqrgorated
scanned across an area on the ground and

r bereiorbafréfercnéeons from t he human eye or the focal

pl ane 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, WI d eFIEID ORgiHE INMENTION to di scover

that any kind of focusing device in conbination with

a sur f Adeineahiobirélhtagtoaciivedags earahfsysteas hrelahore iphyicalady to the
positioned near the focal plane of the device acts as
ausecdfr M igfpr@el attive sEhdos rapivkt éfedi@tan@nlthat can Hétect hoiBpecular
eye, but to any optical systemused by a threat or

t gdf@edons Aromyitibimhted bpdDdysemk. excl usive |ist of

exanpl es includes night vision goggles, telescopic
sights of any kind, ordinance-aimng devices using
optics, tracking sensors or mssile guidance systens

enpl oyi ng focal pheRGROUNYOF THE NSVARTASNt hat such
systens

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.
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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

In accordance with a first aspect of the present invention, there is provided a
method in accordance to Claim 1 and dependent Claims.
In accordance with a second aspect of the present invention there is provided an

active search laser system in accordance with Claim 21 and dependent Claims.



In accordance with a first aspect of the present
invention, there is provided a nethod in accordance
to aim1l and dependent Clainms. In accordance with a
second aspect of the present invention there is

provi ded an active search | aser systemin accordance
with Caim?21 and dependent Clains. 5 Wth regard to

an alternate detection technique, .it has been fqun

Chat wBi e gp et dieprass ST oI es e B foupf Bt when an
device at its focal glane i s interrogated QY a Iaﬁgr
puUipsigal syHep dayiae sorperarplfleXics ahits Bealganeyis flerpeas by a laser
directions, not just along the specular axis. Th%se
noMUsepiberg| i ceriin ameyn 9F scafigy; ip @ll disgetions, nof st opg the specular
magni tude | ower than the specular returns, are

noes: eeeesroncspequiansaiieetiang. WiHl seysral orderyRf reagnitydetipye than the
optically augnmented returns. It is a further finding,
ofspe¢ulas temmsnreoponeigless prIimatedibyethe apfies 21 cerstibrteo pptically
of the system can be detected. However, because of

t hamgnonted retwemssi ty of non-specul ar returns one nust be
able to discrimnate agai nst scattering or clutter

f r om t Heisgrfuhed finding of this ipentierpiaicbis acatidr, whan fasased out of the
dirt, pavenent, foliage and ot her earth-bound objects

W dyktetnocande nteteetsd. diloweykes bewpstaf dhe low éntensiy Af wag-speesdar returns
radiation. It is against such clutter that any threat

S edreanusClongbét te distiminate tagaibst eqatteritigeor ahittemrfrany thegfound. It will be
| ooki ng for non-specular returns lies in their

r edppedoiateidt tiat shhd,sdirtj pavbmemy fdiagehand ather edrihebpsng pbjsantwill to
regardl ess of scanner duty cycle or atnospherics, or
anyonfextefcalfcaehttr shedadoaiihgeldsea balisgion Witanagaimst sueh clegerahat any
specul ar optically augnmented returns, by contrast, an

i n@fedi sRadce coipers forafetestid@eps are required in order to
guarantee a detection. The trade of return anplitude

Ver sus eafntdgsef lookifg feaishlspecular fef@nd ld8san thefifreltability. This
non- specul ar strategy. One m ght be tenpted to detect

t R bB&HIseSOLCAH alfvaly ShridenS rdgaiditgs Sftsaditiar dhrfl@fcRadr @tmospherics, or
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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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 ground 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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aircraft applications.

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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ugR wé ofa dirdcerhding kshgld fdvabpie alraf oc déteqd nemepeaularagsponses
det ect non-specul ar 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;



fromthreat optics; Figure 2 is a diagrammatic
illustration of specular and non-specul ar reflections
froma surface at normal and non-normal incidence;
Figure 3 is a diagrammatic illustration depicting
three effects of tilting the detector at the foca
pl ane of an optic, nanmely the optical augmentation of
non- s I ot S| . e.-nri e
epocul SFtt 3 AiBarp WG RIARERAUEAR oAb B ofani
r lL.se:. Fi 4 i r | .
A s ning bt Sots e BRI B Widfpantancous ieta
sear.ch iver from.gr tier. [ etched
oSS0 aF8YF bl Pp i skt sl R e AR T o

. ane, of t tratin

‘he f I hy i il h
the grioaneBesTicngpate i mm i ohspiae By ke SonEdprayplane

9 Figyre.5 is a diagr tic illustration t he
TR mnie FERBER tythrspioldRise oy BRes hy st a dlay
s%gpnin threat optics when the aircraft |ies outside

t#E 3 rERLE Qe FAbuE rePOriE Qf PR GV FOV) , but remai ns
within the larger optical field of regard (FoR)

Fi gur &igure J is a diagzampatic ilpsighamahthe papflel directieadqut of a focal
di rect reading focal plane array, show ng the manner

i Plagghiagmy tiRe Whishe B oraRy 48 PEevidedoMiGndiedyyrepdipe (drsuigy and
a delay and a NAND gate for the robust reporting of
aWiresh@lging: Figure 7 is a diagrammatic illustration of

the parallel direct readout of a focal plane array in
whi ch Higuse 8ris agiageanpnatio iidustraiign of the readtout efzadping of the display
circuitry and thresholding; Figure 8 is a
defajgerertaillustrating gt desltiplexofg af rews emldcobunnsoff tie gsiay eif Figure

of the display of Figure 7, illustrating the
dénul ti pl exi ng of rows and colums of the array of
Figure 7;

