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LASER DI RECTI ON DETECTI ON FI ELD OF THE DI SCLOSED

TECHNI QUE The di scl osed technique relates to | aser
WORR06MI8T ecei vers in general, and to net hods BEMIL2005/001258

systens for detecting the presence of very | ow power

| aser radiation, usual llﬁl associated wth |aser guided

weapons, such abASERDIRECTIQNSHETERTIANG f or

determning the angle of arrival of a |aser beam
associ ated with such weapons systens, in particular.

cystom & aHGhD GF I HCHF SRR TRUMREE L0 ©
m ST epnar EisBlosdRr AHRnHS RIARIIES IB¥erRAIAING rRceivers in

| aser beam positioned on 't target. US Patent

géndRe, 8RB tosmettotle dnemysterks dor aletectimy ithe gutesence of very
“"Apparatus for guiding a mssile" is one of many US

lqvatpewer laset Iradiatiprs yaually asrpaiatasbudthy lgser giided weapons,
m ssil e syste

sUgheipRst Biisons 8y Sther aat oIl FRrRge St Bhivhl of a
AT SksPiod (G SyERSRANGR, Sgere, Ardriular, |

guide the mssile towards the target. The spati al
encodi ng can be achieved by altering the nodul ation
frequen®ACKGROUND QFaTHE DISQLOSEDRTECHNIQEHE f i ed
area. The spatial encoding can al so he achi eved k()jy
al terinf laser ampssileugystan wafeBfyal WeaRANS cgdiding system
atjal sections of. the specifi ea, S|
wREch miaTs R, SuiderioRasie s il siiedy of i Mser beam
pﬁﬁ%?o%ga@?trﬁ’é‘?éﬁe‘ih'ﬂé B%hPo. A 7o rmissletN® BFdmosnik et
e nodul ati on equency 1's the frequency at which
al.asetitied! 'vepaatuseiot gaitihg emnaiskidstis soerolemamd UBtpatents
the wavel ength of the |aser beam which renains
disshesingtsystemgeans aethods fablagestmissiler aslems: b gararal, the

fall within a definabl . .
195 BREY dS iRl Sl aIbe PIEBREt: HEd: sty R rGEangyes in a

pf@a@%#g:ﬁﬁec‘ecgrwéﬂfagbtgp 4 ekl lred &t BARIGHEMoRilatiBA frequency.
This specified area is used to guide the missile towards the target. The
spatial encoding can be achieved by altering the modulation frequency in
various spatial sections of the specified area. The spatial encoding can
also be achieved by altering the amplitude and wavelength in various
spatial sections of the specified area, or by using phase modulation, on-off
keying, frequency-shift keying and phase-shift keying, all known in the art.
The modulation frequency is the frequency at which laser pulses are
emitted from a laser source, and not the wavelength of the laser beam,
which remains constant. In general, the modulation frequencies used fall
within a definable range.

In general, a user launches a missile and positions the aiming
cross of the laser beam on the target. The back end of the launched

missile has a detector which continuously determines a particular
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m ssil e has a detector which continuously determ nes a
particul archaracteristic of the |laser beamhitting its
whawk/oertsl The det ector provides the determ nebPiCT/IL2005/001258

particul ar characteristic to a processor which

Rk SHPeRS o  eh TRA BB3h o RSl provices
LGB PSR ETARASENo L B HOEBUAS, Blch Bprormines

WGBS B MauRtedd t hidsild idaBeatdPupr Aslatibg fanrBet tarégt.a The

user continuously noves the | aser beam the |aunche
procsddor thentprovidles instroictions to kel as-&oapd dightadampster of the

trying to position itself in a particular spati al )
lassiahiesh nissilar do| chang® dignfliahi sdireciarsi f nesessamg aWeh that it

difficult tq detect, because very.l ow r| r
ngpgs Sdaes TaiaReth o b e cBHaPELRY Flovgdiie 388Pboam,
VRS B P EDRGRUOLEYTLIBKs e 8ar bkl By to
pBsitiem itssitlRt £ pabiicdlad epatitlosectft bf thevdser denmf

intensity make it difficult to differentiate between

det ect ebaseis enissibaray sigmsdarte clidiguHolos detetirbeeauss very low

TSI el BB e
S P 5 6 B¢y 8 AESEAS A I Siher

HEIOLG iﬁt@nbﬁ%‘lé@l'df NVGIsY detedied By o betaviesi Sacheadsevels of
towards the target, the spread angl e decreases and

irdeneity inadkey it difficsltito diffdrendizis detiveesndetestadhlager beams and
During the injtial seconds when.the spread angle is . .
detasteflancise. Rurhermare, lRar MISSIB SO mSATeYRY Porerditicul

PSR TS0 SEL, R o e

t@}lﬁéfﬂé @ 4R BEcAYSE el BRgld diStisPrgneadsot Qﬂéelaser beam

I's rati o reduces the deteCted intensity of the
(e radadyev epreddarmdekris | inkiallybeary latger. ebds ghei ngssitee heads
| aser beam an even cl oser resenbl ance to noi se ,

tewarda the/dargetotheg sherad angle @@&W@é@%aﬂ@ﬁsmﬂ%{h@moms in
aﬁfg %&L'g\égllﬂgﬁar% grﬁé“;g?é%ggDﬁﬁﬁb%ﬁ% ﬁ\'rit?alkgéoc%cfsnwhgﬁ tﬂretspread
angle is very large, it is difficult to detect and identify the laser beam as
originating from a laser guided missile system because the ratio of the
intensity of the laser beam to the area over which it is spread is large.
This ratio reduces the detected intensity of the already very low power
laser beam, thereby giving the laser beam an even closer resemblance to
a noise signal.

Very low power laser beam detection and angle of arrival
determination systems are known in the art. US Patent No. 5,771,092
issued to Dubois et al., entitled "Wavelength agile receiver with noise
neutralization and angular localization capabilites (WARNALOC)" is
directed to an opto-electronic device capable of detecting the presence of

a collimated beam of very low power radiation and determining its angle of
-2-
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i ssued to Dubois et al., entitled "Wavel ength agile
receiver wth noise neutralization and angul ar
WO owaloézat i on capabilities (WARNALOC) " is di r e BUL20€5/001258
an opto-el ectroni c device capabl e of detecting t he
presence of a collimated beam of ver owe . .
arrivgil andowavalengsh e rifiend@ygcetiaclagigsea Pa@ﬂy §ar 'a&if‘dOIotlca' filter

\helgﬁp\%@h fare G\q,ﬁre%ﬁﬁﬁﬁ';lg\ﬁggf ssﬁéfrpﬁﬁhtm%ﬁlgﬁggﬁ over its
B Il S B g i on
rddidiiah idefester etémientiresaoh duadzantofithalelmmigadéd detector.

el ongated detector. Radiation incident on the filter
wi l | prBﬁdtﬂ’tIQn/\ﬂJ’I@d@lﬁir an henbliis Wit Projechwei errargie images

ob i P bt GRS B Pl B e B B P in separate

JBERt D e onBerBE LR g FA S —
chfl Iﬁ fkedtieddetdrmineansi wiavelenyie cﬁlthegatmhcdﬁt @me@nmage is
while the second image is projected onto the other

psojdeteaf ontreonbmidatddheelengaied deisetor, ojlila #ie saeged image
on the el ongated detecto

SPigiastcgerRicaial offrisidet dBRcPIPheged Sl ok projected

froamth r
padR Rt da AR REE el o STind e bR SiFerated
e R raen ghlegoheaited sy the first

bgfﬂqiehéé eam%@aﬁ g?lﬁgﬁé SUI\/I\ERg\YtIgjéz %E DI SCLOSED ‘W

in&geNoQuidude ibackgraunc cioiss. tmm@M@@mn@mnmmthe two
to provide a novel nethod and systemfor déia rFF'% h

differepae e signaldwi cdeierming rthea dingle o AT AV gam of
t he.angle of arrival of the radiation, which overcones

r?‘ﬁl‘@“@ﬂsadvant ages of the prior art. In accordance wth

t he di scl osed technique, there is thus provided an
apparatus for detecting the presence of | ow power

radi ation originating fromat |east one source. The
apparatus includes a radiation sensor, a threshold
detector and a counter. The threshold detector is

coupled with the radiation sensor and with the

counter. The radiation
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sensor detects incom ng radiation and converts the

incomng radiation into a corresponding electric
wGar@emb778The t hreshol d detector produces a potRCI/i2005/001258

threat indication each time the electric signal

exceeds a threshold | evel . The counter counts EEhe

nunber of SRHVIMARY| OF T HE: DISGLOSEBNEEGHNIQU

potent |l At gt 4 17 e Lo TBS SOH e M5 OB novel
bR 3 LS od BRIt HBiRakeFaciaton

art Begdrndhird ehélapgleo st drieainel thessadidgere, whidhosercomes the
provi ded an apparatus for determning a direction of

disadvuutagesrafdhatprior art.i gi nati ng from at | east one

source, with the radiation arrivying, essentiall .
col | i nﬂﬂe@.cc¢ﬁ@ar§@pa‘f"5{1u§h‘? nél n’[é&ﬁ@ﬁﬁl%@, %Q?re is thus

oGk IR 38, SRS, el SERERELUR etk S fpciation
oﬁ%héﬁﬁ%Q%ﬁcéﬂeeﬁﬁ%rﬁb RORFES S 0T he BpplarafifscHoi@Es iasradiation
coupled with a respective radiation sensor and with

sdriwor] i dgresthiodd dstablozr andhe ¢courder. deéhecthuesheld detector is

coupled with the integration enabler. The processor i .
caupled ewithi the sadiation £8BSPRHESYH Al §h%rﬁpwrﬁ@r-t hﬁ-Eﬁt radiation

seffRor Sefpiats BirodanaPOfa® P el R R ALt into
al QﬁééBBﬁgf‘ﬁg‘!é?é’ctﬁEesgﬁli NoThY §hreABIY rdélicetdODroduces a
sensor detecting at |east a respective portion of the

poteqdal trrehaifiditaiton eachitimd themletthie sigral exceddiea threshold
radi ati on sensors convert the respective portion

levee Thecetunier souats Bie nemgoer @@@@t@mm@ne@etir_m@aﬁéns within

a godenyaldhieghBine Raaon b Bufe: RUiREL A Stinpication if
- nr eat’ “Uet B _

R PBSEET BB B0 HAERAHS, U08, potoni

thirasl Whiepei6d osxticeals @ thiatambuet s of el ectri cal
signal s integrated by each of the integrators.

Accor diAccarding tuensthenappect of thendisgiezgdteehnique, there is

t echni ,. th is th i ded . d [
thier BEOYIAGh RS FPREEALE Tor I BINAG | ReORERICH of low power

radiation originating from at least one source, with the radiation arriving
essentially collimated. The apparatus includes an opening, at least two
radiation sensors, a respective integrator for each radiation sensor, an
ihtegration enabler, a threat detector and a processor. Each integrator is
coupled with a respective radiation sensor and with the integration
enabler. The threat detector is coupled with the integration enabler. The
processor is coupled with each of the integrators and the threat detector.
The opening receives the incoming radiation. The radiation
sensors are located at different spatial locations behind the opening, with
each radiation sensor detecting at least a respective portion of the
incoming radiation received from the opening. The radiation sensors

convert the respective portion of the incoming radiation into a respective
-4-
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radi ation originating fromat |east one source. The
met hod i ncl udes the procedures of converting the
WO pons71gL radi ati on into a correspondi ng el ect PCTIL2005/001258
signal, determning an intensity level of the
cor r espondi ngi_ electric signal, and producing a L
elpetrignsignalt hibgt intagraters dntegiale thaeraspedciivecelectic signal.

T dhiRas I RET: Beleiimet vartss BUf Piof e Rufijent jjdiEaton for
ez{%‘?\t Jutbeled '?ﬁr"e%lg. | e %ﬂo%@%s%tdﬁtérrﬁh% QAL dlrebiBigadt the
I'me period, an t i the

produci ng a reat 1 ndication i

radigtisr astorimg tedhoairapundd of bfexdticalnsignats msgrated fiyneach
the potential threat tine period, exceeds a threat
ofithedetegrataysdi ng t o anot her aspect of the discl osed

EJIZ? g:nm ue%%egét%déffgb%iﬁ%b%‘éi ggﬂtﬁ?g&%ﬁq?%%ﬁ)%ique, there is

thpﬁﬂ:& | Uy arhgt a!(ﬂgdéféiﬁi’.n .ttl’nleeﬁr%tse‘i’l‘%;%aﬁfyw%om)@rtihcoming

I'ncom ng radiation-arriving essent

ragftidrimetigshatifie frewh hadidage lotesotuise. pridee dnetwdoincludes the

receiving the 1 ncom ng radiation through an openi ng
proceduees | efasonvedingadhat incordinge cadiadicindnisr aviagiregponding

the, incoming radiation qQn the radi atjgn detectors,. as .
e'ﬁ@’&fﬁe&'@i"‘@é g@‘@é‘f“ﬂi"ﬁlgs@@H%\Teé‘.s't?‘ﬁgvﬁg?i]gt? or @?Qpnamg electric
.includes .th c fi 4 ' e 3 :
SRS, AIFS 08 BRB RGN SRATLRARE Bk e electri
sigﬁép@%e‘b&d'aatth%srﬁ?ﬁldg'lé\?él?d TheMeethBHeaugRéNdncludes the

ource, and determning a direction for the i ncom ng

progddatésnf dduntihg ihec noimizer eldpatdndial dhiegitrintieatibnewighin a

t hr eat eni nE source. The radiatjon detectors are,
potestiakthreahtine pedodpandmyodraing a tgatingdication if bgspumber

receive, differe anqunt f e} ' radi.ati :
off §puBlad drpblia taEoncheftione WiRGH e el fffeat time
D ﬁ@di&c%éﬁéW&? nees upon receiving a potenti al

thréeat 1ndication. e direction of the

I nconi Nicestdiatg tanstidet aspecied! the disniesedediitique, there is

respective anmounts of incom ng radiation inpingin

thusoprovidedad anpthodietosc deternBRINEF thesciygstioon QBF?OIVHEPOWGF
A S T LSRR, BT S SPGB nggming
rafS63 PhAInG 2k88ehflafiPNicblith4i@d. W thhe method includes the
procedures of receiving the incoming radiation through an opening onto at
least two radiation detectors and providing the incoming radiation on the
radiation detectors as respective electric signals. The method further
includes the procedures of integrating each of the respective electric
signals, determining if the incoming radiation originated from a threatening
source, and determining a direction for the incoming radiation, if the
incoming radiation originated from a threatening source.

The radiation detectors are located behind the opening and are
configured to each receive different amounts of the incoming radiation for
different directions of the incoming radiation. The integrating commences

upon receiving a potential threat indication. The direction of the incoming
-5-



the drawings in which: Figure 1 is a graph depicting
| aser beamintensity and noi se as functions of tine,
w@oshe118t ed i n accordance with an enbodi nent PET/112005/001258
di scl osed technique; Figure 2 is a schematic
ilTustration of a |aser guided weapons detection and :
ragliafien if datermiaeddey sompaiingd the yesRactv@® ABIQUINELS 1RFgMING
operative. in accordance wth an %gg di ment of the
ragliaiqT BN HPgneneragiaton ot et i o
illustration of the |aser beam detection nodule of the
systemdepicted in Figure 2; Figure 4 is an
illustration depicting the changes in a shift-registry
as it corresponds to a graph depicting the intensity
of a | aser beam signal as a function of tineg,
constructed in accordance wth an enbodi nent of the
di scl osed technique; Figure 5 is a schematic
illustration of the |laser beamdirecti on nodule of the
system depicted in Figure 2; Figure 6 is a graph
depicting the on-off state of an integrator and the
anmount of el ectromagnetic radiation integrated in an
integrator as functions of tine, constructed in
accordance wi th an enbodi nent of the disclosed
technique; and Figure 7 is a block diagram descri bi ng
a met hod operative in accordance with an enbodi nent of
the di scl osed techni que. DETAI LED DESCRI PTI ON OF THE
EMBODI MENTS The di scl osed techni que overcones the
di sadvantages of the prior art by providing a highly
sel ective | aser detection and angle of arrival
determ nation design. The selectivity of the design is
achi eved through the use of a plurality of filters and
a probability function describing the chances that
detected electric signals correspond to very | ow power
| aser beam radiation and not to noise. The highly
sel ective design allows an angle of
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arrival determnation systemto only integrate
detected very | ow power |aser beamradi ati on and not

Wa@lei0e06761 noi se. I n general, mssiles, using aPCEHBE005/001258

gui dance system are |aunched at distances which

require about 10 seconds of flight tine to reach their
target. UsiBRIERDESERIGIION QJ%ITiH:ﬁQRAM\éINﬁSJSGHCG of

R T L TR L el
h i b {eci .
oA gL L B iy e ciragiy v

tHeSdPaviihgBhin 4@MCAt i ng | aser beam intensity and noise as
functions of tine, generally referenced 100,

const r Uéigede i hisaacgragindepiating lasee fased intensdy ame noise as

di scl osed techni que. The hori zontal axis of aph 10
funogioas ek §ma,nebasEigtRd IneRpseisRNGe Wiy g ephObpent of the

represents kntensity. Graph 100 depicts a | aser beam
dl§Pg%—9de*f6 M#¢a noise signal 104. It is noted that
graph 1

A i§ e echbhtalc Anapaton bhe kRR¥eglided aaapons

g]ugﬁ.

apparatu ich measures the intensity of a |laser beam

detddtioni ewmict aregesby areiralirdstanyinadicre syisteral sconstructed and
recei ves. As such, the graph drawn fr&gé_ucr a . )

opetalivednercarrncewithiad espbgdenentaf the digrliagediaahnigue;

bna thorIGRBg i i SranGiEr ARSElah ot i FRYL B tkfection
rﬁ/&j&ﬁg of megb,g}g,f]aqﬁgg@dﬁﬁqqguge of |aser beamintensity
an ve been

nol se srgha eparated into two _
respect Figeire U iean illasteitidredepistiogaheldiangesairvarshitioagistry
power signal. As such, the nmeasured intensi teé | evel of .
abdbeorreepands gaa grapgh idepigiing the iensity of Relasear feamesignal
measured intensity | eyel of.noise signal .104. Noi.se .
ag; %f{anctm qfs’f'@ﬁb&toé"#fiuﬁtef@ iny aqrordafes Q\QE@ idgh &F‘f“%d'me”t of
' :tlnﬁ‘é oi se signal 104 isn't correlated to
tﬁlgelggral eam&}m gn V%OZ and is thereby present at all
wavel engidifre a5 ds aangchiensigic ffusiiegion beahe Jagerbedd2.direction

