" 9 JUN 2004 | | N-ACTI ON BORESI GHT FI ELD AND BACKGROUND OF THE | NVENTI ON The
present invention relates to an in-action boresight for |aser designation
systems. 5 Mbdem weapon systems, which enploy |aser-guided borhsgangy 2004
m ssiles, require highly accurate alignment of their designation systens in
order to achieve a high probability of target acquisition. Traditional

nmet hods of achieving this i Y re-flight calibration of
detectors with their corresm"é%%ﬁygmﬁi@ommnl y known as

boresi ghting. G ound 10 based boresi ght systens are typically robust, heavy
and bul ky. After ground- based boresighting has been conducted, however,
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vibrations, shocks and tenperature variation. These misalignments can
significantly dagr golesdiie ifRintiohMdaRs0fo 4R INGcElss| BHRLIMR AYSUsHE. To
overcone the m sali'gnnment problem 1n-flight boresight systens -have been
devel oped which can be operated a short tinme prior to weapon operation.
Thus, the deFEARIOAFEHERSt hat coul d normal Iy have occurred from -

boresi ghting to designator operation are significantly reduced. These _
systeng, 20. hougy&Hh v@ézﬁ)o‘hy%yﬁ%lﬂs}/ FRiskeh Ué}nﬁlfoya bR RiAOBSmBE aRyi cal
conmponent s whi ch ,

missiles, require highly accurate alignment of their designation systems in order
to achieve a high probability of target acqpisition. Traditional methods of
achieving this involve ground-based pre-flight calibration of detectors with
their comesponding designator, commonly known as boresighting. Ground-
10 based boresight systems are typically robust, heavy and bulky. After ground-
based boresighting has been conducted, however, misalignments can develop
between the detectors and designators due to environmental conditions, i.e.
mechanical and thermal loads including vibrations, shocks and temperature
variation. These misalignments can significantly degrade the performance of
15  the designation systems.

To overcome the misalignment problem, in-flight boresight systems
have been developed which can be operated a short time prior to weapon
operation. Thus, the misalignments that could normally have occurred from
boresighting to designator operation are significantly reduced. These systems,

20: however, are typipa]ly made up of a large number of optical components which

have the potential for introducing further thermo-optical errors and are prone to



"havé the potential for introducing further therno-optical errors and are

prone to 9 JUN 2004 2 in-flight msalignnment. Furthernore, cgg;m gpﬁt hods
rely on | ocal heating of specific types of targets, such as c N 04
using laser radiation in order to generate hot-spots, which are then
detected by sensor systens- These rret@ods have nunber of drawbacks, which
are di scussed below. 5 As an exanpl e, consider Figure 1 which shows a

- target 500 where a |aser beam (not shown) is incident on the target

surface H03A; 'Rl md8s [ ed- by
t ar get 53’8%%]3 hﬁhsﬁ?)é?g%ﬁft}gﬁﬁt n a dtfg’n‘%é‘@?ﬁ'?’%é‘%?? sItEBi Bﬂtlfc‘%{‘ﬁq&c}%&ﬁgr‘g@t
surface 502_ Concentric closed | oops 506, 508 and 510 are isotherns (lines

of const sprciiietpeesapiitergsts, tsuclheas serafmes; BB lased radiitioat m arddd toypi cal
tenperature distribution caused by | aser spot 504. The tenperature is

hi ghest S ﬂg&; | ' .S e 111 be
.readily Qé g&%@%g{(}gt gESt’ ﬁ’%cﬁg g? er n‘g@tgﬁgdw%%ngﬁghg%&gr Zﬂ?% 8’5:‘1%?3%
“non-circular and non-synmetric around | aser spot 504. This is due to

“asymet rhavegyaben elgdrawhreks, whigh amadiseussed baltw.nakes up target 500. Thus,
a sensor (not shown) that is 15 operative to detect the |ocal heating which

resulsts from A3sey exfAbled Ubnsiet IFighiaCPIKEh ! hotRt §Ghredt t’%ﬁ for
exanpl e, instead of thfé E:orre]ct cé ter 501 of 0I aser . 055%?04 é above
description_illustrates a_nunber of najor drawbacks of current boresight

syst ens.Jaggsrigapy, (nof shewndis weidanken thpitanget yirfss- g thegeby generating
laser spot 504. Heat is conducted by target 500 and this results in a temperature
distribution on target surface 502. Concentric closed loops 506, 508 and 510 are
isotherms (lines of constant temperature on target surface 502) and indicate a
10 typical temperature distribution caused by laser spot 504. The temperature is
highest at laser spot 504 and decreases with radial distance. It will be readily
appreciated that isotherms 506, 508 and 510 are in general non-circular and
non-symmetric around laser spot 504. This is due to asymmetric conduction
within the material that makes up target 500. Thus, a sensor (not shown) that is
15 operative to detect the Jocal heating which resu]t:;; from laser spot 504, will
incorrectly detect a center 512 for example, instead of the correct center 501 of

laser spot 504.
The above description illustrates a number of major drawbacks of
current boresight systems. Firstly, a period of time, which is non-negligible
20 when compared with the time required for boresighting, is required to heat
target surface 502 at the center 501 of laser spot 504 to a temperature that

allows sensor detection (typically 25 degrees Celsius above target surface



" 20 when conpared with the time required for boresighting, is required to
heat target surface 502 at the center 501 of |aser spot 504 to a
tenperature that allows sensor detection (typically 25 degrees QC@IUSN 9804
above target surface -9 JUN 2004 3 tenperature). Secondly, a specific
target type is required, such as certain ceramcs, which has the
particul ar conductive properties required for generati ng thermally