Figure 9 is a graph of optical cross-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 félls 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 9 is a graph of optical cross-section of a

scanner systemw th noderate duty cycle versus the
probability of exceedance (PoE) of a threshold,
illustrating that for retro-reflected or specul ar
reflections for which the optical cross-section is

maxi mum over 1,000, the probability of exceedance of
E}% é’%)rélilsnpi%!itgnlgle atcikc AWwe do%s %cfrrs%ialler}"ﬂﬁ a{ rfeRx'rns that ocgur more

urns ere he 0 Cross-sect

one-tent h
t ﬂ{&"e‘% RBF @"e%??:aélé'dg (%eé tl}esnuén ?’ea ftlo &9&%8% d ﬁéurg Fat fhyrs i no
a hi st ogram.depi cti ng the degraded ef fects of
a e B EFVng?GF%ﬂ1 %%e upon return anplitudes,
graphrng apparent optical cross-section against
probability of exceedance for a threshold, and
illustrating that u rﬁ 0 lent air
conditions there is =% ettt ation mrth t he
degradati on bei ng nore severe for s ecu
non- spRefEIae nowt Qrfigure dngp a‘l‘i‘?rﬁflﬁrlg ﬂi’fg”l gt a’rr%fﬁﬂ“ indicated by
showi n% t he nunber of | ooks requi red or the n
sWERY J4ARE Posseinge a&fléeasearchgsrgemd 1) ShAgie @JF'é aﬁ%& fystem
there are no hostile threats, wth 10 the graph
i parew laserpuispiare PRJCEi 1N Bisraned patteshalpngthe disestipns (§e20 and 22
returns that occur nore often, one can greatly reduce
t logerranrateer] 666 by satehedn dase g ngrrew lasgr ylses tgrfallurrnﬁétr arepd 6 are
no threat within a given search area. DETAILED
DEsERITY ©fereRst sharragy ot isothepumee of thess sganped lapar pplses to
flying in the direction indicated by arrow 14 and
pewsasaénlp ian reasphable tieascthataps camdelt the pessenea of the optics 24
this active system narrow |l aser pul ses are projected
i nhat asompargch theatoednangy 2rigeatadat @.r ecti ons 18, 20 and
22 over an area 16 to be searched. Here the narrow
| aser [bé thesmt islransiderddunihnet threat epgics 8, for instapesn o dang isppvolved
reference character 32. It is the purpose of these
saditet isasmething/bskisd tle lesswat ety facabpladss This goulé de.onglit|vesion
time so that one can detect the presence of the optics
240ggles worn by an individual 30, or it could be any kind of telescopic sight used for

aiming and or firing ordnance 28 ar 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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that acconpany a threat ordnance 28 | ocated at 26. The
threat is considered to have threat optics if, for
instance, a lens is involved and there is somnething
behind the lens at its focal plane. This could be,

ni ght vision goggles worn by an individual 30, or it
coul d be any kind of telescopic sight used for aimng

aear&rbeﬁmrthﬁggmﬁgmn pSetf Ple R GbRIHreshdid tbi thissaggyﬁs set by a

pur pose of system 10°to project a narrow puls
t n I
PR3 R ol B e 5T 0, B o

Pg@ ?h?g:gir%ts gﬁtgte%tg)%geté”:ﬁ h%ﬁlfg'ep &e ?ff’(ﬁaﬁfoh q}ogleﬁlne swgé}t arefg% exceeds a

Q#k8§m¥n%%ﬁ&? ol(ply and to detern1ne |n a smal | nunber

scans area whet her or not a threat exists.
o1 TG B st Pt ol 1 e
| d det
e TN O

12 and |nclu inter alia, a lens 42 behi nd which
i YN ff REeese aﬂfilsr?'gtot FHled#e RS Potaget ViR thegpixglyadgzess is
ThIS sensor typically has a wide-angle field of view
oPransileds at; gnig gf |t%\nﬂt%¢ a wo %?ewnbleaqﬁ%r%d@ﬁ oftsight. This
scan pattern. The detection threshold for this array

i gealesption capabiligyealps weh infernation geinedsisem furthes insereagation of the
processor 48. This output continuing on Iine 50

| ARFiCS it B3eddo dermmadats. o FesRnsh 56 jththa dorar of heoungegineaspign If aircraft
fromthe swept area 16 exceeds a predeterm ned
t he dsseringda jamner thefcdap diej aimedflong) theveath determpinesksby unit 54, then
information that precipitates a response by aircraft
1coun@praedshre gadiktjon frore vdis| S@ycah devliteeted along whegpidtin getpmmiisel by
and the arrival of the return is processed at 52 to
canit JHatoetheathgat.t oMowr geterallphiahe redpengi xel thaddecsm bstween
translated at unit 54 to provide a two di nensi ona
badifferapcoand doneteaftacki cghbe fofiniilated gadbéxecattd.on

capability, along with information gained fromfurther

I nt er rRgfatingmoof td Figure 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 reﬂections. These two geometn'es 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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optics, is used to fornmulate.a response 56 in the form
of a counterneasure. If aircraft 12 is using a janmmer
that can be aimed along the path determ ned by unit

54, then counterneasure radiation fromunit 56 can be
directed along the path determned by unit 54 to the
threat. More generally, any response on the spectrum

bet Wee@ragh% ogfrceﬁe%ﬁ&{s a gﬁ cﬁ:eoé%ng ﬁ{n@{xéna&k a g?enreh)?orces thlSanotIOD

fornulat execut eferring now to Figur )
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are ted . respectively

C BoreEBhdb i of Sasaitiie bl uﬁa%gedﬁn i Scsfgnff%ﬁ‘ ey ke of

anpl.itude of the return as a function of angl e. When .
%F ¥ns 70 are incident upon a perpendicul ar surface

72 the reflected ener ack scattered
d| r ect RGRZNGIOV| P Figupeat: thsy) e <are BIROPAS q?’o‘h? gy face 88
much | onger than the rest in an attenpt to capture

t Ffémn’t‘)ti}ff?ﬁ"“f Aagle Offi Aaapethgieals reflestipn ity aH apgles 92,ng pecular
| arger than all of the other non-specular or off-axis
c 6ompRTer: %’ of ghich js the dasgesBolnghis cage; BRWGVEhH EnipRG WA didregtion is
a function of angle reinforces this notion froma
dicffses b an apgle 9 eawdl but opphgitentaithe Wwpecangler92pe Srregspondingly, the
much taller than the surrounding non-specul ar w ngs
8zeflegtipnragepllifudg sraph 86 i Altered émieleet dlnis behawigen nor e
pronounced, by orders of magnitude, but is illustrated
on t hi @nscal eeef theset pwmetice appliedctaappticpl syResinsr 95 agd Adwbeing
to Figure 3, in the oblique case, photons 86 strike
t fiBinsvatécblyese&8h laferguises 6. fFheseglseq ang [fecudel byAgars defigedhere
is reflection into all angles 92, the specul ar
c asgingie ikinse3 7 aod 9Whomd thes redpectivafgpabplanck 98 tiid 38’ C &g ¢his point,
however, the specular direction is