The neasured intensity |evel of |aser beam signal 102
maduly wf dlae slystemadepicteskins-igese&; at ed with | aser

R A s Mo B e
the amount of electromagnetic radiation integrated in an integrator as
functions of time, constructed in accordance with an embodiment of the
disclosed teohhique; and

Figure 7 is a block diagram describing a method operative in

accordance with an embodiment of the disclosed technique.
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106, which is set above a predeterm ned val ue
associ ated with noise signal 104. The predeterm ned

wo adogeevan be, for exanple, a proportional PCT/IL2005/001258
mul tiplication of the intensity |level of noise signal

104. Threshold | evel 106 can be determnm ned by using a
or obabi DETAHJERI DESCRITEON OF HHE EMBGDIMENTS

e o) 8o S PHATE el e ARBRARTRfs of ne
ol H8,0 PLORAEY SABRE, TR, B ccsarmibe dngingie ariva

deterfiinafondiestgl. Theadtletiuty oliredesigatis evhioved threugh the
the root nmean square value of a filter output noise

useof anplurality of filzrs andhe probalitity tinaiionedescriping the chances

5] detoited eleaiior sionelRRarESHRTI dac A PrGROWE! [Ser beam

UGG TP, TR AT e o
aﬁg}\?l‘e{dtﬁ@?ﬁliﬁ\él%h istemst@ly liffegiaes ddterred Weghiold power

el 106. Reference is now made to Figure 2, which is
|z r iDdams tradidtiom ahd andt aketectpd deisevnelnpgeserdd; missitas, using a

a8t @ﬂ;ﬁég@eo %y%%ﬁ%‘gﬂ%@n@e&%%icﬁg@%?.tss\@”%ic%epeec{uai}e' fbout 10
R TR SR NN o W —
t%&%&ﬂé&zof%qﬁrﬁrl?ggﬁ%érﬁé is?@té?ﬁ%r? bbldete’tted,lgr]d the

er contro an 1 ntegration enabler 1

ahgkeof hahmal diteaiibsite bethg guided tupltarhet by suchra eystem can
controller 116. Counter controller 116 is coupled with
berdedgrmairiash véhitpthe migsile isnndljght.i on enabler 117 is

o cohbit ok Boub i el CEE DA B o ericing
R TI pc, M5E o AL Bt Tl g ence
108di@instiuctdd imclcedesarvss ywitlovapovmbddisent reiditiae i disclosed

originating froma | aser source (not shown), for
tectamquie. a Tihes dvoriziostall axisy of egrapind ORoreresegisltime and the
vglr’t}c iI g?(gsl g? gfr{u(::;ﬂ”vo%Ir iré)ﬁjrgésreﬁgsi %tgﬁgitﬁ.oﬁr%%% quldepictS a laser
beam signal 102 and a noise signal 104. It is noted that graph 100 is a
theoretical graph in the sense that any apparatus which measures the
intensity of a laser beam will simultaneously measure any noise signals it
receives. As such, the graph drawn from such a measurement will include
only one curve, which will be the superposition of the measured laser
beam intensity and the measured noise signal. Graph 100 is a graph in
which the simultaneous measure of laser beam intensity and noise signal
have been separated into two respective curves. Laser beam signal 102
is a very low power signal. As such, the measured intensity level of laser
beam signal 102 is only slightly higher that the measured intensity level of
noise signal 104. Noise signal 104 is substantially a white noise signal,

which means that noise signal 104 isn't correlated to laser beam signal
-8-



10

15

20

25

not shown), for exanple celestial electromagnetic
radi ation, like the sun, distantly |ocated | aser range
wo pevdeewsand the i nternal el ectronic conmponent BCDIL2005/001258
system 110. The intensity level of incom ng radiation
118 is simlar to the intensity levels of |aser beam
109 gqmal isLdbecabyypresant abdlhovaelengihsl andsammligudes of laser
. Incom radiation 118 jnmpinges,on |aser beam .
besn e 1R8auT 6 1oasied HReRSRE el toBsed Fem signal 102
. 4 o , |
s dyiipd] B bS8 BEinfs £ B0Rlal PO B o gt fleepobiystems,

suchcagiaser aflssid efstbh¥s. ot @iptat ed dis®mautibseatierishold level
source, for exanple a laser mssile system or froma

10&nwhicteds esehqbsver aeprdédetesxing &/adueoaszociataccavith noise
Laser beam direction _rmgul ? 114 rece% ves 1 ncom
t

sigial 04 ol Na PradateBives MaNACanRe olQT XD < Proportional

el.ectrj.c Si l. f : u
miEbalSn SR i SRR Ielerd SREP S BN dfirédtold level 106
r i i 0 iR
B A S Ry e 19 fala® alamms, and by
appyingetheUntodel etoed \simgleapplseeot aglulséd darmsiagesalbeam signal.
counter controller 116 provides a potential threat
Fasi gkample, ithe aprababdy anoge! danialse alermsysigyeloped by S.0.
receiving a predeterm ned nunber of potenti gl thre%t .
Risegean He vaedgr Hie avesagn falseraarmy F%@t EABeaﬁYe'Ope by Rice
. di.rection nodule 114 to process the electric signal
'S(%Y%%tsed thereto and determ ne the angle of ar?i val
of incomng radiation 118. It ig8 noted that system 110
can determ ne the an of lrrpwal of inconing (1)
radi ati on conming from mul pighe sources (described in
further detail with reference to Figures 3 and 5).
wiRefee k-eiscan iinpubpuiseddutadioRi(gyr € i3, thehiodt mean square value of
schematic illustration of the | aser beam detection
a feH|uitplit s rubEht( Bhdure i2)thegbinesiadldy valkelee ok acdetector.
112. Laser beam detection nodule 112 includes a

Tiseebidievdll 186 chidalsa bé glitemnimsor by Aaid daeswydor akample in
filter 128, a threshol ddetector 130 and a

brehidf dayligits tTiyresBeld kgyed 104 isfusadeto seutheapraakility of a false
alg?{{g?{]i Zertg'%g@gg{@g{er%r?sdﬁfﬁncetc} as AP OULSrrdtize SEhef notse signal
104 goes above threshold level 106.

Reference is now made to Figure 2, which is an illustration of a
laser guided weapons detection and angle of arrival determination system,
generally referenced 110, constructed and operative in accordance with an
embodiment of the disclosed technique. System 110 includes a laser
beam detection module 112, a laser beam direction module 114, a counter
controller 116 and an integration enabler 117. Laser beam detection
module is coupled with counter controller 116. Counter controller 116 is
coupled with integration enabler 117. Integration enabler 117 is coupled

with laser beam direction module 114. Laser beam detection module 112
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sensor (not shown), coupled with a spectral filter,

for detecting the presence or absence of sunlight. In
wa@pooentosi ment of the di sclosed techni que, thePGpERDOSAI01258

filter is not included in | aser beam detecti on nodul e

112. Light sensor 126 converts |laser radiation into

isdasasbeshtn fustharslatail in Sigwea 3. Leisghbeseniiectiop madule 114
. b f , hot adi od T I filt 128
s fescre SIEEEr B0 PR BES Teacn addressing
di ff ' ' .
Chr scr e LRESaplal dReE TIARES EATRw pover lagey raciation

orfigiBatiag eni eplaserrdadcef @rotestrovah ), fousexagmple a laser missile
conparator (not shown). Shift-registry 132 | ncludes a

sysitamal ang nstise sigraler origsmtiing ireer vatiwusssdiatiag sources (all
regj ste an store a "0".hit or a "1 " bit, . Shift-
nGSghduR). ibeiamnk SelantialdleioBpdinyicaiariaiOtaliis tae sun
: nt i h e a N ‘
ISl ISR o8O fengh FRUSETSRS them TR, itonic
cdpbReaus of speimal 1d.i IRy ifkdAsity I dfeacvhiiiglradhkition 118
sensor 126 and is located in front of |ight sensor 126
istsimikreiov the rtensity leusksr of datiext bemml signali R (kiguwser1) and
126 is coupled with tenmporal filter 128. Tenporal
nNQiset signgbe Q"s?aﬂh&b’ﬁeiﬁw'f‘ﬁOfTH'FerﬁSIFQ}'%ﬂe@ §hpigss on laser

Thres det 1 S upl ' shift.-_ regqi
o5 BuFL BRI 397 SaRRUBSEE et “Bikiga FothAY 114
siffiidrRldudly 118aséin eeh hesteefBAIMERIe of 12 Natets SHIcO$86kived
technique,” the locations of a tenporal filter and a
radieitéanand deteemings whether srcoatngwadiation i dBtorsgnated from a
coupled with the threshold detector, .the threshold
thiealening seumedial taxample explasar missite syrlefmeor from a

G ERHaRgn s Gircn T EXatipid s soiEe: Leishr pegm direction
m%%lglie apﬁptréé’%ivfe%;l ih%brﬂiﬁé @i&ﬁéh Vely ld @epvERSOINENBadiation
ra 118 o e

Iation speci wavel engt hs, i npingli ng upon
intd sasuelentdc signphss Lidserebthmputdtection enaduglee 112 provides

spectral filter 124 may only allow i ncom ng radiation

patestial tiragd aigealgt scedniessguimlieg 115 wremdveoming Frdiation
11 é ilsas‘f’t?srpgc%ggl troa%ia%tei Sﬂgina’ced from a threatening source. Upon
receiving a potential threat signal, counter controller 116 provides a
potential threat signal to laser integration enabler 117. Upon receiving a
predetermined number of potential threat signals, integration enabler 117
directs beam direction module 114 to process the electric signal converted
thereto and determine the angle of arrival of incoming radiation 118. It is
noted that system 110 can determine the angle of arrival of incoming
radiation coming from multiple sources (described in further detail with
reference to Figures 3 and 5).

Reference is now made to Figure 3, which is a schematic
illustration of the laser beam detection module of system 110 (Figure 2),
generally referenced 112. Laser beam detection module 112 includes a

spectral filter 124, a light sensor 126, a temporal filter 128, a threshold
-10-
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associated with | aser gui ded weapons, to pass there
t hrough. I n another enbodi nent of the disclosed

wo ewbneT8e, spectral filter 124 sel ectivel yal | P@IBIL2005/001258
incom ng radiation 118 of specified polarizations, for
exanpl e pol arizations associated with |aser gujded

deteapwnd 30 mpichgl railipegistes 1692t acwedtealphiier tiz4 an be a

PQBEEEPal-apPr Bepnt sietonfin Sl 12ikaRcaRBapbilkl 8 tay-night

senddi éﬁ&ﬁ}‘?fo 6 ?ﬁﬂﬁ{e@f Sritia e’s?é&fréP fle¥"dbr detecting the
I'respon 0 e g

co g aser radiation 1 npingin
preeheboor Hisseticenalf gatlRynt eth ban | émblodireenbrof1#fe idisclosed
provided to tenporal filter 128. Tenporal filter 128 )
tesbhimite, vihe speaival Eltectisi pokiigakudect dar lasesnbeam tdetection
spatiaglly encoded | aser, beans, t ass ere. through. .
meRele dyZe HONEsRNSa 2ot is Al SgevRLON btg corfbsponding

oBEIENEACC) 0 S AT CHG, T et
Ty fri
di

jorsHites 128l malyomckide i 8 @Q?élit‘;]" by fiteeodeachsatdressing
ferent nodul ati on frequenci es, to fn, tenporal

di]tfblmlelr &S icicpratietesminedl sigisal tharacteristics (atindopasiwown).
ilter can be fornmed by conbining a hi ass filter
Thiashold odeiamtar 1190 cpaliThe bameTBEsied Tobr Stamales uging a

si gnal, wi,nd esfondi | ati : :
oqPERTaRbyRPEARETE SRty InfRAs T Pty of registers
ecishC to t byt ] 4 @1 bi
180 Goi o7 ey 0 BAER IUsiey (o dtore o e RS e Ot
Sh'mdi“?iistm 18P8campebsulssiitical by aayodeldde waipadplalof Ceunting the
encodl ng net hods, in another enbodi nent of the
nwnber oek dacsErancagse oft appevant, f far examplensy GalENtake 4n an

eBpsainentof due clisgRed R lnicliea Phaca e 2 is coupled with
li@?tIr Egﬁg’wq'%gahﬁ s W@é%’[’eﬂuhﬁrfrdi'ﬁt B8P%ight shdr 28 to receive
ncodi ng | aser beanms. 1n this enbodiment, the signal

in@bﬂ’ﬂh?_quép radiafional 18] | Light $2Bsbs 1H6 & tedplday with temporal
~denul ti pl_ exer (not shown), to the filter therein
filteyr @8ponkemportal filter ﬂﬁf%dfd couptedtwih dveshpldgdatagtor 130.

ORI Gblck 4D 58S, SR BEEY 1% Spitregisty
139 %s TolBd WiV L& NS dhel St 148t & Hridter embodiment of the
disclosed technique, the locations of a temporal filter and a threshold
detector are reversed, with a light sensor coupled with the threshold
detector, the threshold detector coupled with the temporal filter and the
temporal filter coupled with a shift-registry.

Incoming radiation 118 impinges on specitral filter 124. Spectral
filter 124 selectively allows incoming radiation 118 of specified
wavelengths, impinging upon its surface, to pass there through. For
example, spectral filter 124 may only allow incoming radiation 118 with
wavelengths corresponding to the wavelengths of laser beam radiation
associated with laser guided weapons, to pass there through. In another

embodiment of the disclosed technique, spectral filter 124 selectively
-11-
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If the intensity level is below threshold | evel 106

(Figure 1) , the signal is considered a noise signa
wa@nweier7abandoned. If the intensity |evel is apCT/IL2005/001258

threshol d | evel 106, or above threshold Ievel 106, the

signal is considered to have originated f

allbsatireoming dadiaticnd torefs spegiird dé@'éf'za%@@n%r &9F dd@ample

PPl Sl Besoriate rOIE bl cbiped 1 §oasaREa nfRihg upon it
Sh%‘f%%e()fto ﬁ%s%ayﬁé’i‘é ttﬂﬂ)tf@ gniﬁécﬁﬁlﬁd;qaﬁﬁtﬁiﬂﬁ'f% l1gwe! passes

com atl on bove t hreshol

th®glh é@@ctré’ Iflesyhoe 4l n*npk?esl@ﬁ liRfnt demsoeti@n hglht sensor 126
enplrlcally through field tests of system 110, for

g@mgmss am elecird signal ehrespendiach leser yadml@@glm@ngmg
probabilit f f d
R ot S G Tt by Tt B, /RIS o8 bhhporal

0P AR, PR, SRy e
ctP QobspaRaIPRAEEEEHIRY leRPRdiPaer tHere through.

scenario system 110°is used in and the type of threats
Facdt eypd 16 ispatial dertcadling | coreespondsli toe at prﬁdet&emlned set of
di scl osed techni que, threshold |evel 06 IS
smra@dcwﬁgtenanqsy F&yegxample, eitaApl @ mpoagiment 1 fh@ disclosed

R e 1 96 B, P55, v
n%dul got oﬁ%ﬁ??ﬁé‘ie%eqmb queeniptsief 128 ficlddds issband pass

vari e erent sensi'tivity |evels depending on

filtee. tThie bzfnoblp\asbafﬂ’@r dwxabedemrstd by coysbieind a2high pass filter
used, for exan];pIt a_higher sensitjvity level durin
eﬁ

artek addgw pAgs s Ehergandrpass | i Cé@t@ﬁﬁ@l@ﬁ al window

T 1 A S I , o
atlodd B9 @lecp?at‘f s@‘.él {cﬁ K89 PEPE thpdudh il Md idédtric S|gnal falls

every re Shlf -registry 132" contalns a

viAtHin tﬁ@C*ﬁ hialMviadeaunSince I‘rﬂmmtrg eadiatibh 118 rbay sbe spatially
shift- reglstry 132 are shifted over by one regijste

axiaddechesibgt difeserideneodisgi meshodS6iK @@@iﬁ@r\ﬂmboewnent of the
ma§aaft@pha%t%@§p@%wﬁs G il SRRSO gl rers
457, O TSR HE P94ty s
d‘e‘ﬁk%;idlﬁhg to a particular method of spatially encoding laser beams. In
this embodiment, the signal provided to temporal filter 128 is directed, by a
demultiplexer (not shown), to the filter therein corresponding to the method
of spatial encoding used.
The temporally filtered signal is provided to threshold detector
130 where the intensity level of the signal provided thereto is determined.
If the intensity level is below threshold level 106 (Figure 1), the signal is
considered a noise signal and is abandoned. If the intensity level is at
threshold level 106, or above threshold level 106, the signal is considered
to have originated from a threatening source and threshold detector 130

provides a signal to shift-registry 132 to register a count. The signal
-42-
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nodul e 112, each time a count is registered, all the
bits in shift-registry 132 are shifted over by one
WO e@h®tE81to the left. Shift-registry 132 regi BCBIR005/001258
counts for a potential threat tine period. At the end
of each potential threat tine period,  cqunt

pb%lgtie? to @hifi-gegis@yet@ gan hs asydype & imdicaté‘gﬁn daat gignifies the

. 62 136N to ".0" bits, . i i

rtanrty lavel O s nihiradiatiopot Bhig af of ABLYE i Md Py 106
t 4ot P

TR D08 1 6 o SR olSHOLAE 1R g st o

sysepe 10, ter @(é?h?leémb@baadda\yItJhtr efr enatitemtticallguhough a
. The potential threat tinme periodcan be, for i
pectaatility, raoded | idrsdaleadslames, snnacsordaage swilbe thee desired

SBnsEvi JRNRI. O SstemnEn Slee tisshebflErer 105 GltahfAly sets
Wy CE3ERY B USRIl e i e 105
neeHsaeshe esthappirdriabRddependmg ieaiecaganousystenr 110 is

not . Since the calcul ation time of whether a beam of
usedaniangl tredtygie ohthoeats spateth fid Orisdotdeteat. el ag embodiment
source or not is usually

okithe idisdlenad  techBigyeo BARS Q}@qgﬁgl{ ?5563 %@i&ée%vif ReqLesitivity
i ati il i i . i )