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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of fset by an angle 94 equal but opposite to the input
angle 92'. Correspondingly, the reflection anplitude
graph 96 is altered to reflect this behavior. One can
see these geonetries applied to optical systens 95 and
95' being illumnated by search | aser pul ses 96.
These pul ses are focused by optics, depicted here as
si ngl,e lenses, 97 and 97 ., .onto their r ' I
o oA g g PR i e o RSP steh fupEERE ekl B Tyonees
back as deg&ribed Ln. Fi '}h the size and

a

. ur
| PAGPRresym 22 deynotmakit by %ugﬁ’é?i}%ﬂ%g' the strength of the
return_ipn that particular direction. In both cases .
o1 of Repine ol @TEH® dnth (P AT $RRY Gty g politudes
to lens 97 or 97' will be collimt I nto beam . and
sdnieals ow refeqtions &remy chyg% mlseﬁhf® 91 14 fierepaid based on
happens regardl ess of _whether a specific ray is .
o PR FRPORF THEE epBicay Fhoiopsgemipg baski i g Elujtas illustrated
strike Point of the focal plane 98 and 98'. By virtue
ofat giisg Q! definga raghes smegyedqut egyvglopeg \Retwyos f5pm dhemearepigportion of
at the focal point energe fromthe lens parallel to
edlshsearch erea, fopins@nger aspeme 40% agive 3 Ang praiof of timepyheregsgeturns
obl i que system produces wavefronts 100 that are nuch
s rfesin} ée furthast poinepr thedHyrainated sparchragearfpatpigarriveraterasyifwgtrated
or specular case acts in accordance with the Wld et
alat 1¢¥atlsbttweemthewried calsimven ofigeuedsluttéraetwyrnswhese amplitudes, as
oblique returns are those that have been found to be
detebt sdeh déroml duree K} sire relowokdetagtibmthreshld 166 dauisazet sufficiently
returns described by Wld et. al., encounters the
ofighaxi s wavefronts 100, it 13 could likely mss the
detection due to lack of signal, owing to the fact
t hat t MRis4 stadk@estrast pathe rasportsetl U frodQarget opoics imakkich all of the
back out of lens 95 . Referring nowto Figure 4, an

| pheiad aryive & thel Sanid tife giicidhcOthefedt 6 Bprasdihg. t Ebeys photon in this
reveal s how refl ections fromsearch | aser pul ses 100

cabuReulielsftBE edihd ab@fkce)an® thefdfore tthteteturh @PQY A broader than the
characteristics. Photons com ng back from ground

clwitithen4 3sthk bligiailsedreifipuigtioour ve 101 define a rather

snmear ed- out envel ope. E@turns fromthe nearest portion

of The practical benefit of this can be illustrated in conjunction with Figure 5.
Here an aircraft 115 is flying over threafoptics 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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the search area, for instance at point 102, arrive at

one period of tine, whereas returns fromthe furthest

point on the illum nated search area footprint arrive

|ater as illustrated at 104. In between there is a

conti nuum of ground clutter returns whose anplitudes,

as can be seen fromcurve 101, are below a detection

threshold 106 that is_ s suf.ficientl igh. .This.|s
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Here an aircraft 115 is flying over threat optjcs 116

o acricaadvayagsplor fast meyiag aiFiRfidadng theglannting schagtylipg fagk of
bounded by the | arge cone 117. At the instant

deyiecting ghreats asappidly ag thsy penetrgie MpY 3irgn3ee-f i el d of regard
depi cted by cone 117, but not within the instantaneous

fi el d Referripg eaFigurg 6pvhatrigshopmiig ang type oftheeshpldingeirquit that can
| ooki ng el sewhere. The search systemon the aircraft

146 emmiplayed natae diredrresdingofocalcplane] @rray dorg theapwrpdsee of ndgtecting
receives a return 119 that is several orders of
nmegreitelydshod omtses. r Amcan be preaka phdtodidde d3liglat férms a pixel on the
I nstantaneous field of viewis not pointed back at

t hferementomeflt direbfrebding Seat pins yatag nis wongledi ¢lsoygghedn tRC circuit
only be capabl e of seeing peak specular returns, it
weathgbséthofecapacitonil33 amdt resistbhiB4weraa input AB6 of i differential amplifier
i nstantaneous field of viewin 14 order to get an

ap}s hat falthea thedshisld cirduitel 46U [Tjhe direshyleltfenthishviremvrset Byysignal on
virtue of its clutter discrimnation technique, can

bendTBrdand prsides v@p@nough to operate in the | ow
anpl i tude, non-specul ar regi me depicted in Figure 5.

Such epRPNGE theSBAS bi 4 MiléeyorTRaNSt 144 MRicdjtRE b dSStidRBvent has
will find targets nore quickly and require | ess power
t Bccllted On theNpikel. In this case a sufficient number of photons have reached 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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iIs a critical advantage for fast noving aircraft
facing the daunting scheduling task of detecting
threats as rapidly as they penetrate new airspace.
Referring to Figure 6, what is shown is one type of
thresholding circuit that can be enployed in a
direct-reading focal plane array for the purposes of

det ectfygeo XL LRIEAY pRIANL AU ESenfh BRLAS FAGHy Buput 2
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ot A g0 el S0, Bp PP 4% 8 g p“uﬁ 80 8% s or o
B@ulgﬁ or latch at 144 indicates that a detection