S35 351 el SRR ST RO BBl e

d}%g?;;%ﬂon Mesduief 14 bejnt Uﬁ‘lécf %@mlggh{.o% Eﬁéﬂ‘ﬁeroérritml“cm?ﬁg of the

adiation arriving at [aser am det ecti on nodul e
diddidsert téaieniafuet i thieeshuldrieakh 1 0fp i edritdr teemiffgent sensitivity
apart, such that |aser beam detectjion nodul e 112 can .
lenale depending tare the fiene afi day dase)r bgarudeteatiosysystem 112 is

t hreateni ng source.or not. As.d i bed. i ' .
o o RasEnSBeciighel Sen RobGRIel 18itd hETHAT hen it e
N e : S 1 :

Sty BHPL BRSSO A8 00 B during the day
wheh s ers gty nSHhifewsgietrydi82 negistersdaygoant by stogihg a 1" bit in
when incomng radiation 118 is in pul sed wave form _
repistar H364 i Irikally, Bvery segisten inf shifteiegisiey 333 aantakisor 0" bit.

e bSa $ 0t ST ORler B 2L 1 S TS € are s
VP E e FGisTEARIFthd BR StBRe@in 86ishsafE6IBehPvrten over
and a "1" bit being stored in register 136;. The shifting over by one
register can either be to the left or right, depending on how shift-registry
132 is coupled with threshold detector 130. In laser beam detection
module 112, each time a count is registered, all the bits in shift-registry
132 are shifted over by one register to the left. Shift-registry 132 registers
counts for a potential threat time period. At the end of each potential
threat time period, counter controller 116 resets all bits stored in registers
1364, 136, and 136y to "0" bits. Alternatively, or in addition to, the end of a
potential threat time period criterion, other criteria can be used for
resetting all the bits stored in shift-registry 132 to "0" bits. These criteria

are explained with reference to Figure 5. The potential threat time period
-13-
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passi ng vehicle, from pul sed wave sources, for exanple
a laser mssile system besides determ ni ng whet her

WO pwens71g1 radi ati on 118 originated from a t hr eBCBI20¢5/001258
or non-threatening source. It is noted that the sun is
the strongest source of continuous wave radiati

cambendo msans, d ilzennndpulis neted dhabsnoe thengptential
) t.ecti. dul i

thipat (1876 REBRME iR ROt sl RLTR SppEh, ser beam

d%%gﬁé‘b SRoBRIS 42CEan %téﬁgié} é&%rﬁi%nyaéiﬁﬂm@%emw;ﬁ Qvhether

ncom ng radration I’'s’in continuous wave form
vdrfous bewh®d of iceoThitgy Fadiadibhoeoldifgifsomomiiltipleusowees, each
infrared radiation). However, this determnation is
ongisatdd frommia thieaiénjng. squrcener bake Simee dhe eaicwation time of
gavefo mradiation is detected. at .ni a,li
wethssia b

eHsra GEREN & HICHRRING AR afwtéerg'%@p% Harie%géraiag source

of i 350ahah3h6 et LA LRPER yspeone probaviy
tHe@ TR BB arhs! dfefadigtidiPillaftve Sit teserabd@mpdesialctibnl hedule 112
I's used to differentiate between pul sed radi ation

withingarfewi ngcfosecoadsiofeanenathsois very amallbuMasi of the time
radi ati on and conti nuqus waye.radi at.i on o[i

) . [ ti .
thier BaiiQUS BIRAMS <t IBRPAYNG JadkationrardyiBdcat asti e etection

i 2t gy s S B B ey
leSpr ;B?é‘.ﬂr H@E%B;mﬁ Iﬂ&ilﬁegﬁ #pNcARPASTEN MG RRhetHe el Yadiation

aser m signal as a function of tine,

odginated from ef #reatedind 6Ourcmwstoict ed i n accor dance
w th an enbodi nent of the disclosed technique,

Th
hor i zonhaldesaribesk ingFigitresed angdedaseisbenmk detactian module
rtical .axi h, 160 ts i '
1180ohesyein 3 11h. BaRDaetPunlyRel WM, SR AR Lindid 118
oﬂ@i’n%‘?e&!f%ﬁ' & tXéréé’l%rnHJ?@ FE8N®r 6% hSnénMRFdateBMg source,
power - si gnal . such,“the neasured intensity |evel™ of
dLudag§theedy o gnalightvhen imtoming gidibtiohi gieis irmpulseltewave

measured intensity |level of a pure noise signal 164.
faemaprSpecrall ke Azdutemperahfibendi2$ nradeihregholdfptastor 130

B8 RO R LB AP T 225 e petweer
continuous wave sources, for example, the sun or the headlights of a
passing vehicle, from pulsed wave sources, for example a laser missile
system, besides determining whether incoming radiation 118 originated
from a threatening or non-threatening source. It is noted that the sun is
the strongest source of continuous wave radiation during the day, which
contributes to the noise signal. Laser beam detection module 112 can
also determine whether incoming radiation 118 originated from a
threatening source, or from a non-threatening source, when incoming
radiation 118 is in continuous wave form (e.g., when incoming radiation
118 is continuous wave infrared radiation). However, this determination is
possible only at night. In the case where continuous wave form radiation

is detected at night, a light sensor generates an electric signal
-14-
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for exanple, a proportional nultiplication of the
intensity | evel of noise signal 164. Laser beam si gnal
wasmeiemBudes four peaks 168i, 1682, 1683 and HGBIH,2005/001258
each of which corresponds to a particular instance in
tinme, at which the intensity |evel of |aser beam .
cosreppanding tosther lnaesr radiation Hmpinging thereto,1ged prayides the

SiGhRATS e B Heldobt” A B HG 1 10 3oL 4 ince
teﬁkﬁrﬁf fiRLr i&géé@% diﬁﬁ?«%ﬁ‘ﬁa’[@fbéﬂ}é‘éﬂ' 99@9%‘ FdiddOh JrRfiRating
stance In trme of shift-registry 170 corresponds to

fremeaothreasdsing 680 @, adf8gukked tdddtiolhand continuous wave
correspondence is indicated in Figure 4 by arrows 1691

raiiggtsqn aﬁgiﬂsaaing fidasa nem-tieataiieg Sopeetks 168 1, 1682,

a 84 tq shift-reqgistries 172 1722, 1723 d .

1724. {lkgﬁef@ir%mq%,,lseaew ragiis o FigTen; tWF‘é“& 15 4 Flgstration
. 0 "0 it et . 5 _

AR e ohaged i R ECOR S TIPSR (B RRbe °Fr0, as i

corfedidrink 8 b §raphbiésicang' thenietémdiysora laset beairobignal as a

and placing a " 1 " bit inthe left nost register.
fusbtion -of digne; ggnarzdly, refereresgabh@e, constiuciest inaecardance with

time when | aser beam signal 162 passes thr. d 166
Aol NERBCIasoR RPehALBan L B HORToEal JIiS ohgraph

1 @1}%@ rigg‘,et e}iﬁﬁ%ﬁ'@ géé Svt(gé’l;ié%lioa%ifﬁ of g;:r%[%lt[n yl G%V;A?{érﬁrélgcarﬁtts intensity.
GFQJ:% ﬁ%(? (#@éi@l% W idde&an pRweh ’sigﬁﬁl 362 supebiipdseddhv@iethoise
I the lTeft 17922

nost register. Shift-registry

signaksesbasds bbamasigre t B8R & Brveryriewwhewer aigmalbedsnsuch, the
signal 162 passes threshold 166 a second tine

d
meesutegdatensepdevet of Haser heeam&ional 164S @nlvaﬁw@ﬂy higher

tnhdfe ieSoprituSnShy 184 8 o' e, B, Sigal [ Fyabh 160

. n n H . | H .
I5pphfcs 2G9N Ielel oy wieh, B AE0ERCa." prgreigmind
vdlgetdociated. withirpisdisighalol @.eThesprediteanined value can be,

Figure 4 by arrow 17 1. Shift-registry 1723 )
foc cexarplmda propaitional amdsplieatiom®ivifien integsity deyeh of noise

sl Togs S aBa BERe! BHETICIER 158 Aek Mol Pefs 704, T 16,
ah & LI 5t Al IS MR 1@ particular instance in time, at
which the intensity level of laser beam signal 162 is greater than threshold
level 166.

The changes in shift-registry 170 include four particular
shift-registries 172;, 172,, 1723 and 1724, each at a different instance in
time of shift-registry 170. Each instance in time of shift-registry 170
corresponds to one of peaks 1684, 168, 1683 and 168;.  This
correspondence is indicated in Figure 4 by arrows 169, 169,, 1693 and
1694, which connect peaks 168, 168,, 1683 and 168, to shifi-registries
1724, 1725, 1725 and 172,. Initially, each register in shift-registry 170
contains a "0" bit. Each time laser beam signal 162 passes threshold level

166, a count is registered by shifting all the bits over one register to the
-15-
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register to the right, and a " 1 " bit is placed in
the left nost register. Shift-registry 1724

w@oseeends to an instance in tine when | aser POEHIZN05/001258
signal 162 passes threshold 166 a fourth tlne and

forms peakl 4. At this instance in tine,
”@J"’&, AanGh plaringedi st'ebd iar heydelt Anest F@G'&t@verSfUﬂéegls’[W 172,

cqrieenaRts 18 AT Fubll; i B ey i b 3rERQiES 62 passes

th?@sﬁéldr?% %hﬂyfoﬁ}% {)ﬁgk%@ S & RIHStBAEE if Hitke tél?the bits in

Intensity l|evel e S|g provided to thresh

theeterfitiers bBGhift-registry ab(O\e&etm&edjcd\mrlmlrng@fer to the right,
gure 1) . Counts are registered for a potentia

thh gt mbﬁbblb@ﬂ"w writternaveh aisl at'1c &Iritse?la@eﬁﬂn Bw tgft most

L St.r

feﬂlg‘@ﬁnﬁh\ @ngglssgm 2722 gpg#%p%?nhfgttogeﬁ?@stﬁéce i tirfe when laser
%% [@L ?as%fesa e%ﬂ@i 96695N8LESEd T AR 4nd forms peak
ning source, alt

oug the srgnal may have

168J. gimahRAinkiaR P tines,, alp@ss bitsyinnpie- téglsl@r@larégshlfted over
source. As the nunber of counts registered in a

opetregister ta fineaight r&nobar 1 10obit e daced intthe left most register.
bility.th h
NBES Hrutenttidp CplAceel iy ghaegring | 221 Ragr bk anfited over one

RIS T A Bab LR ST b8 bl 7 P19 Woy o

1PEL VBR- Fé’g|§ﬁ s{ poalcoreaiRpdedtduns kidtentd iR @neé when laser

threatening | aser sources inpinging upon system 110.
bdainssignabdbil pagseathtesheiditiéé adhivdrianiecand jormss weake168s.
P(D) defines the overall Brobabl ity of detecti.gn,
Atrithigi ingtaneg in Aeeed Al thaedbis Torhe e gisiers I shiltgdnever one

rels@ e gt §hd it bty RN ROISE et Poister.

Sﬁﬂ gl ﬁ?ch 72 OHbf’re‘sEbﬁ@'sew BE PR Wh!timBewREnfaser beam

ove t hf eshol d 166 (Figure 4), J 1s an index

sngnabdﬁ@pasmmmsl’r@ld olgthe fowth itldtalancbg)ra'ts-apeakf 168,. At
shift-registry 132, mis a Eredeterm ned nunber  of
thininatanaedadime oalbéhe diisdndhededisters are aggin shiftethover one

Sl AR B, ARISTI AR REphdth 1SHE0 Kt BHRSED
::g?;fgﬁgﬁrﬁngh}?ﬁl@r’té) lf@{‘u?'e %hlﬁ%%@emzo?eglsters a count
each time the intensity level of the signal provided to threshold detector
130 is at or above threshold level 106 (Figure 1). Counts are registered
for a potential threat time period, at which point counter controller 116
resets all the bits in shift-registry 132 to "0". A count represents a signal
that fits the characteristics of a signal originating from a threatening
source, although the signal may have originated from another, possibly
non-threatening, source. As the number of counts registered in a potential

threat time period increases, the probability that the counts registered

- originated from a threatening source, for example a laser missile system,

also increases. This probability is used by laser beam detection module
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terms known in the field of probability, mcan be
associ ated with the nunber of success, neaning the
wovhe6778f tinmes a count is registered, and n PERII2605/001258
associated with the nunber of trials, nmeaning the
nunber of tines, in a potential threat tine period,
11l Bctonidiftpreatinte ibeiwees neisgesignadel dejegiade by sstem 10 and

S R

(rjrgt ﬁre?a?ﬁ%ﬁ?b )Pf %’3 hgscltaﬁ';ﬁ% sﬁtgéé@?ﬁﬁ@éﬁg%@f a?or fal se

ialna:gsi. tSiePce m %f)ia%'sqfifj eqnhjreatngval ule, all counts ©)
S S, W "

tha_n ?n are f_actor_ed Mt o yF<>( D;Jn't?mﬁgﬂgg girng(raeater
wligdi® DT ERAEE eo Br Atop BV B AEGA Fitsfing that

BB ahOfrL R PR, FRI RS SN e 1, b peipfrom o
thrabteninghsodick, VAlisiehs atobabiitedsiiearngingié dyunisivigch actually

Equation (2). In shift-registry 132, the hit value is
ofigfidaaatirsmby tiirehtdningdiciires wil®e af ohabove thetskiold Bsvel 166

registers a count, then the probability that incomng
(Figdirat4)pr isl8ndndgkratreber correapondig tnithe indvidial iregisters

consi dered hi gh and systenll1l0 goes in a threat node.
oEablit-registry Hida, - r s pregetepmineqinsinaber af couwmts, needed to be

beam det.ect.i. I 12 | d ial th
rUIgHRLPaL B SRS Beoom B ot aHIaRT: W, eIy augh that
' I i e :
PR 8 (o 2L QoBR It SRR ROUR P HERITAT WA, @¥ronce to
Figazrehga‘» drRpi;stierhe AuadEr of fdisisreeint shlit-tdyisay 132. Using
signal "provided to counter controller 116 is further
ternes i kieowit dni thiee diedd | ofn peotzatbbiity, 147 qemi der @sgpciated awith the

enmbodi nent of the disclosed techni que, as the . .
nprdpRIbPf SHgCeRat MERTURY Ager%. roM BASoR| AU isgregistered,

fromat t eni. ' . |
ST A R S DB B AR 98 tner of
S A P, AN RN J e veriied to
deesrmhiee it dntilbrbgistdrla ddem. det és defieed ae thedit aalum or the

frequency of incomng radiation 118 by dividi n?
threat valué. The values for ¢ can be determiried by field tests of system

110, or mathematically by using a probability model for false alarms.
Since m defines the threat value, all counts in registers, with an index

number equal to or greater than m, are factored into P(D) by summation

since registers registering a count, with an index greater than m, indicate
that incoming radiation 118 originated from a threatening source with a
certainty greater than the certainty associated with the hit value.

The hit value can be predetermined by using Equation (2). In
shift-registry 132, the hit value is designated by a hit register 138. If hit
register 138 registers a count, then the probability that incoming radiation

118 originated from a threatening source is considered high and system
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the threat value by the duration of tinme it takes
shift-registry 132 (Figure 3) to register a count in
wheaosrneygsst er 138. The nodul ati on frequency i SPCT/IL2005/001258
determ ned in order to continuously verify that
incomng radiation 118 is still originating froma
11 Brgoasein adghsealr medendEasttirey shifiregistynb3g degisters a count,

BB B LR, RRetrh bl el gl Sl to

BRI TREUERRA Wyosn agyPpyticbty counter

ceftslal 1 Y6 rc%frﬁb@rm%dt)ﬁjb‘lof Irrtieatibe anaidsigaiflgsothatmhifteegistry
114 includes a plate 190, two detectors 192i and 1922

18achasedistered aloaunindThe ppiential thieaigignal provdad dagounter

capinliery 116 15 TUpPgr Sroused:te BRoaraldkeneplE b 1giopre 2). In
an X . ,

oo APRE 48 e, GRS e a08, PR IRy

iﬁ(gﬁﬁiﬂg%@iaﬁ’&ﬁ QQ‘BOdSﬁ%iﬂaﬁ?éd f#0eh W9Rrealchin@ealfsk increases, the
adj ac t

nt to one another, evenly | ocated behi nd opening
tHr@atl valied ishimwenedoniTite thadicdt valnel 8 Iqyesrsich@ncier tasg beam
openi ng 191 i npi nges upon an e I t of f
deteclioroonecsla b3 1andasdeterminedniial MaePmRGnradigtion 118
passes .t hr ough ate 190 pe di c
BRiss e HETBT & HoRiatebires cpHERn: el ufdferiie then
dRiSmiRsatRe MBALRAIIT R GREREV BT HEThIRY rdii&fich eint8 by dividing
anounts of incomng radiration 118 | npi'nge upon each” of

thidehreut Vahes bofiherduratbrafdime if taked litirregistandBasFigure 3)
arrival of incomng radiation 118. In a further ,
tenisgifteea epunthén dit orgisdar t E3%hni die needulgdioacirgagiency is

e BB, B R By W s eiaton 115 i
SRS TEhg ek, hASHBRPE) Bihch iy e i 91D shoud

tieyfdre terpaireth kethredt tthedenettil tbe dodveN ex potdetial threat time
detectors are | ocated behind the opening such that

pdirfoder ent anounts of inconing radiation 118 i npinge

3???;2&2@@%&2 ig%é\?’?es gottph%ial?}ee ,O(N‘QHichl %% a schematic
illustration of the laser beam direction module of system 110 (Figure 2),
generally referenced 114. Laser beam direction module 114 includes a
plate 190, two detectors 1924 and 192, two amplifiers 194, and 194,, two
integrators 198, and 198,, and a processor 200. Plate 190 includes an
opening 191. Plate 190 can be a mask. Opening 191 can be an aperture.
Detectors 192, and 192, are located behind plate 190. In an embodiment
of the disclosed technique, detectors 192, and 192, are located adjacent
to one another, evenly located behind opening 191 such that incoming
radiation 118 passing through opening 191 impinges upon an equal
amount of surface on detectors 192, and 192, if incoming radiation 118
passes through plate 190 perpendicularly. In another embodiment of the

disclosed technique, the detectors are located behind the opening such
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incom ng radiation 118. I n another enbodi nment of the
di scl osed techni que, opening 19 1 has substantially
wo hwementel Wi dt h as each of detectors 1921 and BOPRN,2005/001258
such that when incom ng radiation 118 passes through
opening 19 1 perpendicularly, incomng radiation 118
thatrpliffeyest @yoausisbet meomingyadiationbi 18HMRIBEEIURAL paek of the

R L e W
AL B RHERR BBt R pealdtoadt sbRhiue, the

deteetsrdes e het Socdietieadiatedd o ionesamotiereButiaré evenly located
anplifier 1941 and detector 1922 is cgl%gl ed wt
I

h
balipti theeopepiryy. Anpansther erpbpdirerbapitea dipelesed technique,
integrator 19S1 :i\nd anpl i.fier, 1942 is coupled wth
thendel@chersr aiRgot @Qﬁtggf%qlﬁﬁﬁ% QPQrari(it%q?’saEgLﬁ)rlee'aOt evenly
\M I QG - ln r i t .
offeley BEGTa 3Bk Peunty BWEIdR in MRAELIRE aff 1dgq behind
tHe”Gﬂ)é‘t‘i’iﬁ?; Sudiith &hdiffaPshtealouingds iof ihammmgptadiagos td@impinge
I ntegrators. In this enbodi nent of the disclosed
upes leaichuef (heosudhcenof teadetettorsidod diféetant angles of arrival of
~coupled with the switch, each anplifier is coupled
ingotingHadiatiarth18and each integrator is coupled with a

respectjive anplifi . ' : ' ol ed Wi
o or ocdosapoitey erhBborhghtiol BE Ut el JoERiRLE, obehhg 101
h%§%ﬁBbf’é’rﬁialW%r sHPRWiith o& £a8h BPaBtectdigt 1920 and 192,, such
etermne, essentially sinmultaneously, the angle of
thetr iwlaén ofinguhtingl erabléstion of! 1i8ncpasses r dldicatghonopening 191
originating fromdifferent sources.|n another )
Perﬁm}ﬂlwﬁrlyomqqmm liatien Tl&cmpinaes unaregrhsiastially half of
en 117 i I led with j
D EBHT ey B2 E8UR oMo 58 S 3B TP urtner
] , | | o 1 . .
SRR 1 Iy 82 TR e ping SR iy ft
s@bstahtially stdtosgdalt kcthe qudth bhéhé nletgetats orDetetibrr 1984 and

al so coupled with the detectors (not shown). In a
1985 cherbe phwtddetactors. t Retactos| @edstﬁ‘é}&m{ed uiith awaplifier 1944

abagfe%g’}c;ropwegnl%bclzoel}pItiea vﬂ%ﬁc’ 3#&%&%@34\2’! t,&m%liﬁglr‘nlbﬁﬁ is coupled
with integrator 198; and amplifier 194, is coupled with integrator 198,.
Integration enabler 117 is coupled with processor 200. In a further
embodiment of the disclosed technique, laser beam direction module 114
includes a switch, and a plurality of amplifiers and integrators. In this
embodiment of the disclosed technique (not shown), each of the detectors
is coupled with the switch, each amplifier is coupled with the switch, and
each integrator is coupled with a respective amplifier. Each integrator is
coupled with a processor. In this embodiment of the disclosed technique,
laser beam direction module 114 can determine, essentially
simultaneously, the angle of arrival of multiple beams of incoming radiation

originating from different sources.
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shown) |l ocated in front of opening 191 . In another
enbodi nent of the disclosed techni que, diodes (not

W@ baeny778r e coupled with the anplifiers and t hBCT/IL2005/001258
integrators, in order to prevent electrical spikes,
flowi ng out fromthe electrical sw tches (not shown

i nto i nnegnatharsempsdiment 10isthe disslogrdvirahnigue, inzegration

oRSBBEACE LSO Bt ol v
oREIFERY L, P, RSPl 61 ehiton ambor is

c@&@ﬂeﬂ/iw‘ e ﬁhgﬂﬁﬁ#@f(n%@%hdwr@(;e$ﬁoain(ﬂ&@ercanbbdiraent of the
ADC (anal og-to- |u%|tal converter). Line 202 is

diselgsentditechiigues ihiee isiagratien oenpbler eisi sso | aeapliedg with the

deiFciisurob SHAYBY. belll Aadi S0P BoRBENt nobufd Hisclosed
. .all _iLnci . '

teBEBRY; Hle TnfiitaliBh, chEBICIY, AR Sh el MY siffey (not

sl?cg{vpp%@@t%@ﬁ it kit lof BPERINRION . bearametiertémbodirhent of the

on the surface of one of the detectors if the
digowsedoteamigue) diddési¢oai showadiare oouplesl mgtmithe amplifiers
parallel to I'ine 202. The relative difference_between
an@ dharbtearasers, # erdgedemnrayeat clactieal spilesndowing ay from

g eialfinal SHitheg s Sigwil fodPiediit s deicrti Ttbg-" from
provRdinbt ingcdlthfd déi@;ﬁ/lél iRforpidiRfl t8f tRYvaARbSE @mpBRents of

sl gnalFs generate detectors 1921 and 1922 w ||

systbat anto.al Electiealagpikest can asour ascaussuithef diegized 4 aw or
are subtracted fromone another. |f the angle of
switehingl noiseyraatierknawin ia the arteallntagiptors 198e a6 4882 are

oSS RSt gReabt SORL2, IS CTR08, (@ b0 ADC
el BodBLRsL emveed TEIE Bl il i purtaco of
p@@@fﬂg@;rati on of opening 19 1, the distance between

openi ng 191 and detectors 192i and 1922, and the

di st anckacominggadintiatdBsmpngeacn pere 196 Platg 190 allows
avgge%gg?ﬂlé)iaﬁlﬁggggg% %59@5»%3‘233 Eggsgt%rg&&[\ ec?pséniﬁa d19:1a Tnd fall
incident on detectors 1924 and 192,. Since detectors 192, and 192, are
evenly located behind opening 191, more laser beam radiation will fall on
the surface of one of the detectors if the angle of arrival of incoming
radiation 118 is not parallel to line 202. The relative difference between
the amount of laser beam radiation falling incident on the surfaces of
detectors 192, and 192, can be used to determine the angle of arrival of
incoming radiation 118. It is noted that the effect of any noise on the
signals generated by detectors 192; and 192, will substantially average
out to zero because the signals are subtracted from one another. If the
angle of arrival is greater than a critical angle «, measured on either side
of line 202, then incoming radiation 118 will only directly impinge on the

surface of one of the detectors, and hence the angle of arrival cannot be
-20-
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Laser beam direction nodule 114 can therefore

determ ne an angle of arrival spanning a range of | a
waele@reerssl depi cted in Figure 5 by arrow 204. | PCHIL2005/001258

enbodi ment of the disclosed technique, a plurality of

| aser beam.directi on nodyl es 114 are used..to
detgrmingd oerilierl aBDlQIe¥ eFRPAR ‘F’o‘?ﬂrtgﬁg@o@f"g @gon 6 Gpening

1 aecto e BB IR o3 R RREI S SR 2R anc
thgaaléﬁémcé‘"ﬂéivv%%‘hhd@i’@étbﬁs '1@@?t gddat9a, degrigesl Angl eneis, in

anot Detectors 1921 and 1922 each generate an

geéheel r le@sStrWaDOCdegesemnaimd]g:am bieh doaraxarnplel 226edegrees.
beamradlatlonlnpl ing upon their resp ctive
Laserf heas ditgstionedt ldes1b£eqa§1 deaeafare deformine.@nopggle of

i) o g TSRS SHBAE BB o 200
T

dl?é@%?rni'd&’uléﬁabﬂﬁs arsl @Bédbltes achiegeatair sahgki  ahdarrival
982. When no potential threat signal is detected by
demnegmaimmrraegabbérSGQ?degreem cdontlés eemadimest. @@Qh laser

oAbt b - aRRSceE kS T SRR vl
pot en e
Pebith SRt oAt Meate e Sl deRt ot Bhaher,
1951 ar@eﬁe%@@rsafﬁazenaéﬂ&dmgg eddler §8Merdit ear dlectric signal
signal s recel ved thereto egrators 19 1 and 1982

cdSreﬁa;D@n@m@bﬂoeMGaarﬁmrrg @lslasat bgam iradiagioabingringing upon their

recei ves potential threat, sign from ter
raamﬂthalse*rfap_e@ TheaelegtrmSlgaa%egﬁ@?@f@QCb gigoters 1924 and

%&9 arg reéc% Espaptiy L%rco%gs%cf a SE@E@JQ {@’4 gaﬁfda 94, which are
cé%ﬂ%detl]%lr%{&egr h?éllﬂ%‘?sel | &Hd 4@15 pBURI THeit isPective signals

ators 19S1 ‘and 1982 for a correspondi ng

topdntegraters dgsat had di9d,i mentdratioar teéraldlar it anaples and
of tinme is defined by characteristics of ing
dicabiles iintegra®rs | 198n o6 A§8z- adV\éherbmqp@te@tl@h%vgat signal is

ABletorter NASTALADs GHES . Tt Fon MOBincRrRidh, GELIE 116,
intdGrA6RY 1885 oAPPHEYD ta'ré'dlsabled and, thereby, do not integrate any
signal received thereto. When a potential threat signal is detected by
integration enabler 117, from counter controller 116, integrators 198, and
198, are enabled and, thereby, integrate signals received thereto.
Integrators 198, and 198, remain enabled as long as integration enabler
117 receives a potential threat signal from counter controller 116. If a
count is registered in shift-registry 132, counter controller 116 provides a
potential threat signal, for a particular duration of time, to integration
enabler 117, which in turn enables integrators 198; and 198, for a
corresponding particular duration of time. The particular duration of time is
defined by characteristics of incoming radiation 118. If incoming radiation

118 is short pulsed radiation (i.e., radiation having a pulse width on the
-21.-
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threat signal for a predeterm ned duration of tine.
The predeterm ned duration of tine can be determ ned

wao b@enetscal |y, empirically, through field tespGI/m2005001258
system 110 or from known properties of the threatening

source. For exanple, if the pul se w dt f incomn .
okdgli at NeRosegonds ) olhes cw@;@% qﬁ@mﬁéﬁ%ﬂ ggnpr,pé/ es & potential

el s ey’ b e e AP ERL Bkt B,y ot redetermined
di ﬁ%m bfﬂn{’eléah%é Ait&irhiAB JeRIBEGally, BMpirlcasigr thvoulh field

. actor on the order of 50%(i.’e, radiation
tenyidgicsystem $¢0vodfionorknawvropepetteasgel thédhredtening source.
exanpl e, 100ns), then the potential threat signal, is
For @xageielef & thehpulra &Yld@nogfnqqfﬁﬁ‘g é@@'la“BEaH§ iigrions, then

o1 Brada e LB YR B DS e
n&%ﬁ%‘e ardw ﬂﬁidﬁﬁ?écé‘n&é’f‘ t Wiinéﬁﬁi@%p}d&@ﬂidﬁ Y198 is radiation

iers a egrators, |aser am direction

eﬁ‘ﬂﬂ?lrﬁ% frdé aadnsdetginna nieite fadtoepfort the dideradfiZ0f%% (0, radiation
mul €i pl e beanms of incomng radiation. Int

havigrgda rmg-‘&e wﬁldthnm anseides gleédhanqtc&,ewgli@f dponshAhen the
Pkl Sore AT £ ot 1o cudaRodER e iassygam signa
1bRE Lo 8e RSB Lo SRS Y o m Ry 8 losec

téd?ﬁ]idéﬂé,om AhieRdbabl Ysant ireddtior Mmedwegn#d Snoleiesasesivitch,
by detectors 192i and 1922 are each respectively

ad't:lralt_qilt_emlitgn«bf mropiifies and antegraterpotaiargosam direction module

130 ean datermineseashopalne piberana o Mulinledreams of fcoming
cent.rol | 116, | ' , i i

SR LI Y B e 12

ahB® @2%_0@%1'1 'g%érbéré’f@bn”édb&’@r@ SigheREBrelsponeiny fwthe amount of

radi ation wll arrive at | aselr beamdirecti on nodul e
ldsked Ipdarmhadiation impingisg wpon their régpectbvfe sindacese According

the various beans of  incom ng radiation, arrivj t .
to alber WavaieaginecPPaiizadan @niil@pakhaﬁ |e%99<ﬂ'03 9{ qg?ﬁﬂ”ﬂcommg

oK i JRRET Pl LRI cBEal T M 1522 are
cdenenatsacierfetfebsd 492 prévided to a corresponding set of
amplifiers and integrators via the switch. Since the potential threat signal,
provided by counter controller 116, is provided for a predetermined time
period, which is in general a fraction of a second, the probability that
multiple beams of incoming radiation will arrive at laser beam direction
module 114 at the same time is very low. Most of the time, the various
beams of incoming radiation, arriving at laser beam direction module 114,
will arrive at time intervals, spaced far enough apart, such that the switch
can properly direct the electric signals generated by detectors 192; and
192, to the appropriate set of amplifiers and integrators.

Integrators 198y and 198, cumulatively integrate until system

110 (Figure 2) goes into a threat mode. System 110 goes into a threat
-9
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1922 to the appropriate set of anplifiers and
integrators. Integrators 19S1 and 1982 cumul atively
WO poe6Ea8E until system 110 (Figure 2) goes i nNPOI/H.2005/001258
Lhreat node. System 110 goes into a threatnode once
It register 138 (Fi ure3 isfers a count
mokieeaRCedk regigieral 38 (FHgires Et% ggisia AdwP nsrng?r?at mode

e e e e
oﬁ@ﬂg’?e?ﬁ?ro?ﬁrﬁ 'tﬁ%téﬁn?“%ﬂ@e‘ Veh ¥y tiiYea®mb8e Uitebrators 198,

etermned i ntegration threshold, or a
aifd edeBsr congduti e tcunaslatively ||sate@"ad;¢1edntlhtavvrpredetermmed
point the integrators are reset. The redetermn
integragoat thsashalc stioRdpeagetsEinesd té‘ﬂ@n"b‘!’%s Qlde |§,r§ﬁghed at

whiche POIRG ! Inteaitols Srb Mg  bhe, REUABHE] Thitgation
th§¥§ﬁ&@ b vl dfo?egﬂéfng) déo ’dh‘éerglgﬁﬁl AP | Oalue of the

rection of hcom ng radiation I ch coul

int@ragndiPiThe predétermirtsd tofie rthiéstesidocats b, tfor $xwm@e the
that in a threat node, integrators 19S1 and 1982

abeunt of ttimarsyst¢met10 chwlgo"e@]mumano dendify atq:h@n%,rlrr?ggectlon
oﬁl ﬁéﬁwﬁ%&?i@éﬁ%t QBC{eWgsci} %gﬂgg{b%)tfﬁgwl o ;'%I\éflc}/q fhe order of
nﬁﬁ%é@qdmdégﬂﬁf Cﬂgghfog hact%téqg %(t e ‘fﬁt‘gebt?a@réo éﬁ% and 198,
n@pbéoﬂés@t bfyC el ﬁpabgoﬁé‘rﬂtdlelﬁré@t tirgeiperidd. t Hategrators

ts in shift-registry 132 back to "0" bits if at
198ashdot@sotanhalsd aurouiatiyety integraiei yntilrthe: end I & petential

of the neasured intensity | evel o
tm@et tisne t periges é@h@rhgcw%/tﬁécé@n%@ I%Irletn@ m_n -'ft‘%%@'ts in
shi R/ragls't%él’@%%rﬁepcﬁg;oa ecggsé Qﬁs r'egéngﬂﬁlléry 4% ¢8R40 be
ﬁQbFeH foegéfs‘étré(l iR bit@rmasmft%@ﬁﬁhnﬂ BethasR UL bitsi ifrat least
or exanple ew mlliseconds. ‘incomng radiation
ohéd®fitise fokbo Wi coteriaribirume of the detectors, e|ther

only on detector 192 or only on detector 1922. i's
noted tthet sum fi thg measairedi indensity ﬂ@\felr@%m@rﬁgﬂg’amdlaﬂon

the bi t‘f 1é,non the detecting surfaces of detectors 192, and 192, is
less than a predetermined intensity threshold level.
e a count has not been registered in shift-registry 132 for a
predetermined amount of time, for example a few milliseconds.
e incoming radiation 118 is incident on only one of the detectors,

either only on detector 192 or only on detector 192,.

It is noted that in using these criteria, for resetting all the bits in
shift-registry 132 back to "0" bits, shift-registry 132 may be reset many
times within a single potential threat time period. '

If hit register 138 contains a "0" bit at the end of a potential
threat time period, then counter controller 116 provides a signal to

integration enabler 117, which in turn provides a signal to processor 200,
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shift-registry 132 back to "0" bits, shift- registry
132 may be reset many tines within a single potenti al

wo booeat778i me period. If hit register 138 cont aPeEI2003001258
bit at the end of a potential threat tine period, then
counter controller 116 prow(ges a SI

toi ahangien ithe cwawrEve Itegraie¢ ignal lr Ht%gra&?r&e@%a and 198,.