as occurred on the pixel. In this case a
suf ficient nunber_of photons h ve reached the hot
det ecthsferming 3O% (i Figuieeh P §rran % ofsHFLTRICCHITS 15 adfesiga Ry rows
that its output exceeds the threshold and reliably
r Egomndscolymus, Ky WithyqresspRing ofhthe afgy Heiag readqudn %ﬂa&kl by a
hi gh, ground returns do not exceed the threshold and
aflizect read gysiem. sl eyent l6p éscindigatedyagrgitislar pping @n thp array
RC circuit mght be used at the output of threshold
cWhenthe assqciged thrasheld 46§ bastheen exceaded. | ong- | ast i ng
returns froma stretched-out pulse due to ground
cl ut t eks canrbesern, embrsal pesuts at hgay i0puhenghe pigdetermined threshold
circuit 140 is coupled to one input 146 of a NAND
ghesebedn 8xchedeidndn ane jcewvarivt fovasifoynditha ddahggmydonsi fegams in which
150 provided by a delay circuit 152. This del ays
oalt jofitthes BQhy-5A detéatomih the shiay everd readiiot, Iohly byg efeoent was
i nstance, one nanosecond. 15 The result is that the
pmdichted laathaying dhd @h enent Thus,t Wisileathe ayrapinidy lntepd @ut pindually
a signal 144 when there is radiation on detector 131
t Simulteebadys for @l pixelsirar sy tgiven tianeethers avild e onlyne fevent indicated.
what ever the interrogating pulse length is. If it
dTkiS mehixahatloh@é#m uak h dirkt® reddout 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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signal applied to input 150 of NAND gate 148 that wl |l
prevent the generation of a pulse 154. Referring now

to Figure 7, an array 160 of such detectors is

addressed by rows 162 and colums 164, with

cross-points of the array being read out in parall el

by a direct readout system Fbre an event 166 is
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out virtually sinultaneously for all_ pixels, at any

giPerotVaOHAapge. WMhat Wis meany isthat all el he ipiglsceftapcprray can be
This nmeans that one can use a direct readout of al
edisprtlytiach putt Byeconvensipnal fegutiplexeis\igf time |pgxipd less than the one-
cross-section target such as that presented by
nomoserondipelpe spa¢ipg.ns. Put anot her way, rather than
periodically sanmpling and storing all of the pixels

on t heltarildy appigeiatgd ithay, fona SP@-by-c8Q aay gdd.rié diel fpcusigigtdn the
all the pixels of the array being read out in

pdocal plete arfay 4% eeighap ehanghi awgtum mep a¢tugllyxtes! foeused on two or three
assessi ng whether or not there has been a detection,
agdjaeentipings.wit isa telapivep binfpecmbttep kaprevide a SGYND gatn etrgeaine in the
sinply query the row and columm registers that
dideragltiplgxdrnaicic aliag, wfihherd agei ocelrrérges hi 4djagent ddwetors, they will be
i kelihood that nore than one crossover point of the
afintérprendd ak beinglh ciagle esentlet ect ed target can be made
exceedingly low Thus, the probability that an

I ndi cawmae thé dire@ readihig €sthbpland Afrap Wads Coripinallyii desigied for use
valid is close to 99% 16 Referring now to Figure 8,

S lapgifist il dReifipddt migdiled, iPRdstioGWea fINANithag atrayi e reliably used in a

addressabl e by a particular row and col um,

denad-idgh R¥éinG fenidbicthglanindpel S2thada€ opfi&Owhen 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 caﬁ 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
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ei t her asynchronously or synchronously to read out all

of the pixels of the array grid. This can be done
virtually sinultaneously with standard demul ti pl exers
operating in the one- to two-GHz range. What this

nmeans is that all of the pixels of an array can be
directly read out by conventional denultipl exers in a
time period |ess _than the one- nanosecon
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increase the probability that one can detect a threat
ORpdcalat fespdnee evd adanef magtitude belaw clie fehlebalue, Reé exr drmgatically
nowto Figure 9, what is shown is a typical noderate

d iicYeay the @robapilityClextedinog far singladventio opdri808. As will be seen
cross-section is graphed agai nst the probability of
©heRAMAAC By fddingasd, bhe aldddechiake tHeh@imbehef ¢fér ahs or sweeps
cross-section is a nmeasure of the return in units of

S GliirBd fRJoRErSa ditdn asdaer adi an (n2/sr). Al so note that
the return froma threat optic is directly

pr o|Oor Fiéqrzeaho teQpanlis updit Figale 9 MYSificipsrhtin@Natmbbphetil@Ffects like
words, Figure 9 indicates the probability that a

S 'tﬁ@hl@ndenﬁﬁaﬁﬁrﬁiﬂgﬁﬁiﬁ aé"Fl%ﬁiéfeﬁrﬁn%veM\ﬂvblhda%H CRAGsphOHE models. It
anplitude. Here the optical cross-section for a
S I%%gﬁi& & da4rdse meefﬁ&qgat,r £ istindB QviiA81otheteds! 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 1 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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near-zero probability of exceedance because it so
rare. As the optical cross-section decreases, then
probability of exceedance increases, ultimtely to
100% For non- specul ar returns such as illustrated at
182, when the optical cross-section drops bel ow
approxi mately one-tenth of its on-axis specul ar val ue,

LFZH \Bafrg eg:s%i}é‘i’ongfﬁ‘%me%ﬁ@%ﬁﬁ%f’tﬁ% BiCERRRGH <riae gt
Saetmiagar bt oric LJEPu PP BHETOE ARy pggeen o

the likelihood of a return. Therein, lies the m se
ofFigie léu@pwwfwm pegroxtptety, 400} fials, 1 B in (40 cpagge of
detect a non- specul ar response two orders of