PRS0 BERER 0% b, AFRORR HR bl 1 g

th[cﬁeﬂt ﬁ}tggfset, étﬁ]%? 1§&Brﬂb!?$c&1tr%ll"er 1P6t ro\’)féje%ha' sidhaptesntegration

IS In a threat then counter

ergiler ol 7 ewhidibirptupsiptevidessa @!@ﬂnaltto prnteg$ca|t 200, to determine
enabl er 117, which in turn provides a sig

ther angles of amival b ideeBrRy n@diakom gt b@ﬁeﬁlr Pf‘vﬂ'le gpmulative

RES RN R i —
m%&%ﬁﬁén%lef '1"1 Yoitinpd e E?EF&%%QE éi@ﬂhlfbl P@déésor 200, to

es a signal to process to~conti UOUS Yy

c&ﬂﬁﬁfdﬂs‘ﬁﬁ déeraid ahef aagle \afl apival n@bmmnlmgilradlamn 118,
118, based on the cumnul ative integrated signal

basuckgnatie cumsdativedniegaiedmignal at integratora 19081 and 198,
otentlal threat ti d, wh |
SR the-aridh ok & potesioh T e gne BaTiod, dvhe A bl in ghift-registry
" t he di scl osed tech ,
1%8@‘5?@?%8%%%%@%7 enabl es and di sag: gge
anpl i Tijgr sndfiftr amdotfhent Wiethedigeibssd itathhijueatintegration

signal 1s detected by integration enabler 117,
eraper f116F entdiés amt tisbbleseanipdifiersed 94dndand hb@‘éby When no

paiestil ozt viBBAl i stoRachDY: BTSN RIRLIE Jd{earddiiers
o S0, a0 P, Mg poci
s@ n‘%o lﬁfédr?fcﬁﬁrﬁt)@{ antP$D8 ?ndV\ﬁI%‘(? a botantialr tHreat signal is

ment "o e di scl osed technique, integration
d@t@@hédi V\xhh?em&bh&mﬁér dl1§abimphfdaarse1cﬁ4qrand91 9,zre enabled

1922. en no potential threat nal .is detect
aneht tt@rabyonrcemmlr IQSpe@fé\t%é i@mtegr@tq@é(@%a.%'d 198p.

dl S&Al%ga% lgfe{ bcyfi ﬁﬁ?ﬁaggﬂ et%gbg ﬁq,ﬁfﬁ%ﬁht‘% enabler
1??%%89%@@ SEAEE 89@0%‘@ 392814 392,. When no potential

threat signal is detected by integration enabler 117, detectors 192 and
192, are disabled and, thereby, do not convert the amount of laser beam
radiation impinging thereto into corresponding electric signals. When a
potential threat signal is detected by integration enabler 117, detectors
192, and 192, are enabled and, thereby, generate an electric signal
corresponding to the amount of laser beam radiation impinging upon their
respective surfaces and provide the respective electric signal to amplifiers
194, and 194,. In another embodiment of the disclosed technique,
integration enabler 117 enables and disables a shutter (not shown)

located in front of opening 191.
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potential threat signal is detected by integration
enabl er 117, detectors 192i and 1922 are enabl ed and,
W0 b@sebg1 generate an el ectric signal correspoPdi/ngoesano1258
t he anobunt of | aser beamradiation inpinging upon
their respective surfaces and provide the respective
el ect ri dmyplifiaes 1041 ansl i1f914@@In@nowdaﬁheirgl@épeptive signals to

At | A e 9817 lahai So0anerhpbah) &t “imengach time
SR Bl LN, e ShEBNS icretor 198, and
1085 bAL inteégsitgtiaé airhounhbégrcancing radidticamd 189Bapinging on the

short "amount of tinme each tinme shift-registry 132
reapgicliver susfaceanof defiestansard 92 handi #P2gr Snses theygy is some

prashBIRY el Tacomins ko Thenbindied 1687 e Preateping laser
S5 e 08, S0 A Pt s

pfdVigad enhagbtb asid Skifs. proviiy ateypecti98l eladirit9&ignals to
Integrate the respective electric signals provided | )
ptéessos 2001 Poocdssorg2Q idétemaines dhievan@eeet arriyal of incoming
i.gnal s to processqr 200. .Processor 2 determ r%es HBS
ors y and

S1.gn P
ragighan o b CPRMDSANG 18RS S daeatesh ToiTs 0T

npar.in i ghal ' ' r
1§ 20 Braffies §07 SR RB AP ol AATRE 1S ek o I an
ehfb@Hil®l: oM we eaRRIbSEAt teEhhiaeedi I8E0s@smparing  includes
techni que, the conparing includes subtracting the
sebtyaating ¢heisigrtalf receiar fiom egeantegratar, fexaxaimgle, integrator
i ntegrator 1982, fromthe signal received fromtg)e
18Bpeframt hgr sigstal reseivrdnipd that eiies: bteggormtor example,

, Subtr.act| resplt | qal i Lvi.di: t
ABHEE: 16"t ShprARERE, et Y ot iPBI e aviding e
sﬁﬁgﬁgﬁﬁﬁ r%%BE‘HWH?@ 539 oF the v ABINEIS 2ecéiVedtbditintegrators
enbodi ment of the disclosed techni'que, the conparing
108¢lartes 983t r Irednughehembgtiment of the aliscibsedctechngue, the
radi ation 118, in a normalized | ook-up table, ) .
coBpaEiacinges orairiavingathe anga of arHealks pfdagoming radiation

1t[I CEE% \éfﬁjcgfngﬁaﬁl%k:@ﬁzgé ;%rﬁ)'r@gﬁbgbﬁ?é?o iasngr?ﬁ\éli?aqﬁ)n of the
signal received from each integrator.

Reference is now made to Figure 6, which is a graph depicting
the on-off state of an integrator used in system 110 (Figure 2), for example
integrator 198 (Figure 5), and the amount of EM radiation integrated in an
integrator used in system 110, for example integrator 198,, as functions of
time, generally referenced 220, constructed in accordance with an
embodiment of the disclosed technique. The horizontal axes of graph 220
represent time. Section 222 of the vertical axis represents the on-off state
of an integrator and section 224 of the vertical axis represents the total
amount of EM radiation energy integrated in an integrator. Graph 220
includes a potential threat time span 225, in which a shift-registry registers

counts, threat mode time spans 2264, 226, and 2265, in which an
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the on-off state of an integrator used in system 110

(Figure 2), for exanple integrator 19S1 (Figure 5),
waewspssanmount of EMradiation integrated in BET/IL2005/001258

integrator used in system 110, for exanple integrator

198 as functions of tinme, generally referenced, 220 .
intagretaruist @@muiata@dwamatlwtsagraaﬂ%r@&%verﬁgﬂ?er@i% B on time
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Sect1o e vertical axis represents the total
infgrafihgoinENigadisatéceived ehgyetontaryl a edsentire span 232, in

integrator. Gaph 220 includes a potential thregt ting
whichnan dstegratoxris «ff anefhintegradigosany S@@'%F@?%'V€3Lm@§,eto and

] B e RS P2y G2 I 2o inent o
regei t ’ey : 07 !
opSBEL L 2Fige Be B, BEECRBaRAAR] e g 225, e

SHIRGRGIGH IShRsito, Irnanettiert émbosivaen? 28 therdistlosbdaechnique,
I ntegratior is off and not integrating any silg%nal s

theeshifieabistng maay, bangsat megey timee ispaaterdia hieaintice span
an integrator is off, t int ti i | .

22%ceiNieler F?é‘F‘eIP ) r‘?g‘gé‘i"{’é‘q ﬁg{‘ébég%aﬁtn q?d %%{%de’termmed

._accunul j I ' di

ST a0 Bhabr, AP R Y, Blee Rl gbsonet, o

in?ﬁ’r’aééﬁ?oﬁ@kéﬁ?l@,gihj%égwtéﬁ 985948 resdt. aTheid of a threat mode
enbodi mrent of the discl osed techni que, the

tirmki fdpareds stleynarentdd beskne n2dy, twhets i thepereauntlof signal

_threat time span 225. At the end of a threat '
intgeiiatediosnan iplegietasifiraset baghele éﬁf‘bnt"t r%?ri‘cgﬁaﬁﬂ% Eﬁemé“d of

edet i ned ti th ' .
a thfesd Sode, ey SEn B BARPaghB AFaHAED of® resgt timg,span.
fogggx%me tr@é@ﬁt{irﬁ@ dri PBoSPFHedS frrRspahe3dvehddonce an
_ , ere the anount of signal integrated on an
intégieaoabenins integeatibgcdighalszescrivéd theretot aitert Mae integrator

end of a threat node tine span demarcates the .
whegtaesstndt ¢3 rwteést@tattmaﬁyége&ﬁt medezlilprRang JBAY §HEL IN @

SER B Gl TS ol PR SR 0L RPBBE i S 201
2%@%gagft'of‘%gé%‘ggﬁsﬁ(ﬁsaéﬁgy:al%ﬁtﬁﬂngﬁr%qidrhéf tifY ORRRAE span 227
corresponds to the particular duration of time counter controller 116
(Figure 2) provides a potential threat signal to integration enabler 117
(Figure 2) when shift-registry 132 (Figure 3) registers a count. Off time
span 228 corresponds to the time when shift-registry 132 does not register
any counts.

If incoming radiation 118 (Figure 5) is short puised radiation,
(i.e., radiation having a pulse width on the order of nanoseconds) then on
time span 227 will be a fixed time span (not shown), as the duration of the
potential threat signal counter controller 116 provides to integration
enabler 117 will be the same for each registered count. If incoming

radiation 118 is radiation emerging from a laser with a duty factor on the
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single potential threat tinme span, and that threat
nmode tine spans 226i, 2262 and 2263 are not equival ent

w0 poodi6E8i on of tinme. On tinme span 227 corr espPCiBL.20@5/001258
the particular duration of time counter control ler 116
(Figure 2) provides a potenti al th

ondereqfrzAYoon!. @n aradtﬂtlom ayingga RISy r\/\w%gh%' gn@ tOFP'@@ jargey than
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0 t f
tH{%FfdgE%gﬂrg St iRy tﬁé’”iﬂi tg ENEe ﬂﬂ:drﬁl@'\lgafaﬂi&tléhSHS stays

) is short p radiation, (i.e., radiation

abave @%l@d@%ﬁﬁm\acﬂtmesholdhever d6ff timenspars @26ndaes fretength
on tine span 227 will be a fixed time span

ofshmm):lunag a poteotiat imﬁabﬂlnﬁ%@%&%n@‘?%@nd'ﬂ 2%'9 thegpaiure of
they G ING d ARIEh ETH BTGRP ST ETEd Db Al AeEr the
lchg@ﬁbw%ﬂgﬂbgt %/\@T‘f%a;t% %gé?é?h:gp t@”i%r t@@ éf@@uﬁt or not.

s&eﬁbﬁtzmohgramg 2R0ndd ietsvhet on wff antmtyde’r lmaggno}s a8, and
00ns) then on tinme span 227 will vary in length (as

1 QBQWﬁgurej &S)erBiciiproR2dad grapht22h depiats e taﬁ@ount of incoming
radhpheRelneEIHed 1Py e UHBDEIDEY of 9By ANE) 0tpan SAGNEN 229
o RBS R0 Jh D2 DR B8 e, Bhat 8 ntcaraton

ehaBletionid 'Hi’éélﬁlleﬂg !’rﬁ@@ra‘tlﬁﬁé 98] 1dnd 298, whelrblret Melve no
Incomng radiation will "cause system 110 to register a

sigmiaig tor inegratSectSeymend 289 ds aphhadoniapilines repeesenting a

on-of f activity of inteqgrators, 19S1 and 1982
censtasbameintolesergy, dpficatiod dbpl BPsSIgHRISASY ?'”%f'”?eg"ated

Sebg3E 83 A A5k BB Bl 7 PR kg 9dn 227

lrgégkdg@) Eﬁf\blé?ﬁ $PA8 &rdbletint ﬁﬂ@g?a’@?s ergdl ahd 1198J therefore

ntegrators 198i and 82 therefore receive
réseist ghadtsictsighalseyr mttegraBegr@egmand 239 ia aincreasilg sloped
line representing a constant anpunt of ene
cunc& depregpnting andneiansis agrQUINHT n@“@rﬂb’eﬁ}cgg%%‘f'g that signals

a{qa rrent gﬁso QA CARRBASNGS, MerTBoraPRIB, 2Ad 194, iRtedtte for
only a specified amount of time, in a pulsed like manner. Threat mode
time spans 2264, 226, and 2265 are shorter in time, in comparison to
potential threat time span 225, in order to prevent integrators 198, and
198, from reaching a saturation point, and in order to allow system 110
(Figure 2) to actively determine changes in the direction of incoming
radiation 118 (Figure 5).

Reference is now made to Figure 7, which is a block diagram of
a method, operative in accordance with an embodiment of the disclosed
technique. It is noted that the following method is applicable in scenarios
for determining whether incoming radiation originated from a threatening
source, or from a non-threatening source, during the day or at night, when

the incoming radiation is in pulsed wave form. At night, the method is also
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integration enabler 117 is enabled. Integrators 198i
and 1982 therefore receive electric signals to
WO pioegeEse. Segment 230 is an increasing sl opeRCTII20&/001258
regresentlng an increasing anount of energy,
indicating that signals are being. integrated. . .
awr@llmbhﬁa igir ydetesmingt whgth@“sin%rgmﬂgé@f%ﬁﬁpag%gl@aft%ﬁi from a
on a specified amunt [ I ed LK o i ;
tiabafnd Rilste” i ST o8l ERissitly Sobls e, incoming
re@fi&ioﬁb%t ddhiinu®Ris WaveORD#! 6N dxanmMoeniien thbr e@bming
I'me span 225, 1n order to prevent integrators 198i
rgtidrP8e dartinuachiave mfatdr etdiatiomoi lhtis alad moeted that the
order to allow system 110 (Figure 2) to aQtiveIY .
follonéngimethathagede Hsedavhen saultiple breatpning fgdiation sources

radi atiqon 118 (Figure 5). Reference is now nade to
agg B(ﬁs@n{% which is a block diagram of a net hod,

operatie él’&%ﬁﬁ?édéﬂ?te ch'f‘niﬁg d%’@%‘i‘idﬂ‘?% 9fitelr 88 spectrally,

di scl osed ‘technique. 't I's not that the follow ng
aBESIIRSY | To andifted| walslenigihar | Ofhd wpetdtadr filteiing selectively
whet her incom ng radiation originated froma

até@neaneonﬁggsr@maimn of spesified neavelengthsde rRgssdbreugh. For
uring the day or ni ght, when t i ncon n . .
examPiR] OhS i SPEGLT Iu?‘lb@an&avw Sy &'fo‘%i 'éﬁo,m'%ﬁe radlitigg with
SR RRRPLS r, deternini ' - -
ol aRRRBR e TBRh oy HEiE WAV 15T R CBbBh radiation
abESTRe I WHH RIsRAIRIMEY welpdits, toleissttheoughorthrg substitute for
radiation 1s in continuous wave form for exanple when
ptdrga_dureorﬁztcg iacbratrigoraiciatiamt i Udiesedavecordingr da  specified
radiation. It is also noted that the follown t hod .
pelaHiZed oSO WRERORUING 19 POIFIZAUS ﬁ@S?%Jaf%q Vg Taser” guided
sour ces e present. g cedu [ ]
R o TP SEbag s RS o AT LGery ow pover
Ia'%%‘?Crbfjiﬁcﬂ?%Y@fr%md"ﬁomTBela%@?%bru%e,ffblrte%irﬁﬁl_e a laser missile
sel ectively al'l ows 7 ncom ng radi ati on of specified
syeteeh eagtihsoise gignals, origigatingdroraxeanibies radiatiopesourges, for
iltering may only aIIowi_ncom_ngrag'ation with .
egﬁwﬂ%n%@%tlabrﬁl@@fﬂi@ﬁl@igﬁ@tlﬁofﬁ“ﬁé [of:1% k@nﬁ'ﬁhs’sqﬁ’ pad edlistantly
eam,radi ation assqci at P I '
AR R TATEL T Y BFE08 o power
laser radiation and pure noise signals are very similar. With reference to
Figure 3, spectral filter 124 selectively allows incoming radiation 118 of
specified wavelengths, to pass there through.

In procedure 242, the spectrally filtered incoming radiation is
converted into a corresponding electric signal. With reference to Figure 3,
incoming radiation 118 that passes through spectral filter 124 impinges on
light sensor 126. Light sensor 126 generates an electric signal
corresponding to the laser radiation impinging thereto.

In procedure 244, the converted signal is filtered temporally,
according to predetermined sets of electric signal characteristics that
correspond to different types of laser spatial encodings. The temporal

filtering selectively allows signals corresponding to spatially encoded laser
-208-



10

15

20

25

30

procedure 240, incomng radiation is filtered

according to specified polarizations corresponding to
W@oloals7z8t i ons associated with |aser guided weBEDHR005/001258

The incom ng radiation is a superinposition of very

| ow power | aser radiation originating.froma |ase .
besois te passrthequah! & Qf exaeplaning ﬁ@bg%lit% r QFRP%{H@@M’ if

tng Jicaming: e BafiBb: FEsrartaly shitfed PSRl Mty Figlation
u%rﬂ’%he,ngin@y?,{, %ﬁé“ﬁe’rﬁg&%ﬁeﬁlﬂlnyaémy BROES fHiendRi to pass

e I'n evels o e very | ow power | aser
throadjratif on @perespoadsoitse irtamilgs radeta ybeing lemitted at a
Wth reference to Fifgure 3, spectral filter 124 . .
medulativhviseguancyieat fadls in iherranoatefoh taifs siingpdbeineming

wavel engt hs, t th h h, | :
ragigiogy e%?yapey etelyediondsth iy oPdTERT T SbAfal Shooding
't , a . . . S
PR ol R RS ERT08 Rac Ut e, b lmpltaitering
mamﬁaadbhdi%@m%mergﬂalftbl 4 epetifié tenmpoge dilten dongisponding
sensor 126. Light sensor 126 generates an el ectric
toEc,a;] gmﬂtuccubalm mjbndid ofy spatialy enpasling daset ikeamapi Hyithg case
ereto. In pr 244, th d, si [ ]
wihe goeinie e {Prm ERdiAlPRgs B aL P HoRradidure 244
. of electr] [ |, char i.St.i
s G GECAA o B o BSLEII O B 292 Gpgeetalo 240
PloRBRRr& 244 |4 esbBatosaliRGEhialey palseeMmdibionl sriginating from a
correspondi ng to spatially encoded | aserbeans to pass
thtdutenigty seurcexeoml pulsied eadiatieniand edrdinususceyeeradiation

244, if the incom ng radiation i tiall d
Or@na@ngifrqrar%ﬁpnn*ﬁaﬁgw&mw SPH%:N%&I??QV SB??%EHE@ 3, the
.tenmporal filtering.on I . & ] :
SR BRRer et BLuihuCBhited! 1O B RERcl SRR, ey 128
Té‘rﬁhb?&d Fiﬁ%r & ﬁ%l%ﬁ\%lzf AIRSIWE el ctrtatsidigdllss cofrebpending to
range of t-i to fn. SinCe the incom ng radiation may
speigdiyasncdded kiserdedinos ito padsftherestiirosight i al  encodi ng

nmet hods, in another substitute for proceﬂ;ﬂe 244,

tenpordn pracesturag24@y thednirnsityi level i 9ig %éemr@{awﬁmered
sigaat Bcdplermigenodt b nojd I hECHRRRPrdduPn gt procedures
244 dfE2485&n be reversed, with procedure 246 being executed before
procedure 244 is executed. With reference to Figure 3, the temporally
filtered signal is provided to threshold detector 130 where the intensity
level of the signal provided thereto is determined.

In procedure 248, the signal is suspected to have originated
from a threatening source and a count is registered in a shift-registry, or in
any device capable of counting the number of occurrences of an event, for
example, a counter, if the determined intensity level is at a threshold level,
or above the threshold level. Otherwise, if the determined intensity level is
below the threshold level, the signal is considered a noise signal and is
abandoned. In a substitute for procedure 248, if the determined intensity

level is at the threshold level, or above the threshold level, a potential
-20.
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where continuous wave formradi ation is detected at

ni ght, procedure 244 is omtted and the nethod
w@e@emerisl from procedure 242 to procedure 246.PCT/IL2005/001258

Procedure 244 is used to differentiate pul sed

radi ation originating froma threateni ng source
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I'ter el ectl y allows electric

prétietsthsinedrvagowuh e, tfor sratriple| » propoitionbhauiltiplezation of
to pass there through. In procedure 246, the intensity
the énieinsity level aferpoiss signpl.l tered signal is deternined.
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prbBabllidy irdedel fort 21165 hibemdet®ceranisie theepeoidislity model for

intensity |level of the signal provided thereto is )
fakbet alammsedevelappddnye Gude Rias, as s kepydnin the addgeetleguation

I B SR A ST o e
evi ¢ f ti | .

ol ST g 57, 0 YD
se{r'}ﬁtz\gﬁloqe\é/ell,%ﬁlbxb@pﬂb @_sbhéiﬁ%??|lé‘véleé{|§3d>nop?iat@lﬁ@ﬁ/ﬁsé e direct

. ( evel . erwise, if the determ ned
surigknsilhya besiituts forepoocdduee t @ sthel threshreld, levakis varied to

D ; : , .
e sme oy et prepResng . nes o “aEEDnyilchse, fo
intensity.level is. thr. d :
xR bie Rl Teuteliiby 1 PR s oo Blnerth i 3y, and a
IoWe‘?d’s'éﬁ%tivigyPrle€élc*&I.uﬁ’i‘?l e aﬂigh’ﬂraﬁﬂ dodheatheo™ay when it is
produced, count 1s registefed in a counter. The

clobdgs8iiad iheviiresbokklevebeviestantiady atets the etnsitivity level, the
associated with a noise signal. The predetermn ne .
thvesheldclenebseetlsrtockanprleappropriieht fergnding on the scenario

o i AT 1 PR BNl Gl A febfterea for o
p&ERLAl CRlkbYt tiheUPeridE! for example, for a time period of 20
milliseconds. With reference to Figure 3, if the intensity level of the signal,
determined by threshold detector 130, is at threshold level 106 (Figure 1),
or above threshold level 106, the signal is suspected to have originated
from a threatening source and threshold detector 130 provides a signal to
shift-registry 132 to register a count. [f the intensity level of the signal,
determined by threshold detector 130, is below threshold level 106, the
signal is considered a noise signal and is abandoned.

In procedure 250, the presence of a threatening source is
determined (i.e., the incoming radiation is determined if it originated from a
threatening source). Incoming radiation is considered to have originated

from a threatening source if a count is registered in a hit register of the
-30-
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testing, for exanple in broad daylight, or

mat hematically through a probability nodel for false
w@bk@sne778f or exanpl e the probability nodel forrP¢HII2005/001258

al arms devel oped by S.O Rice, as is known in the art

(see Equation 1
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threatening source if a count is re
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okl ot Sty ekl T S HAFREGLEY 6, Biponti v
til\'?fe{ h8@8§g§m§ BﬁarngFggirﬂnrgS dpdkiahi Nt pokshtP R SE signal, or
potential threat indication, depends on the nature of the incoming
radiation. If the incoming radiation is short pulsed radiation, (i.e., radiation
having a pulse width on the order of nanoseconds) then the potential
threat signal is provided for a predetermined duration of time. The
predetermined duration of time can be determined theoretically,
empirically, through field tests of the method of Figure 7 or by known
properties of a threatening source. |f the incoming radiation is radiation
emerging from a laser with a duty factor on the order of 50% (i.e., radiation
having a pulse width on an order larger than 100ns), then the potential
threat signal is provided for the duration of time the intensity level of the

signal is at or above a threshold level (procedure 248). As the number of
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originated froma threatening source. This nunber of

counts is called the hit value, or the threat val ue,
wapweoentsbe predeterm ned by using Equation (2§CT/IL2005/001258

depending on the desired sensitivity |level. Procedure

250 therefore includes deterninin
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the signal is at or above the threshold level. Wth

SQWCEr ence to Figure 3, at the end of each potential
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fiheér JUBSRLRMAIDrotEaGRe 256, the defs@Braard adt iidaedisljacent
radiation energing froma laser with a duty factor on
¢ baeassthepfarD%rd inok eyenhdlaasted behinddhe gperisgwi ldewever,
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o%' r]ﬁ'\%n|Sri\ct8/m}negverlad?e];’tiotnh(?mpinge upon each of the surfaces of the
detectors, for different angles of arrival of the incoming radiation. In an
another substitute for procedure 256, the opening has substantially the
same width as each of the detectors, such that when incoming radiation
passes through the opening perpendicularly, the incoming radiation
impinges upon substantially half of the total surface area of each of the
detectors. In a further substitute for procedure 256, the opening has a
width that is substantially not equal to the width of the detectors.

The detectors can be, for example, photodetectors. Since the
detectors are evenly located behind the slit, more laser beam radiation will
impinge upon the surface of one of the detectors if the angle of arrival of
the incoming radiation is not perpendicular to the surface of the detectors.

The difference between the amount of laser beam radiation impinging on
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signal is at or above a threshold | evel (procedure

248). As the number ofcounts registered in the
wooioenti7al threat time period increases, the PCT/IL2005/001258
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di fferent amounts of the incom ng radiation inpinge
providied 4o wof respective fanplifiers, which inlduet espssaghyeoupled with
di fferent angles of arrival_of the incom ggjeradigti.on.

twen respeeibiensisahled siitehest of Ngro¥lehips CaggPe @y device which
. openi ng has substanti al . i dt f
PSR SRBIETAALLKHS PRTIAE R, S, e

SPRCRES dal 8@%& hepRReR BY Peliadvitdar The ?éﬁerated signals
I'ncomng radiation | npinges upon substantially half of

atdh@rovideld $oirthecespestivef apgiliiess adndinbiodisiect bris. noted that
a further substitute for procedure 256,  the olpeni n

precedures @40 tn264i ayesexseuled IMUaRaoUsl a5 R BCerdres 256 to
2B Bl SR EhHTeroPlE IS FIGLR B, RRRedfor 2, and 192;
each generate an electric signal corresponding to the amount of laser
beam radiation impinging upon their respective surfaces. Detectors 192,
and 192, continuously provide respective signals to amplifiers 194, and
194,.  Amplifiers 194, and 194, provide their respective signals to
integrators 198; and 198,. Integration enabler 117 enables and disables
integrators 198 and 198,. When no potential threat signal is detected by
integration enabler 117, from counter controller 116, integrators 198, and
198, are disabled and, thereby, do not integrate any signal received
thereto. In an alternative to procedure 258, depending on the wavelength,
polarization and spatial encoding of the incoming radiation, the signals
generated on each detector are each respectively directed and provided to

a corresponding set of amplifiers, which in turn, are each coupled with
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detectors are evenly | ocated behind the slit, nore

| aser beamradiation will inpinge upon the surface of
woe@6oé778he detectors if the angle of arrival PET/IL206T001258

incom ng radiation is not perpendicular to the surface

of the detectors. The difference betwen the armwt .Of
cdrﬁomam iespestive disabletyswichas h e\t f%up@é%n%ﬁ @ddgure S,

0 e detectors,.can be used.to detern e .
d%t??f%ﬂd%h and 19 &ﬂ'ﬁlgbg?%fa&?i%gchﬁ%%@rm?@p%”%”g to

u i f r r t t afi i
EUERROAH S Mok BRAMT FadBion! ipRefts ! gbsnater respective
siffaddic O dtdraindi ®t than waveleggthy polakzatioroandhepatial encoding

surfaces of the detectors, for different angles of
ofathe mebningi tadiatiory thedelectrinhsionals Qﬁéﬁé@\;ﬂﬁgby detectors 1924

635 B el PSR PR ERR0 B responding
r : '

sttrd Fhhiel o BRe bR IR BRI S0898” Derectors 102-1
and 1927 prscayfe vemcHedwrehesdeonani tigabRl switthes are

procedure 258, an electric signal is generated in each
esitledt dor corcasgepuhidipgt partieulanoduation |distimepgaeh time a

radi ation inpinging upon i{ts res tiy. f ._The .
peleiial $igan aianadsaecosReh PesTRLenaDoG Sderalgd signals
. two respecidiyve anplifiers,: . Wi ' .
ngiRsean e BB TeleleRleRt i € e i@, CTherefore,
eah ttifﬁlae% €8IS r%g}Ys_t@?é’d &¢ tp‘ﬁ@éécﬂhﬂeszfp&eﬂﬁ geAetdted signals in
enabl'e and di sabl & integrators fromintegrating. The
pRWddUNes 258 ales dntegraéed adedpbyceduwenq60) sid tiote  rEapective
~generated signals are provided to the resto ctive .
u%atwaaw 2 pertioulansuyaton qidime: okhe matoResedAIRsenabled

to 254 are execut ed . sipultane
a35nch s dHaeBaL Jhatrt Wk bt SEUd FRARG e, The
' r e a . t H .

SRR SISRRRS, MRS RigE o proviced
tHeadi@tira & Nredetaeninean intbgratioresheestiold, sur4 guresletermined
Detectors 1921 and 1922 continuously provide .
times preresheobd sisgregichady ainwhieh draint e iregractiv tegrators are

ST b etloeBed, BAGI RabBR FRCERCRY et he
sEaP! 8httdfof N9l ANdng! $ARYRStors.  The predetermined time
threshold can be, for example, the amount of time required for a system to
identify a change in direction of the incoming radiation, which could be, for
example, on the order of milliseconds. It is noted that in a threat mode,
the integrators may be reset many times in a potential threat time period.
The respective integrators may also cumulatively integrate signals being
provided thereto until the end of a potential threat time period, when all the
bits in the shift-registry are reset back to "0" bits. The bits in the
shift-registry may also be reset back to "0" bits if any of the following
criteria are true: the sum of the measured intensity level of the incoming
radiation, on the detecting surfaces of detectors, is less than a

predetermined intensity threshold level, a count has not been registered in
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integrators 19S1 and 1982. Wen no potential threat
signal is detected by integration enabler 117, from
weownver’scontrol | er 116, integrators 198i and HOBH.2a0501258
di sabl ed and, thereby, do not integrate any signal
recei ved thereto. In _an alternative tp, procgdure 25
L tBieak b a fow

thaeﬁ@'gpnaggst?hf%@_ RERAFERHINED ST QL UHC-ald SEUDP
BRS80S RARTRP s Eh L BDin B8BTSy one of the

dé;ll'rbrgﬁjl‘fgﬁqt %‘"Haﬁogtrﬁeﬁ(ﬂﬁ iding t6O%& efraiHli fod reséttiag all the bits in

. I ers, In turn; are each coupl ed
thei shiferagistpprishclg toePebitsy ¢heli difitregising todedoe \iesht many
reference to Figure 5, detectors 192i d 19?2 eacht .
tirgeaarithia asingle patestial Yraat Bm%@%ﬂuﬁ&&htrg qfggce to Figure

5.7 6BpBcRs oS R EER SRl db b bR BV Buefafightdbler 117.
fr il Bola CNRAGSPRG! HtoBRABH 1987 AMd Uiy, | d1eodisabled and,
adration, the electric signals generated by detectors

tht9dby, 80chdt9Regrateeany sigsaleccenad thierator eWlerd a potential
provided to a corresponding set of anplifiers and
threalesjganbissdetiestethbysiniegrationengtiecd iy efregpcountergantroller

respective djsabl e 1 t ches lgd f . .
1 16 ringagraterentdtartcly S At raab i 30y eselik Rtegrate signals
. °h . i S .
el e e RS dog i R TP Al 2 on as
intdYy28ont eflablert WO7T pSESics Vi@ pateadaktioreat digaakffrom, counter
edch time a count is registered in procedure 248, the

coeneliert dd6si ghiahs connprisc eegisteraggimrahiftriegiptat ddb3, ncounter
procedure 260 in two res ive inte

chhirolal 16 PiaYIEBsch RASTTRI AL BB PL8 Heafigiia? duration of

.enabl e Al ' '

o B oA SRR, B PSRRI Efbiet stdrs 108, and

168 %@é'dﬁ??é@gdﬂcﬁﬁg%&iiéuw?aémpbﬂi g tiheVi ldeshrakmiset 98, and
until a predetermned integration threshold, or a

1p8gdehrilatively integratdnediheydiemns! TR 4cigede 2tgees dno a threat
poi nt the respective integrators ar

medsdet dimianeldireat eglads. o MERF SRS asézrhﬁ%g‘tél: 1;232 continue to
o e ol SR BPHRRPRIE) RSl tupetye or @
p{%ﬁet@ﬁﬂiﬁéoe timMld'ehAREHGIl, ¢ rbheRed eV IVISIERT S6inB th¥ Shestrators
are reset. Integrators 198, and 198, may also cumulatively integrate until
the end of a potential threat time period, when counter controller 116
resets all the bits in shift-registry 132 back to "0" bits. In an alternative to
procedure 260, the corresponding respective disabled switches are
enabled for a corresponding particular duration of time, each time a
potential threat signal is received, thereby enabling the generated signals
in procedure 258 to be integrated in corresponding respective integrators.
The respective integrators cumulatively integrate signals being provided
thereto until a predetermined integration threshold, or a predetermined
time threshold, is reached, at which point the respective integrators are

reset. With reference to Figure 5, according to the wavelength,
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identify a change in direction of the incom ng

radi ati on, which could be, for exanple, on the order
w@Rooaioé178seconds. It is noted that in a threatPeDU005001258

the integrators may be reset many tinmes in a potenti al

threat tine perlod 5 The ctivelnte

palabakiamanst Spatial iencaging ol eoBih GAaRderadie electric
31@55{ et@% %%ﬂeldalttﬂ/e qeegggfbirg A ﬁ?{ ﬁéeﬁtg ﬁjll ?% hra?@t S<’atta:rcﬁE respectlvely
dlfé‘rftétj et?ﬂfgré\ﬂdee 'tol4 %rregb%n@rﬁé skf (ﬁfh@nﬁlﬁle‘ré arﬁmllrstergyators

al so be reset back to "0" bits if any of the

V@Qhé@mt@@ criteria are true the sum of the rreasured
intensity level of the incomn diati on, on

det ect ilngpregeduea268f tt@a@ataapga?)ri\éaahcég@etwmm radiation is
adfeimiisch B Badhd; e, aWenT ebrel fhtedfafith ighak.  The
c&ﬁﬁﬁﬁhé%%@t@ﬁwﬂt phcddure. Je2 expMmdudef @ubtracting the

or the incomng radiation is incident on

infsYrated eigrialt dfeodetintdgrator fromi therdntedyratest sngmahs:frt@e other
these criteria, for resetting all _the bits jn

intgriaton eghetsuptraation esul isgiqrenalized bMudt\tldH’thmQ syibtraction

T T e S o
c%ﬁa@ﬁbgp tﬁluc{eh & ev?ﬁ "Rk 'aﬁ Cé?rﬂ/agycdr%%ﬁ&h Nto the

rom coun er con I‘O| I ntegrators

mié’g? hieddid9R3 of ehdiinriyratbrend, athemedlizedtooteup table. It is
egrate any signal received thereto. Wen a

noieicktitat girotedue 26%jisabxécutadt@ly st improsrdigeatbena count is

bl 117, f
fore miee 19 2eERP k6 RO RRPLHA Mg BFEIC diation

R SRR ool A, 09 oo
fdur{cFin'e Mt P@%i%'t‘ér* gheh thedunsilarsd integratedwigaal of procedure

control ler 11 a count is registered in
26bi 6 tabaelcstady ah@2provedure 262ist not kxecutes. phdith detergnce to

FEJOLtrrgnSt,lt %hlt&?&gﬁ?{ﬁﬁsl ngqleggq%fgeaq%xmﬁu %rﬁ ,c,%lﬂ@ﬁér'n%gn?roller 116
oS3 O e et 337, 5P PR S3R0Rg4 sonal
TSR, ST B0 S sy phagalie s sonal o
ml@@raton@d98?83nd0m9851uelft bit register 138 contains ag "? " obrns then
counter controller 116 provides a signal to integration enabler 117, which
in turn provides a signal to processor 200, to determine the angle of arrival
of incoming radiation 118 based on the cumulative integrated signal of
integrators 198, and 198,. Processor 200 determines the angle of arrival
of incoming radiation 118 by comparing the signals received from
integrators 198; and 198,, and provides the determined angle of arrival to
a user.