ERSHIRINE Sich el BT h DNseuruIg Afsgaeaniverbodn LAPL ARy oahavy a 95%
i ncrease the probability of exceedance for a single
ewrsphabiliey ofisa¢h BGYM-As wi || be seen hereinafter, by

doi ng so, one woul d decrease the nunber of |aser scgns

or swe&psthe rathenibeed] usingclby off-axisgharepeaaaretumsyefy 40 mysr, one
expands upon Figure 9 by incorporating atnospheric

efwaidd sequirk about gighufriatscte aghigvesei9hfi probabilsy ofg return. Al other
predi cted by well-validated atnospheric nodels. It

befaitors beimg adunl ethis retuen fimplitudeniat2> timas lpwert thare that asgeqiated with
kil ometers, the apparent strength of the returnis
nmogeduddr ectutoy. Howewet, lohandedmabaut t2timgsifesgipatses toBhlieve the 95%
value of sigma in the |legend is the neasure of the

p ebablliggofidereotidn. dTlst fehdsub ectluctidng imregnipdd lhsed gower of 125/ 40 or
variation due to turbulence along the two-way |ine of
siqbit3:1.ts effect is to reduce the already- |ow
probability of exceedance of high optica

Cr 0Ss- SakkidB iV akateising Twithbud grie ekrloemdige tod thes atngomlceation, all
so the Signa of 1 is about as strong as this effect

£ afacth GRY TRt eddal ESuppoke lind hetiorBaieh a § R@-BRPRM@ra. If one is to do
optical cross-section is reduced, and so to is the

C Ohis BRROR sE@nd Wl aliekfeétYscatherlS YooRRE ABCBe 100TEM Yk signgBdequires
observation, however, is that this penalty is nuch

hagsh@th hRlke SRRE Bhcdizh lafaUb REmpRRNthE kedréh &Y el NE one has 1000
non- specul ar portion of the histogram In other
VOSSR s pliYsed AQKIBE phISE hdsQ¥BEveF Bie8hile 25N@E%. AfoBoa Rk tRI0GN /st
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 m?sr, one is looking for 40 m%sr out of 20 km. This ratio,

with units of inverse steradians (sr’) corresponds to the bi-directional reflectance
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nore of the tine, the disadvantageous atnospheric
effects can effectively be mtigated. 18 What can be
seen fromFigure 10 is that the probability of seeing
a specular return having an optical cross-section of
10,000 n2/sr is about 0.4% As wll be seen in Figure
one mould need approxinately 400 trials to have an

11,

8Q% ch ni

- it B0 Batiors BRSO Pl 47 o B Qe SRR g 0ne
of such a retu n. On_.the other h

o U oGP Pt fﬁ%sowf?@g*en@?@ﬁglféﬂeeeff%%m ground
pﬁg*ﬁ’é{a?ﬂe?et rigr it php B0t SRR ch IV Ty B BeYaitp frequently

equal, this return anplitude is 25 tlnes | ower than
tﬁHFm%§§@0|ated with specular returns. However, one
needs about 125 tines fewer pul ses to achieve the 95%

pr obablfi laweves orfetset $hoH. lasyrplse; 294 discyimales Racr ek enly geturns
required | aser power of 125/ 40 or about 3:1. Since

o fkories thgs spy, HOMgnespecmayeach elementaf sha ssergl argp sy redicgdfo 1.5
| ocation, all factors are not equal. Suppose one

newtbss indengtiubyc H0anaerk asrbss. Thy pifenting searah agrads heyw 225 meters and
this once per second with a perfect scanner, | ooking
f dre BRBF 10@hieve As equal tpth is mfud¥/e2> srt lwa@boeiaﬁ-ﬁ% ulkeeBRDF of
cover enough area to conplete the search on tinme. If
ogeldhaated Omdpapeu laseandpdy issabooin@3. dho# thedikebhded oftegcountering
cover the entire 25 kn2. To look for the 40 nR/sr

si2ghal of ok asedats it cerpsmalB Phel shes pplse capabitity iakHuswikeyenabler
the coverage to be reduced to 25 knR/125. Thus the
NoNacive saakchreveetvith thetvecbitiogispeqpiapeimoes a sear ch ener gy
reduction of 3* 125 or about 375:1. Even at this

r educ eThip GWeHt ,pulsh @echRighi€ Bxpoigathe chcted bilfacnsid esdnsvedl thde all
be 200,000 nR (447 by 447 neters). Wth an aeri al

S @ath€ Ehroi dglnahé Optididve thedfaniettisa Pathlehth.UThaaihe rretuﬁxh@(buld be

projected on the ground is typically oblique wth an

asB§GlearlyPihb QarMd tehiPuhydtiBaslthe incident pulse. This constant travel time to
achieve 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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Thus the spot would be roughly 150 wi de by 1350 neters
I ong. Since the sensor optical cross-section is 40
n2/sr, one is looking for 40 n2/sr out of 20 km This
ratio, wth units of inverse steradians (sr")
corresponds to the bi-directional reflectance 19

di stribution function (BRDF), a for mal systen1of

descri bi ng non-specul ar scatte

IS PR ST R br B P e G PoRt Pl many of

effeﬁflve ound BRDF were | arger than 40/ 200, 000 or
B¥ith osQ gpfiangg,juch F?“Q'value frequently encount er ed.

If homever one uses S ulse and

di scri rh&PERaten K ERY g{FD.F (hiirectiong]oransimissign flistribution
say, 10 nanoseconds each gl ement of the search area is
néqu@em cléds & Breasure, algpiRps > Phirdrdjitenpip Dicrapld rt%e refractive
across. The effective search area is now 225 nete

amdth. { s GREE a Preag i Spespalinl dgas) of the tipngmyiter heain éwé 3t the
sr 1 or about 0.222. The BRDF of gold plated
sdhrdpdpeat plage- st andard, is about 0.3. Thus the

l'i keli hood of encountering 222 n2 of such a surface

i s ver Yugnsdatter F$ndts dinagrlowgrudrsaxic ggerbiin isigpificantt pagisbegause it is
key enabler of active search even with the use of

nowors padely alispers¢d thas . pulithy gearhairic apdildg&attmohmodplsealone predict.
exploits the character of focused sensors that al

p afthiissertableo thg lrabénaittepandaedeivee td bremssneidely tsepaadtedpthiah they could
| ength. Thus the return would be very nearly the sane

t eeyfor alspedubii hetard delveh. Mhisdepiratien educes hhes patetiat fortcross talk
travel time to achieve perfect focus is Fermat's