In procedure 264, if the incoming radiation is determined to have
originated from a threatening source, then the modulation frequency of the

incoming radiation is determined. The modulation frequency is
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cumul atively integrate until a predeterm ned
integration threshold, or a predetermned tine

wa booesboBd, s reached, at which point the intRQr/H2005001258
are reset. Integrators 198-i and 1982 may al so
cunulatively integrate until the end,af,.a

. . tential
deterined byeloyering thahitnvalbenead By ividing o&ﬁ@‘ \'@é’& ky the
| l. the bits, | hift - ' 132 O S T Y-S
el S B st SRS EE S Sl B aister
Tﬁ&%@&&&lh‘ﬁgn% &) BWidtehesnad ¢ BRI tedcdetinuously verify that
correspondi ng particul ar duration of tine, each tinme a
theoineamiay fdiation $é stikloriginatingifuen, a theeatepingnapurery With
t he generated sigﬁals in procedure

. ] %58.to be -
refetengeated Figureods eapding Rsobabpibethak iNFPBYRY: Rdiation 118

ougigaled BBimos pitdentaangnerllee Aot Eads, BT gt cyatue is
lot'\/\ﬁétrrggag‘li'hgnthtrgéte%ﬁ}ggi’s fb&v@mﬁ?rﬁﬁéé ea&BnBdaii Metection module

i s reached, at ch point the respective

1i 9t pasalgRRSRINRd adat . indbningefradistion t1&i gignaed from a
according to the wavel engt h, pol ari zati on and spati a
treeatediing sourbe. i ndoeiimer r agndtalles, ke thesrt determines  the
signal s generated by detector.s..192i and 1922 are each
m%g&b@m %’@Iq)‘/’etﬂ'ﬁcb’égt' eoing YT ¥ a correspondi ng

set of i fier Lot eqy, [ i :

ot ocedloRUEH< Rt EEIat g OB SpOrprle SKhieRL il cart hat the
dlsRfisdld RIEHRIqEE i€ het Nedtdel i ampdhagdédie paricularly shown and
respective integrated signals. The conparing, executed .
describad dtereinatte.cRathercthalscopst phdhendisclased technique is
I ntegrated signal, of one inhe rator fromthe
dehm@ép&ﬂxébysthgr@wm, winghdoleW. i ntegrator. The

subtraction result is normalized by dividing the
subtraction result by the sumof the two respective
integrated signals. The conparing can further include
retrieving the angle of arrival corresponding to the
integrated signals of the integrators in a normalized

| ook-up table. It is noted that procedure 262 is

executed only if in procedure 250, a count is found in

the hit register, (i.e., the probability that the

incomng radiation originated froma threatening

source is substantially high). If no count is
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found in the hit register, then the cunul ated

i ntegrated signal of procedure 260 is abandoned and
w@e@eoeIse 262 is not executed. Wth referenceP€@DIL2005/001258

Figure 5, if hit register 138 contains a "0" bit, then

counter controller 116 provhﬂﬁ a signal to

i ntegration enabler 117, Cole althwn provi des a

1 5 B B RSAE 0l d o s aPHPE T Tal VR BYF. s o

22%{0}7\% {%ﬁ%ﬁéﬁﬁﬁjﬁ%ﬁﬁg"ﬂé{ﬁ aPildastt bg8 sAOMBkethe apparatus

es a signal to integration

en@bhquis’l;ﬂ.g; which in turn provides a signal to
processor 200, to determ ne the angle of arrival .o{. q
i nconi Ag rasiation osenserbaosd dateeed c inePRing e radiation an

integrated signal. of integrators 19 1 _a ol ;
Pr 69%&@8#”@0 Il RGN a@%“ ?%f aa&?%r&gﬁ%%&d ing electric
[ nggéﬂ;ég radi ati on 118 by conparing the signals

re d fromintegrators 19S1 and 1982, and provides

t he deterRidwblangdtectdr, acouplald witha saserradiation sensor, for
procedure 264, if the incomng radiation is deternined,

t o phadlacing gi pateatial thread indicesiosneaeh Jtne ceaideleptrichaignal
modul at i on freqﬁggﬁ %E%I}qf? incomng radiation is
dete¥credsa thige l\{ﬂv q frequency isdeterm ned by

| owering th it Vv ~and. avi di wl dj [ I

by ¢ he 2aPeIeEn capBle St 6r Ui the

req thBEr cOMB phtankias thidatr ipdictions, Withinodupetential threat
frequency 1s determned in order to continuously

venrinhg pgrdd,t he i ncomng radiation is still

originating froma threatenjng soxrce. It h. ref

W |
to Fi gwhersin said geupieibRInduasp @ Iarteqtdegmaﬁl&n, T haSumber

radiati.qn 11 ri gi nat o} / a i :
Aot el Pl S A PR OB SR POt threat
al ' Sy Rgam det ection nodule 112

\Igas:[ %'tr{;errtm He tr‘?g?%fﬂt':'%%‘?ﬁg radi ation I118 ori ;i nat ed

froma threatening source. Counter controller 116 then
deternmi nes the nodul ati on frequenc i ncom

2. o | ApPAIEIS 10CAIAING &0 apEC] alwansy SoEFRGrag an optical
i itizaopBonlideShae bR o FrdBBR AR A Srry Sbcified

optical properties of said incoming radiation.

3. The apparatus according to claim 2, wherein said optical properties

comprise specified wavelengths of said incoming radiation.

|

4. The apparatus according to claim 2, wherein said optical properties

comprise specified polarizations of said incoming radiation.

5. The apparatus according to claim 3, wherein said specified

wavelengths include wavelengths associated with laser guided

weapons.
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descri bed herei nabove. Rather the scope of the
di scl osed technique is defined only by the clains,

wabioelerrel | ow. CLAIMS 1. Apparatus for detecti npCT/2005/001258

presence of |ow power radiation, said | ow power
radi ation originating fromat | east one so

A ¢ _
. apphea@pRAEIHPraGHogiNG 1o LRI TonV %r%%rsala :)tfn?éshol?g level is

detectjng i hcom At QF LAHS fd i

nesthg e cupaaaonAl bR, S Tengiy Rovel of a nofse
Si g@fﬂaﬁl a threshold detector, coupled with said

radrfation sensor, for producing a potential threat

i ndi cation each tine said electric signal exceeds a
threshold | evel; and a counter, cou&q&ign%aweaégq@ level is
potential threat i.ndicati,ons,. W.thi ' ;

P pakuigieskopanpbint e Brarabiy podsl T RN E Sl g g a singte
th LadL cadt ik iqpunber of said counted

po?gﬁ%el QF%@?‘@S?H?'H irgg{hﬁgj@; within said potenti al

threat tine period, exceeds a threat value. 2. The
apparatus according to claim11, further conprisin n )
it i d thseshiddvel is

. optliheabpparates, acpending Ity daioplledvhipteinssaid g

sensor, for filtering specified optical ' f
S sl eiBRCheY PRBPaHCoR Od achaproppasd O ERELHAMRI o
claim 2, wherein said optical properties conprise
speci fi ed wavel engths of said incom ng radiation. 4.

The P RAHHEIA GReO/IIRG t® sk M 2wheTeireisaid ahdeshold level

‘optical properties conprise specified polarizations of

saivariescardorginatdi e ime 6f daheaishpppatalysas &6edi ng to
claim 3, wherein said specified wavel engths include
wavel engt hs associated with | aser gui ded weapons. 6.

1 OCTE fl'ggéi %%@%ré@@agfgéﬂiﬁg tb%lGind 11 fhrthMreESPrisfida controller,

coupled with said counter, for resetting said counter after each said

potential threat time period.

11. The apparatus according to claim 1, wherein said threat value is

substantially determined using the following equation:

n . A !
PD)=Y¢'-(1-q) 7 =

Jj=m .]‘(n' - ])'
wherein P(D) defines the overall probability that said detected

incoming radiation originated from a threatening source,

wherein ¢ defines the probability that an individual one of said
potential threat indications, which actually corresponds to said
detected incoming radiation originating from a threatening source, will
be at or above said threshold level,

wherein ¢ is determined by a probability model for false alarms

applied to a single pulse of said incoming radiation,
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set above a proportional multiplication of the

intensity |level of a noise signal. 7. The apparatus
wa@ewoendi’ag to claim1l, wherein said threshol d Pewsl20058001258

cal cul ated by applying a probability nodel for false

alarnms to a single pulse of said incomng radiation.

8. Thevwdissairatus ait duiax I”rhlg!f“pé’ﬂcl aim1, wherein said

threshold I evel is determned exp05| ng said
r adi at V‘th@@@h@bﬂef'é‘e&sc?&itmé’ﬂ ‘)/ dThe apparat us

vart es Wikzbfyngell ee?ﬁ@@?ﬁ%"]%%@v@eﬁ Plfie 364 ingoming
useddiakiBn id %rﬁl%%a'iﬂ’sﬁﬁj 661%?\"(?&'! Aerlz® tigh@ip@ribd, to l‘d@t@ﬁmme if

conprising a controll coupled with said count er,

f orsaic petdritizd tiskdat mdl@atlen veifl ey pedidrcexhi d pot ent | al
threat tine period. 11. The apparatus according to
claim1, wherein said threat value is substantially

1 et aen o B DR SO TR 9 phein B0t el Bene i
in Y adj %r@ sginated froma threatening
303&9@% LS A

| nes the probability that an
i ndi vi dual one of sal d potential threat indications,
whi ch actually corresponds to said detected i ncom ng

15r adfd | @RparatisnadddrdingPno thiirat ¢gj nwfmemesamh | counter
be at or above said threshold |l evel, wherein q

detdstermindsbyhe modwadldn frecrusiwly @érsaudl wlatlgmnﬁvhen said
appl i ed t a s gl e sai d com
Fahegaloiunes kwered Syalvitid Bei AT vils By hyduration of

def.i ne t he
mgfmﬁﬁa%ﬁﬁ%ﬁ%w«rﬁ% e U%ﬁé%%ﬁﬁh“e 2 BlcRR |
verified, in said potential threat tinme period, to
determne if said potential threat indication wll be
14pr Ofhve egppatatusThecapting 4o uslain cbr fiirttyen compaisingL 2t least one
wherein said threat value is
temporal filter, coupled with sald radiation sensor and said threshold
detector, for filtering predetermined sets of electric signal
characteristics corresponding to spatial encodings of said incoming

radiation.

15. The apparatus according to claim 14, wherein said at least one
temporal filter is coupled with said threshold detector and said

counter.

16. The apparatus according to claim 14, wherein one of said at least one

temporal filter comprises a band pass filter.

17. The apparatus according to claim 14, further comprising a
demultiplexer, coupled with said radiation sensor and said temporal

filter, for directing said electric signal to the appropriate one of said at
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| owered as P(D) increases. 13. The apparatus according
to claim12, wherein said counter determ nes the

wore@alet78on frequency of said radiation, when BEi/tL2005/001258

threat value is lowered, by dividing said threat val ue

by the duration of tine it takes said counter to .. .

pr deasiconraitemperabiiltereprraspandingylo t%?es (Siqeling of said

according to,cl.aim1, further conprising at |east one

t eGP ﬁ‘@éhshcoupl ed with said radiati on sensor

and said threshold detector, for filtering

predeterm ned sets of electric signal characteristics |
180rTies pepeiratus acspadingl toeakzdnti Agdudhes sbmprigiagi aglay-night

radi ati on. 15. The apparatus agcordin o.clajm14
whesasisor s apdpkad Mé@s*@a'é‘n‘ép’@%ﬂp@ﬁrlv q@\’ 8?@?011@ %Bf%%ence or
wth said tihres|horhd detector and said counter. 16. The
app?g??ﬂ‘t‘?@ Yy g to claim 14, wherein one of said

at | east one tenporal filter conprises a band pass

filter. 17. The apparatus according to claim 14,

16 ur Apsdratastol deteminitenaldifeptioreot lovopplved radidticisaid low
radi ati on sensor and said tenporal filter, for . -
di reowengadiatione beginaitings frgnal at lashong SPYFFS abaid friation
of sajd atleast one tenporal, filter .corr I,hg to
t heAlSi¥ig apsenial ‘ﬁ%ﬂ'g{'&q@% {Pq AEBA fﬁag F&gﬁ?@@ﬂ?: 18.

The app . i t o clal , r conpri sing
2 day: TG APEIRETSE PRt PTG o oo ot
for detg@ctigast tibg Pgheiee sensbssniscabdsabl different 9spatial

Apparatus for determning a direction of |ow power .

r adiogttions bediind Isavdl ppeping, a#Hckt q_sa,inl r@die_quqhwla@olf detacting at

o SR oSS Skt LSRRI gpoctyeo from

CE S e SE D RS S LB o 858 ncoming
radiation into a respective electric signal;

for each said radiation sensor, at least one respective integrator,
coupled with said respective radiation sensor, for integrating said
respective electric signal;

an integration enabler, coupled with each of said at least two
respective integrators,

a threat detector, coupled with said integration enabler, for
detecting threats and producing a threat indication for each said
detected threat; and

a proéessor, coupled with said integrators and said threat
detector, for determining said direction according to the amounts of

said electrical signals integrated by said integrators.

20. The apparatus according to claim 19, further including a switch,

coupled with said at least two radiation sensors and said at least one
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| ocati ons behind said opening, each said radiation

sensor detecting at |east a respective portion of said
WO pons7181 r adi ati on, received from sai d openi NnRCHIR005/001258

converting said respective portion of said incom ng

radi ation into a respective, electric signal,; for
sar@speeiive INRJFEALJOr AteqiRgsPaGhEe é(@t‘?k?&f)”c $i3P to a

i ntegrator, ..couple I i i agi ati

sergeerrsriig Pl il A IR AR PR g e

signal; an integration enabler, coupled wth each of

said at |east two respective integrators, a threat o
21detltg apparatuplaedonding wacldirnntS gviae tedm saithinagminggiadiation

detecting threats and produci ng a thr.e?t i ndi cation

f oimpinges BpaneaciceksaidAldanst Wk radigHgRENHOTS-

coupled with said integrators and said threat

detector, for determning said direction according to

h r?e('o sg} if&t kd Calai® | svHereaor sdigd idtegration
2és‘aier |n%l'ggéfﬁ%g?S.ng%@lﬁ}ﬁeigpgigr@t g?ai\éhc)é;rdi ng to cl aigm )
19 drdnlingr dbviekudi cguplesivwivithheacto aplsadd wittleastiwo aespective
| east two radiation sensors and said at | east
onéntegpatarswia isaickgpestiverigdiationeeens@Ssai d
respective electric signal to a correspondi ng one of
said at | east one respective integrator. 2 1. The

nggﬂg(%alt %ﬁplﬁ%ﬁgdia%gom’inﬁl 3bMclfim WMigr ayAefdthd saltf ofidt@ssor

nges upon-each of said at [east two

fadd&hgiﬁﬁe%mﬁm@logaé-di@hal eppaeagns according to
claim19, wherein said integration enabling device is
coupled with each of said at |east two respective

i ntegrators via said respectiye radiati pn sensgrs. 23
24l 5 APRALRTUBc SGFATHGRE Oc IR 100 WHBPETH Saidy pfotessor
pro¢cessor._co ' di. gl L4l i i
Do e ipsts gl B EeR8n dNp s AP aB i 43 arFRIHE ! Shid glectric
pf%ﬁ@ﬁéprinfé@trsfe@_ ord bfdbaRe trbgpedives Uhtggratdragfrom said
sai d”anmount “of said electric i .

amount of said electric signal integrated by another of said respective

integrators, thereby producing a subtraction result.

25. The apparatus according to claim 24, wherein said subtraction result
is normalized by dividing said subtraction result by the sum of said

amounts of said electric signals integrated.

26. The apparatus according to claim 19, wherein said processor
determines said direction by retrieving the direction corresponding to
said amounts of said electric signals integrated in a normalized

look-up table.

27. The apparatus according to claim 19, wherein said threat detector

comprises:
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signal integrated by one of said respective
integrators from said anount of said electric signal

w0 nicegeased by anot her of said respective int eRpCHIEIES/001258

t hereby producing a subtraction result. 25. The

apparatus according to. claim?24, . rein said . .
subt r aanj epfigad Jillar, ifar ﬁ&?ﬁ‘ﬁgi §@%C'E€8d‘?9ﬁ%$n8m§zﬁndes of said
subtraction result by the sum of said anmpbunts of said

el W'@%ﬁa&f?glOQ’i ntegrated. 26. The apparat us

accor ding, §igriGh AddAdst, fehedsterting! daier dsesdiNg radiation and
determnes said direction by retrieving the direction ]
Cobbﬂﬁ@niﬁgj regid oirsaindingnuradtadiosf into da ecevespendingnglectric
integrated in a normalized | ook-up habl e. 27. .me . cal
appignal usaiscieslialion senser Aeind optigally Gavirigd yithFaig optica
deg&ctor conprises:an optical filter, for filtering
spHEfFi ed optical properties of said i ncom ng

radi at hofyegnsAdlBldAar SRISAbterfindebACitsiBalslel of said
i ncom ng radi ation and ‘converting said incom ng _

r adjadittiensighaloaadoerocesmend potaitiadtthreakirgliedtjors &agh time
radi ati on Sensor being optically coupled with said
opsaihintensitelevel axveesisor dnieshald devel; saiqditiresheld dgtector

i i vel of said electric signal and
o b AQUBISBLEERE TRAIEDEN SHIR  on each i e sai d
| L ensit Yok &Y BheC KGRBAPa k&Y, SRR MR YredaRirfhined sets of

t hr esh8l I'ng coupled wt I'd radiation

seRfstiricaigh8Pehafastetistiporadrrddgdretingfor spatialeenogdings of
predeterm ged sets of electric signal characteristics

corsais pocdimiggt cadiptibhal saidc@di lepstopneaitampecahififgr being
radi ati on, said at |east one ten(gora fil i}e{ ﬁei n
cogouptedinith said dadiafion semsQledad salthihresng'd AtesYi-
detector._ a _counjer, . CO [ ; i
pot ent iaa!cq%\?%ll;.t %Cfern &P@gﬁipgny é Wﬁl?rﬁlpr%?aggcn)%}% ﬁt ﬁg’feﬁﬁlﬂ threlaa
t higdikatibAB, RhiIPG poRbRtisIomESr tikkd P@riod, said counter being

coupled with said threshold detector and said integration enabling

device,

wherein said counter produces said threat indication, if the
number of said counted potential threat indications, within said

potential threat time period, exceeds a threat value.

28. The apparatus according to claim 27, wherein said threat detector

resets said counter after each said potential threat time period.