Proetvadef) k2. trabshhittex dnd aedeBrer dileltd Btteitftorh Optitd 98 hériey environmental
defocus it is not perfectly obeyed but the departures
arseatiererd sl@Bhd ues of a light mllinmeter, typically
measured in fentoseconds to a few picoseconds (10-15

to 10- i2wAPBOaisdciattd that kil rdAE apRhmRk AtBebphdiatulbieldeNGuses
for the specular pulse also requires fast pul se

dip3hisPleAPdddFhrthel teluBRHe hh@WBINECEinp e palbdbtical cross-section: It
1000/ 2. 5x10-7 or 4x105. To obtain a reasonable signa

t Quifl | fikkie® be 51?}1’1 dcated IS WUk BR Jr AP FigRUD B SHANE it tBatifone has a
roughly 125
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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shorter than for the non-specul ar case. The BRDF view

is also applicable to the threat sensor return. BRDF

is a formal, efficient nethod of acquiring and
characterizing off-axis scatter. This occurs

regardl ess of howit is neasured. The BRDF of foca

pl anes can be used to predict non specul ar but

focused returns, toward t atln I er The
nEFRPAPEASIAC SOV iR AR ﬂnﬂ%wo st %ﬁf?}g?*r U e Faééa know
treatnments of the sensor focal plane, of which

c ARV Ry Heaks Sffcirededarthop mamyeswe gt dp igrerser fymake sure,
BTDF (bi-directional transm ssion distribution

f §rcvitbP0% cerfainty, thatfeeaz are @0 thagadyiniagiven atea. of t he
radiation, in this case off the refractive path. This
caus esInothesreerds. jone nerds énba ¢oncerpedhyish Spw sy times or how much
transmtter beamforned at the threat focal plane.
Satséntion anyse be maigiufor each pagh |afvgsqund rio arake sueg thahnething is there.
significant part because it is nore wdely dispersed

t Wélmenpopreddtipg geghetWild eantl regifnerfac deteetingobiigh woptitad reoss-section
predict. This enables the transmitter and receiver to
beargas, ensvivdeld yneskipasiatassuplh afithbimayd boks © belvertdinr That is to say,
specul ar return search. This separation reduces the

paf B tdrgdt isf iarelyCsees o1 taadlK looRimg wesly tah thetintansgaking &aserawidn it is
receiver due to scatter fromoptics or nearhby

enNiriaNsE Phémustspaid ar podinatecinoant dfusie, ptrhapsi thbushrels of scans,
appreciated that in real applications atnosphere

t idkigBaRMothSe therddeam spread and further reduces the
chance for seeing the peak optical cross-section: It

wil | ztcbﬁl&asbavlﬂa‘ﬂﬂflﬁ&hﬂé @l te 50 Whgle dvbi@ [@otphitptegime, one
Fi gure is saying is that if one has a very high

I & dald) eXpeeineot %Ei 4 RIER tappRkinfatdly hhIRQf tthe @ffe. OSihéL theSsystem is
Iooklng directly at the interrogating |aser, the

prl@ch@tj%' t{of ina &Balﬂ@ bf &é’t’&tlﬁ e sﬁﬁf-lé%rdﬁf &is fehine ﬁﬁ%ﬂb Bttofntered
t hresh Is very |ow. st of the tine, the threat

ORhich xﬁocrte lﬁ%&t‘ﬁa‘nﬂg. TREENREY & Bk SRengl BB atnlokptRREs, 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 the 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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causes a laser pulse to inpinge upon the threat optic,
the returns detectable are an order or two of

magni tude down fromthe specul ar response. Referring
to Figure 11, what is graphed is the nunber of |ooks
required to achieve a certain overall detection
probability, given a single |ook probability of

] i ngl t babi I it EP).. . Thi
CE eI B ) OSSR BOSP R R R, i on
SRS RIS SOUBAL ML L B e

ground at a ceftain rate, there is a particular 2

pri8h AT ISFAPPIE RO PG it SO M AYRA @P%@Pea“fnoﬂlg%lf? % 4&? frger of
a return. One then has to know how nany | ooks are. )
nSdE¥ decondh PRy WhsRewp & tHYelingda ap 6"?}6% PIPQrkagss. if iy exposing
make sure, say with 90%certainty, that there are no
t HiselAte additionalysquare kilqmeters gt Hphgamesiicd s Ever aniffisegpad saved in
be concerned with how many tines or how nuch

atscamingon dygld fimg @rqyides| fastsT wapdnsesand henee mprospaerityo make
sure that nothing is there. Wen operating in the

W d etWhile the prgiemtinfention basseeen describeghin gpuriegtidn with the preferred
cross-section targets, one would need to take a

c eoppodinghtst hb ubandribusokigures theisc&r bai wndeffhoatl thet tother similar
say, if the target is rarely seen or rarely | ooking
exaotiyneats mdyebei usedkor mgdificatignd arselditinshemay be imgde to the described
il lum nated, one nust spend an inordinate anmount of

t iesbodipenh dps peifiensgnde efmes dartion afathe nesur énveoddn mgthout
is there. By contrast, when operating in the 50%
Sidadila@nge werdfroft. O [TAditfote], Yhe' prgédite invemton stdulddnae edirhitddoto any
get a return approximately half of the tine. Since the

S Ys&lp® R rhBodith &1 Kbu @athdd lcofiied apblehdth @hd e@lpeed hdtgrdahi®@® with the
smal l er off-axis returns, these are encountered nuch

Myt &afibeSUBOippende@Pangli Nng on the strength of

at nospherics, roughly a dozen | ooks would be required

to be reasonable sure the area was enpty. Wat the

graph of Figure 11 also shows is that, although the

SEP decreases with
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| aser power, one can adjust for this by marginally
i ncreasing the nunber of sweeps. In sumary, the
advant ages of the subject systemare, first, that one
needs a |ower nunber of scans in order to search a
given area for potential threats. Second, one can use
| oner power |asers to produce the sane result. Third,
because of the |ower power requirenents, one can fit
WHARHSLAIMERdS; ch systemon a tactical jet. The
subject invention |lowers requirenments for power
1. corsmethbi dor, ideadyingg, tagghtysnmaying opcsanempmging Hie skps lof:n
the envel ope of a tactical jet aircraft. Most
| MpihidBtihgy tHe! @Fe® hREhE WphiBd Gethsiraostival Akis with taaudsed laser
only a couple of looks at every given ground
print in order to achieve adequate search results.
bemﬁﬁﬂh"s 22 critical for the tinely detection and

response tQ emerqging thre 1SS o b ;
o abgraee e ottt HE FlisSior bR oiiBRe SBlendtsnid e
energence of a_threat and.i For t he
havipg pulse wvidthg ewtching Bepylse ancit‘teﬁgf thap pulsey ‘?ﬁtﬁ%\ﬁ’ggft?eﬁ’él i n
on the order of a few seconds. Note that when one is
traveling in an aircraft at 650 knots, it is exposing
itself to additional square kilonmeters at that sane
2. I atle nteéd/oMClalnh $ eehadinsaikedrdenillusdastinigngeoinchived sweeping
time provides faster responses and hence nore
the §<%‘fri‘frbﬁ1ysa1d%éek BviMEprRd &S Gihed HYLHE tRErb\ARI. Deen
described in connection with the preferred
enbodi ments of the various figures, it is to be
understood that other simlar enbodi nents nay be used

difjc ddlt Lons e made t
e ol ek G fe Rkt g BrrlR R g PR e Brdentigh the
of the present invention w thout deviating therefrom
presghesr of ar targathia fhe eryedrterminesh afeanwith cupepdgiermped | jehiphility is
to any single enbodi nent, but rather construed in
minfihizadititic rttle detegni of nan{specdlamreﬂem'tddhemhs froredhd atgebn
of the appended clains. 23

4. The method according to any one of Claims 1-3, wherein the detecting step

includes detecting the non-specularly reflected returns utilizing a focal plane array.

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.
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WHAT IS CLAIMED IS: 1. A nmethod for identifying a
target enploying optics, conprising the steps of.
illumnating the target having optics with an optica
axi s mﬁth a pul sed | aser bean1 and, detecting off

aX| - spe reflect ret fro CS, 0

7. s a| nf@ﬁé‘t fcﬁgllléw Ny “ﬂﬁfeé% ﬁaﬁ"& then ?Sﬁgl%géj el pfane
MAdthS of the pul ses of the Iaser beam 2. The net hod

arrayfs sef aieh that thadesl plangi arayas garesponsiiie tadrigeelapreflections
i ncl udes sweeping the beamfrom said | aser over a

frompthe gatvadm ned area on the ground. 3. The net hod of
Claim 2, wherein the nunber of sweeps necessary to
identify the presence of a target in the
predeterm ned area with a predetermned reliability is
m t r

8. | e?‘?\gg%egﬂép&rjgf(&fragrg ?%l%?ﬁ%‘lﬁ gﬁ% g?%s‘gt)ldnﬁ %etsﬁﬁﬁuthgt the focal plane
accordin any one

arrafi i BUCHESNE 48 P ABrIE S HRr AR TP éeCE%owﬂ%%e‘iuP%t fgploy
reflected returns utilizing a focal plane array. 5.

opticshe met hod of Claim 4, wherein the focal plane array
includes a thresholded focal plane array. 6. The
method of Claimb5, wherein the threshol ded focal plane
array is a direct reading focal plane array. 24 7.

9. Thehoeidigsll ¢f Clainail whereithibie ¢aser tshepulteddades lethiftiap pulses with
threshol ded focal plane array is set such that the

rg(%ffﬂml%da s@Wi@% drdt Mﬁ&%ﬁpﬁfésdléf@ctlbﬁ s%nlnéﬁﬁéy H@trectmg only

ret t|o fromthe ground. 8. The method of
reﬂeﬁ egrpél?seglb?v%}g ?)g hr e(itng Iad I':Ogle a?mgﬁ%eﬁﬂggeg\g qtltl Q?sogﬁ?eﬂlwnh the

reflections fron1objects whi ch do not enploy optics.
pulses from the laser.

10.  The method of Claim 9, wherein the pulse widths from the laser are in the

nanosecond rangec.

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 any target with optics within the swept area, comprising the step of:
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9. The method of Caim1l, wherein the laser is a

pul sed | aser emtting pulses wwth a predeterm ned

pul se wi dth and wherein the detection step includes

detecting only reflected pul ses having pul se w dths

approxi matj.ng. the pul se. wdth associated with.the

oGS e bt spretorted Rl ogt ) GPUsg the swept

wherein the pulse widths fromthe |laser are in the
areandetoiomadtheanse. width of rray istlpesed seturn pulpes1 Whikyetondetect

the detectabl e non-specularly reflected returns are
returtpul seadhiviap patsdevidihf apmrgrinaselg tidopwisd wolth ohthe said laser beam

specularly reflected returns. 12. The nmethod of Caim

wherkby tHOeRiclobf BASpecsiiEy Riletle roAnSREAUS Al redettiting the
are directed back towards the laser. 13. In an active

: t

num B S ec S SR R O p R R B e

of sweeps necessary to accurately ascertain the

presence of any target with optics within the swept

area, conprising the ster})l of 25 detecting off-axis .
14. nodhgpwethodr p§ Glamp ekt et heisinurthe ¢eﬁ?ﬁﬁ‘9&n§eﬁ)p¥lF °§ psing a

the swept area, determ ning the pulse width of any
threshefded doerd plame army.pul ses; whereby to detect return

pul ses having pul se wi dths approxi mately the pul se

wi dth of the said | aser beam whereby the detection of

non-specul arly reflected returns permts a reduction

in i id Qb6 kh @Rough
5. of %Eg%el} ar yélragilllzlg?gg‘élﬁ gttﬁ g?ﬁ?ﬁ{o{%m‘%ee&%gtlhod OF e

Claimi13 erein the detecting steb i ncl udes using a
fo ell“ﬂ‘rnéggr%f’%cﬂaf'%%ral pl ane array. 15. The nethod of O aim
14, wherein the threshold for the array is set high

enough to elimnate ground clutter. 16. The nethod of

Claim 15, wherein the threshol ded focal PI ane array is
16. a diheanethod of Claim 15, wherein the thresholded focal plane array is a direct

reading array.
17.  The method of Claim 16, 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:
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reading array. 17. The nmethod of C aim 16, wherein the

detecting step includes the step of detecting only

reflected return pul ses having pul se w dths

approxi mating the pulse wdths of the |aser pul ses.