29. The apparatus according to claim 27, wherein said threat detector

resets said counter if the sum of said at least respective portion of
said incoming radiation, detected by said at least two radiation

sensors, is less than a predetermined intensity threshold level.
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coupled with said threshold detector and said

i ntegration enabling device, wherein said counter
w@ewdoessl said threat indication, if the nunmbepCDiL28@/ 001258

counted potential threat indications, within said

potential threat tinmg period, exceeds a.threat, val.ug,
3028 TenapRafRIHE: BCRIEH dPrgaim ef aWRErRIn WA dhietafigtector

th t, det.ect i d. G ;

poteattie iy Quptef 1, B fifieyE Fefmaor 8F saRF potehfial threat
acqidhfishd are bBuMe in AprsdtBrnmpad bieatt ofelraet or

resets said counter if the sumof said at | east

respective portion of said inconm ng radiation,

detected by said at | east twp radiation,. sensor i,S
31. edde hapataipsedeceidingde FidiBngyy YWheHeR rﬁ?i"ﬁ thteat’ detector

| evel . 30. .The appat.at us agc [ [ IR
sai eS¢t CuBBr U 94BN o f Jeefhd By HEGFLaId at
| el el Sbngbrssal d potential threal

i ndications are counter in a predeterni ned amount of

time. 5 3 1. The apparatus according to claim 27,

wherein said threat detector resets said cou&t tﬁr | f .
32 aiThe apiparaiols ascordingdier eleimd 26y wheradn saigl dhyeat value is

| east two. radiation sensors., 32. The a rat us
ac@M&)(@itﬁ‘fg'et”J q‘ﬁ&i"%‘@?ﬂ? %@%@'&M”Qrﬁ?@%ﬁbm ue is o
substantial l'y determped using thE, foll owi ng equati on:
p n\n- 1), whertDp=R(B) (deh) s theyoveral | -
probability that sai¢.det ected iI'NtorFng radi ati on

o e ey Syt Brow R e S gplpoted
IR R o e
Sroser SR 72T B POGRIGPIRR shietions of s
=, AR ShredPIBlagorks) Aol SECRARP At rie o said
detected incoming radiation originating from a threatening source, will
be at or above said threshold level,
wherein g is determined by a probability model for false alarms
applied to a single pulse of said incoming radiation,
wherein j is an index number,
wherein m defines said threat value, and
wherein n defines the maximum number of times said radiation
is verified, in said potential threat time period, to determine if said

potential threat indication will be produced.
33. The apparatus according to claim 27, wherein said threshold level is

set above a proportional multiplication of the intensity level of a noise

signal.
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0 wherein j is an index nunber, wherein m defines said
threat value, and wherein n defines the maxi mum nunber
wo@Roobioems81l sai d radiation is verified, in sai d porEmRNesAl01258

threat tinme period, to determine if said potenti al

threat indication wiJ]l be produced. 5 .33. .Th _
34appheaprarates aacaiding 19 glia,lﬂ‘lzg'? , Wherein said; threshold level is

ippaEe S Ao nAE PREBEIS, RPEEISi RS alarms to a single

Si : idNAcBRNAG ahbmtiepcor ding to claim 27,
\/\hgpg:en&fg%?@ tﬁr eshgl d level is calculated by applying

a probability nodel for false alarns to a single pulse
of said incom ng radjation

353ca‘d516dam@%madual@@qardmg o Bl S 2 PSR S A T Bseld [avel is
dbed . . Salt )
o RlaRegdsy SKBOSIREs AR bR B ad Gapidit

further conprising a respective anplifier for each

sai d radi ation sensor. 0 37. The apparatus according _
3¢. 0 THeahPp 3fatushescrrdirgptalciaimet afurtereraabplisipgdaviespective

is coupled with each of said at |east two respective

i ntenpldiesrier eaghssaid ragiationsiens@. r especti ve

anplifiers. 5 38. The apparatus according to claim 36,

further conprising a respective diode for each of said

Sfc gﬁ&%gg&@ﬁqﬂﬁrﬂ% 9 "a@{:BFoslnge?& heidifdesdle wHereRs Pesitl \éﬁﬂe)gration

Oohe Of sald respective anplifiers an .
Wi tdhaPliAgofievidblist eswsieti with| edctgioftsaic atded@st tWherespective
apparatus according to claim19, further conprising a
shuttegratosaivia shid abledsbdaoaaspactye amulifiessi d
openi ng. 40. The apparatus according to claim 39,
wherein said integration enabling device is coupled

ad" HheapParlniPh e ing & bidiMP3b SRR ¢Smprising a respective
diode for each of said respective integrators, each diode being
respectively coupled with one of said respective amplifiers and with

one of said respective integrators.

39. The apparatus according to claim 19, further comprising a shutter,

said shutter located in front of said opening.

40. The apparatus according to claim 39, wherein said integration
enabling device is coupled with each of said at least two respective

integrators via said shutter.

41. The apparatus according to claim 27, wherein said integration
enabling device enables said respective integrators for a
predetermined amount of time each time said threshold detector

produces said potential threat indication.
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5 integrators via said shutter. 4 1. The apparatus
according to claim27, wherein said integration

we@p@ble11g1 devi ce enabl es said respective i nt egPEI/r2805/001258
for a predeterm ned anmount of tinme each tinme said

t hreshol d detector O.produces sai,d potenti al. threat .
42 ndheapPparatpis ?ﬁ%o"éj;b’y?&rtﬁt 9@”@02&1’ &y s4id; Pr{elpae}?rmmed
wher ei n .sai rede ' Ld -
¢ nania p Bt o e BFRlGieRses 7F segpRadaten.
apparatus according to claim 19, wherein said
processor determnes said direction only when said
43 hTeat appactos pcookdieg i daimr ek, wiwredn i sald garocessor
The apparatus according to claim19, erein said
r edptRyNings; aalsyouestan serlyr \é’g&n ﬁﬁ'da%@@g e{f%;erﬁtwegroduces
threshold is reached. 45. The apparatus according to
cl 5?‘@&{?%'85%0'}& d predetermned threshold is
selected fromthe list consisting of: the signal
saturation value of said respective integrators and .
44 hahrmysbareitus i eecsaling afpaclaims \oulwhareiui said gespective
identify a change in direction of said radiati oH. 46.
Meiritedrators aeedesehif at predetedaines breshplddsdeacned.
incom ng radiation, said | ow power radiation
originating fromat |east one source, conprising the

" 9GRAun ] ihg" i | hBEkihaghrf ppadétei@ined
L ol
i niieRsiHoId lig\wlle@bdsiroth By ties pongistigg edfe theisigealsaturation
producing a potential threat indication each ting said .
el ealué cofsisgithi respectivs intagrataisorad| thelameypht¢ihjme said

t he nunber of said patential threat ,indicatiaons,.. .
wi EPATaso R IdaredFR A0 ﬁ%ﬂ}éeﬁi%ﬁm%oﬂn dirkction of said

radiation.

46. Method for detecting the presence of low power incoming radiation,
said low power radiation originating from at least one source,
comprising the procedures of:

converting said incoming radiation into a corresponding electric
signal;

determining an intensity level of said corresponding electric
signal,

producing a potential threat indication each time said electric
signal exceeds a threshold level;

counting the number of said potential threat indications, within a
potential threat time period; and

producing a threat indication, if the number of said counted
potential threat indications, within said potential threat time period,

exceeds a threat value.
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producing a threat indication, if the nunber of said
counted potential threat indications, within said

w@oioensizal threat tine period, exceeds a threaPCT/1L2005/001258
val ue. 47. The nethod according to claim46, wherein

ATmiThepTetaed GRCBraInEAo Gl 42 1ol Sa RaNols level s set
' | . 48, The,. h 3 ' t L M6, i .
03U, & oA HURGEPAI B BB AP agoee enose
prg@]&%jity nodel for false alarnms to a single pul se
of [

incomng radiation. 49. The nethod accordi ng
to claima46, wherein said threshold level is

46T nargborinAgoInG a1 AIRID, A0 aisTAIS S thFeshald devel is
I ' t . 5 1. _The. i M.
26 ColpiRisct DY abing & Repip G-t G TS A dng il Ringle
k AB; L d i d. 52. Th hod
f’;\g %ﬁggﬁlﬁ’oﬁcgﬁﬁn@ghe}%gr Icgn;?iesi ng the e metho

procedure of optically filtering said radiation
according to at | east one optical property o

[ sali .
49.nddre myethaxti actording3o ¢I@éﬂh€6hdﬂ“%@%rﬁﬂ'ﬂg€h(%smgi lgvel is
52, wherein saj t least one optical property is
sel@ﬁ@@t3$gh?@fﬁ3?qﬁt§ﬂn i&ﬂ%&ﬂﬁyﬁghgf . specified
wavel engt hs of said incom ng radiation and specified
pol ari zati ons of said incom ng radiation. 54. The

5dTet1"rﬁ§1 AEHRIAIaRgotdAnG! B Gldid 46hariebeis saldsibeesiolddlevel is
wavel engt hs i1 ncl ude wavel engt hs associated with | aser
guigtedtameiapons. 55. The nethod according to cl ai m 46,
further conprising the procedure of resetting said
counted nunber of potential threat indications after

' teptial t i me..pery T _
5@2;’@?%%}%{}}%? acg%ﬁ%,{c# ai el'%l'GggNn%?tf%gpn%‘QQ@ragﬁold level is
Pr QeflY Sccording to the time of day said method is used.

52. The method according to claim 46, further comprising the procedure
of optically filtering said radiation according to at least one optical

property of said incoming radiation.

53. The method according to claim 52, wherein said at least one optical
property is selected from the list consisting of: specified wavelengths
of said incoming radiation and specified polarizations of said

incoming radiation.

54. The method according to claim 53, wherein said specified
wavelengths include wavelengths associated with laser guided

weapons.
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55 def e imathed 3ceerding tPoFiRKN4ey W

56belhe oethashaecorling: tor eldHBI4p;|

of tenporally filtering said incomng radiation
according to predeterm ned sets of electric signal

W@ b@sact7er i stics corresponding to spatial encorRPCNR0@N001258

said incom ng radiation. 57. The nmethod according to

claim 46, wherein said threat Valﬁ@%ﬁ: S sgaﬁltg%& [ a‘:yl, edure

def h | i Li .cAai .
O
fg%gie?pft ﬁéletih'ﬂegt #efd pefod he probability that an

vidual one of said potential threat indications,
whi ch actually corresponds to said detected i ncom ng

di ati L) : ; h . ,
radi ation originatin roma t f@ﬁr@{e?rn{;@r}gpﬁgﬁbaﬁieﬂrééedure
det er m ned a . prababi | - for al ;

appl i éﬁmlpgrgl}/ysi E@Pé‘”gm §3fdgf Wgcg)ﬁ{a'rlkﬁccgéna@;ﬁp adlag |rc()jr|1r,]g to
whereidtelmi ' M BaRtehistRis cwsespording to
th?fa{qé}\?t\m!ﬁs,&gﬁygﬁél%ﬂp%‘gdnefi nes at he maxi num ﬁﬁbnber J
of sphtimSerfedingad stidmdmningrriafiaion.i n sai d potenti al
threat time period, to deternine if said potenti al

threat indication will be produced. 58. The nethod

577 P reshad cepaungug ght 48, TeEE R TuEK aralye s

gg§§b§{qﬂti§§y defeihfle AERGIRETBIb M PEaEathe of

erm e nodu requency” of said
&ﬁSLZfL°25iSobr55§n35228ﬁrﬁéﬁ2Pﬁt??ﬁ§°cSLEE21295f
| owering said threati-val ue as F3(' )_J( ncreases, and
L BT S 184 e D SRUBIIRY o g e
or DREnRE Bl ool Refin £ Hiieatenig Rureens, e
sunl i gfherein ¢ defines the probability that an individual one of said
potential threat indications, which actually corresponds to said
detected incoming radiation originating from a threatening source, will
be at or above said threshold level,
wherein ¢ is determined by a probability model for false alarms
applied to a single pulse of said incoming radiation,
wherein j is an index number,
wherein m defines said threat value, and
wherein n defines the maximum number of times said radiation
is verified, in said potential threat time period, to determine if said

potential threat indication will be produced.

58. The method according to claim 57, wherein ¢ is determined by field

tests in broad daylight.
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62. Method for determ ning the direction of |ow power
incomng radiation, said | ow power radiation

woeriogioeEsi ng from at | east one source, said i nPOML2G05/001258

radi ation arriving essentially collimted, conprising
the procedures of: receiving_sajd. . ncomng radiation
m @és%ur{t g &

NeS cQuPsising, the procedure
S<HiGRE ol ARG D5 RIRs SRaTRARL, |

each receive different anmounts of said incom ng
radi ation for different directions of said incom ng

60. adia irasthdd cacebraing aiod dlaioonb8g whaieini saicbrprogedure of

at least two radiation detectors as respective ,
el eeferminingyeansists of dgvering gaid dhreat elvg ase£pRL ingreases,
electric signals, thereby producing, a r,espgf:t ive

i naagr dividingnsaid theeatdvaliee §Yathe ddWehioBn el finEpntakes to
recei ving a.pqgtential. threat indication; determ ni
i f pé‘aéﬂc‘?qﬁéﬁﬁﬂ?@# tﬁ{b(#'%?ti'% or: gi Inat eld from a "

threateni ng source; and determning a direction for
said incoming radiation, if said incomng radiation

rtq eacRima6s durther cohymmigiag ithg praicddure
respective anmounts of incom ng radiation inpinging
upai dedéctireg the psesence ondbaenoa ddeuedigbt.s. 63. The
nmet hod according to claim®62, wherein said conparing
conprises subtracting said respective anmount of

o 230 TRABPA Ty PELS ok pEink i reciation.

r adizag 38\?\‘/ PHWerﬂgﬂarwaWrbr ieadhderoml abdégstabné essurce, said
two radiatlon detectors, thereby produci n? a .
sulihcaming nrackation , anhengi essemtﬂalgumcvlbm% cesuprising the
normal i zed by dividing said subtraction result by the
surprefedaias @Espect ive anounts of radiation inpinging

on said al i il PchRhG lalafish fi8ign ANSidting onto at

least two radiation detectors, said radiation detectors located behind
said opening, said radiation detectors configured to each receive
different amounts of said incoming radiation for different directions of
said incoming radiation;

providing said incoming radiation on said at least two radiation
detectors as respective electric signals;

integrating each of said respective electric signals, thereby
producing a resbective integrated amount, said integrating
commencing upon receiving a potential threat indication;

determining if said incoming radiation originated from a
threatening source; and

determining a direction for said incoming radiation, if said

incoming radiation originated from a threatening source, by
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determ ning said direction of said incom ng radiation.
64. The method according to claim62, wherein said
W@ wp@6i78y conpri ses | ooking up, in a normal i zBCI/IL2005/001258
| ook-up table, said respective amounts of radiation
I mpi ngi ng upon each of said at Ig{;\st t wo radi.at.i gn
S

deceursrig 6l dBSPRRINMG AMPHYSSAl NGBS [FHalPnImRinging
radi ati on. i i
FuipbsHi alTear o B RIRTERRAEEY. | oquci no shi d

potential threat indication each tinme said respective
electric signals exceeds a threshold |evel, said
63 0MeRt | methdd eatccondingattoorclann@dyr odieredn f sgic, comparing
predeterm ned anount of tinme. 6. The net hod a%COLdin .
g 0 comg:rm% ,sEtakr@ﬁBm% sadgl Jeppegtye amadat Qﬂﬁﬂﬂ'@ IgN ‘(’?9!’39‘”9
epends on the, characteri st ics of ' LAt 1QF ;
Bl SO ALATII PhiaRcR dBRlfbaAoR ha Bdpocte

m%ﬁ%ﬁl’tdok ?r‘é%l'iat;& %bj@@ﬁ?ﬁ@ﬁrﬂ%obmé}ﬂ@f said at least two

_ ication of the'l | evel of a noise
si gadhti6h. ddteetdve! tretebgqroduoing a subkiacii6s, reablr ei n
said threshold | evel is calculated by applyi a, ... .
p][obapg\memmrmmd gubtraciiore rasult s ﬂ@rraaﬁz%ﬂg/ dliyiding said
of said incom ng radi ati on. .69.. The ' ‘o a
£ o sUPireetias, e B S S of Geis SPaPPEDAT SpdSiits b idiation
cal, - by fiegl stig,l a j-gh JIh
mﬂﬁgﬁﬁgoré{dﬁ]ngﬁlg c%?ailrénagg, mmﬁe?g?jﬂéﬂsdar? dtjte ﬁéggtrwsdl ghereby
| evRleirfirfog s diredtidn of Bakd Midmitgaeekatibmg to claim
65, wherein“said threshold level is varied according
to the time of day said nethod is used. 72. The nethod
according to claim

2, further comprisjng.the . .
6r ngﬁjumetbpdr e%@iqrgﬁ'@ sH dcﬁat'f?‘eggzt ewhﬁgﬁlﬂntse}'?i gomparng
predet er.m n nr ol.d.i .
T e o
amounts of radiation impinging upon each of said at least two
radiation detectors, thereby determining said direction of said

radiation.

65. The method according to claim 62, further comprising the procedure
of producing said potential threat indication each time said respective
electric signals exceeds a threshold level, said potential threat

indication being produced for a predetermined amount of time.

66. The method according to claim 65, wherein said predetermined

amount of time depends on the characteristics of said radiation.

67. The method according to claim 65, wherein said threshold level is set
above a proportional multiplication of the intensity level of a noise

signal.
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threshold is selected fromthe list consisting of: the
signal saturation value of said integrated anount and

wao b@casignt of time required to identify a chargeIiznes/001258
the direction of said radiation. 74. The appar at us

di ' - i
6832331% astee apoRiNG 6r Clamy B yilTeIEdy Sa dhipae vl is
raw ngs, /p. _The . . j .
ol SIS By oSl BroSeElngRel foffisf st to a single
as pulidd'8t saiiflcbmingYadiatidie draw ngs.

69. The method according to claim 65, wherein said threshold level is

calculated by field tests in broad daylight.

70. The method according to claim 65, wherein said threshold level is

constant.

71. The method according to claim 65, wherein said threshold level is

varied according to the time of day said method is used.

72. The method according to claim 62, further comprising the procedure
of resetting said integrated amount if a predetermined threshold is

reached.

73. The method according to claim 72, wherein said predetermined
threshold is selected from the list consisting of: the signal saturation
value of said integrated amount and the amount of time required to

identify a change in the direction of said radiation.

74. The apparatus according to any of the claims 1-45 substantially as

described hereinabove or as illustrated in any of the drawings.

75. The method according to any of the claims 46-73 substantially as

described hereinabove or as illustrated in any of the drawings.
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