18. The nmethod of Cl gim 17, erein.the pul se w dths

ar BrFFtpg élaﬂaw&%%‘ﬁ@ﬂﬁa?@ QU Sewaéwtﬂfﬁ REHLTEL Bhgswept

pul ses are detectable due to the use of the direct )
fashronzdian do eevesjhe argmin apredeteimined aenber afsiveens designed to obtain

establishing the existence of an optical threat target
withi apradetatiaedcmfidyee loyel shsthepor hasghrebeeptic is prepernit swithgn the

the steps of: 26 projecting narrow pul se width | aser
swepUlkr&€s towards the surveyed area in a swept fashion

so as to cover the area in a predeterm ned nunber of

s - -

co SR e REy b RO At Do RATHPIS VR ara using o
. present within the swept area; detecting non-specul ar
dlre&éf’ %thf‘?sb&dgd%‘??fl GHe within the swept area

using a direct reading. threshol ded fo&egjld pl ane array;

sesetfing tha thresholds Fs| the digectteadigs thiephqldedqfaegl plane array to a

t hreshol ded focal plane array to a threshold bel ow
thresttolcbelgwordrich giound eluttersis rgpated;@dd, and, detecting only

returned pul ses having a pulse width equal to the

puldsectinglbily ebturdddgulseaisving tgmhideasidth gyuab®, theipatselyidth of

t he nunber of predeterm ned sweeps in the swept area

the ﬁ&hsﬁﬁ{ﬂécﬁé@er L ARERL PR (i PRl bt i lsgreby ér)]{glrthé swept

mnimze 0. The method of Caim 19, and fur

i,ncludi ng the step,of . direeting. c ef. sure
areartgGFIB?Yeo%prgp%tﬁlamPE% R P ?%‘:ﬁte%}oél ﬁg\ﬁﬁ}tﬂ%ﬁ e det ect ed

non-specul ar return cones. 21. An active search |aser

systemincluding a | aser operable to produce a pul sed

20.  The method of Claim 19, and further including the step of directing
countermeasure radiation along the direction from which the detected non-specular

return comes.

21.  An active search laser system including a laser operable to produce a pulsed
beam and a receiver operable to receive off-axis non-specular reflected returns from a
target employing optics, the receiver being operable to detect light having pulsed

widths matching that of the pulse widths of the pulses of said laser beam.

22.  The system of Claim 21, wherein said laser is operable to sweep its output beam

over a predetermined area on the ground.
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beam and a receiver operable to receive off-axis
non-specul ar reflected returns froma target
enpl oyi ng optics, the receiver being operable to
detect |ight having pulsed mﬁdths natching t hat of
t he pulse wi_dt hs ul ses id | aser beam
23. ThahE SitamOs Clenn ot herelhibe Quben Db SV SR F e g ap ATy
to sweep its output beam over a predeterm ned area on
the prbeeneg oﬂmdarg@f?lnztge PRésistesmined rarest with & predetermyiped apliphily is
nunber of sweeps necessary to identify the presence
minigfized duengeie detectibe opnadeicenlar refldctarerarnsi filomathe target.
predetermned reliability is mnimzed due to the
detection of non-specular reflects returns fromthe
target. 24. The systemaccording to any one of C ains

24. ZlTﬁg ng%r z?dcg éfll?% td Gh io\ﬁ%roij Elaimb %\{' %e%mrél the fr@ er is

Iane rray e recelver 1S opera e to detect

refl ecte et ur ns ut|I|z i.d f cal
provbcf n‘é’lt r% %Fa[ aneT?fansﬁg‘?é OFCtiChi'nOPg"? U?/hg)r g?tﬁdt § non-
focal array includes a threshold focal plane array.
specaiprly Teitectsemmotiling sdbealihiee @yt he t hreshol d
focal plane array is a direct reading focal plane
array. 27. The systemof C aim 25, wherein the
threshold for the threshold focal plane array is set

25. SUqiiet dtent N Tosial 20l amigeréinr B¢ ifcalndrRSP divdides 4 threshold
non-specul ar reflections fromthe ground. 28. The

fbafﬁﬁh@ﬁ%%ﬁ G aim 27, wherein the threshold is set such
focal plane arrange is unresponsive to
non- specul ar refl ections from object which do not
nploy optics. 29. The systemof Caim 25, mherein

the laser is_a pul sed | aser operable to emt ul
26. vii tlhe ayprmdet ElHNdY Wireis Wd@ﬁ%@ fogkimlAns Y 15 & direot

receiver is operable to detect
reading focal plane array.

27.  The system of Claim 25, wherein the threshold for the threshold focal plane
array is set such that the focal plane array is unresponsive to non-specular reflections

from the ground.
28.  The system of Claim 27, wherein the threshold is set such that the focal plane
arrange is unresponsive to non-specular reflections from object which do not employ

optics.

29.  The system of Claim 25, wherein the laser is a pulsed laser operable to emit

pulses with a predetermined pulse width and wherein the receiver is operable to detect
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28 only reflected pul ses having pul se w dths
approxi mating the pulse wdth associated wth the
pul ses fromthe laser. 30. The system of C ai m 29,
wherein the pul se vvidths fromthe laser are in the
nanose nge. T
oty R i B35 b rperer g B Rl Y a0t
specularly reflected returns are at | east an order of
Wlthrthgpulse.ﬁfeomldmaﬁfom the specularly reflected returns.

30.  The system of Claim 29, wherein the pulse widths from the laser are in the

nanosecond range.
31.  The system according to any one of Claims, 21-30 wherein the detectable non-

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

reflected returns.
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