- detectable |aser spot. Thirdly, asymretric conduction on the target
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the system Fourthly, in order to effect thermal detection, a | arge nunber

of addi t icerahicopwhivdl hasahepartenia caighicties pdﬁjﬁdtléwreqbﬁeddsr gﬂ&trh@ﬁ'% system
As menti oned above t hese additional optical corrponents i ncrease

probabi | i of {q..msal | t and re uce aeccurac 0 There IS
thereforéﬁé’ rmally e tccfag!:: ¢ laset, PRRt gljﬂ@]yagcydnm TPy i ’t?rneépdﬁ? tagggt ch has a
m ni rum of additional optical conmponents. The system should not rely on

| aser heatiface,af depeded igcaphacalbt 5, Figmtre dhoank desudtt ineincdatecdetastiqpbf cal
| aser spot. This would both increase the system accuracy and elimnate the
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specific target tty but should all ow boresighting on a variety of

t ar get s. oBlgWMVIRYE @ctTHEmN\]/EdﬁTIBC]}Dn ‘a large number of additional optical
components must be added to the designation system. As mentioned above,
these additional optical components increase the probability of in-flight
misalignment and reduce accuracy.

10 There is therefore a need for an accurate and rapid in-action boresight
which has a minimum of additional optical components. The system should not
rely on laser heating of specific targets, but should rather detect an optical laser
spot. This would both increase the system accuracy and eliminate the time
required for heating a target, thereby reducing the overall boresighting time.

15 Furthermore, the system should not be limited to a specific target type, but

should allow boresighting on a varniety of targets.

SUMMARY OF THE INVENTION
The present invention is a method for in-action boresighting of
designation systems.
20 According to the teachings of the present invention there is provided, a

method for boresighting of a designation system, including a tracker responsive



"The 'present invention is a nethod for in-action boresighting of

desi gnation systens. 20 According to the teachings of the present invention
there is provided, a method for boresighting of a designation syStHiN 2004
including a tracker responsive -9 JUN 2004 4 to a detector with reference
to an indicator, conprising the steps,of (a) directing a beamof |ight at
a target, using a |light source, so thdt the beam of light is reflected

. froma spot on the target while the spot tenperature renmains substantially

on e e eckrSSHR GeRenE Pl Pl Somt OeT SieERE et ld) afing or "ana

i mage. There is furthernore provided, in a boresighting systemfor aligning
an i ndi qahenm Witlighanti aeggefusing pdignrsoardarsgethat ahenbelmmdoblight is
di spl aying.the alignment, conprising the steps of providing a video

noni t or; d.displ aying _a 10 representati.on,of the jndi oget her with
a represé%?eé’lni”% o tahgpf’trré)é]e tﬁ fa g \Wltl-ﬂl%o ﬂi’ﬁ)rﬁptogr{.engiﬁ?%b?{)élgéﬂﬁl ON OF
THE DRAW NGS The invention is herein described, by way of exanple only,
with refelssenstiallyo comstanic (bjfaoysing adrlewstnpmt ofhdheeiaflectesl Hgt ag as a _
schematic depiction of a target with a [aser spot incident on its surface
(pri 5 aEI;[]gg-e on the detector; and (c) determining a misalignment of the indicator and V

1mage.

There is furthermore provided, in a boresighting system for zﬂigning an
indicator with an image of a spot Qﬁ a target, a method of displaying .the
alignment, comprising the steps of providing a video monitor; and displaying a

10  representation of the indicator together with a representation of the image on

the video montitor.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention is herein described, by way of example only, with
reference to the accompanying drawings, wherein:
15 FIG. 1 is a schematic depiction of a target with a laser spot incident on
its surface (prior art);
FIG. 2 is a schematic depiction of a designation system constructed and
operative according to the teachings of the present invention,
FIG. 3 is a schematic depiction of a video image before boresighting;
20 FIG. 4A is a schematic depiction of a video display after boresighting by

moving a cross-hair; and



"FIG 2 is a schematic depiction of a designation system construd ef)jpriggs
operative according to the teachings of the present invention; FIG 3 1s a
schematic depiction of a video inmage before boresighting; 20 FIG 4A is a
schematic depiction of a video display after boresighting by noving a
cross-hair; and 9 JUN 2004 5 FIG 4B is a schematic depiction of a video
di splay after boresighting by noving displayed pixels. DESCRI-PTI ON OF THE
PREFERRED EMBODI MENTS The princi pl es and operation of the in-action
bor esi ght acc i ; i i o+ rst ood
W th referencgngan?ﬁ%ggggﬁFﬂgéagﬁgﬁaéﬁgaéﬁg%%ggﬁggﬁ%ﬁﬁgggﬁggPFg%g9Referring
again to the draw ngs, . Figure 2 shows the designation system 10, which is
made up BevHE dsplayedBixpkat or 14, receiving optics 28 and a detector 16,
which are all nounted on a rigid ginbaled base 12. Rigid ginbaled 10 base
12 is required for the nounting of all conmponents so as to mnimze the
possibility. of msalignnent between the various conponents. A
synchr o E8URIRTIOREOESI HFEREBERREED R BIMBIMIEN NS bet ween | aser desi gnat or
14 and detector 16. A tracker line 17 connects detector 16 to a tracker
11. Preferably, tracker 11 is connected to a video nonitor 21 via a video
line 19. 15 Dyl prBeiplas adsepsrntion jof the si-tactor doaesightdcooasdiog tR theom a
target 22, where Ris

5 present invention may be better understood with reference to the drawings and

the accompanying description.
Referring again to the drawings, Figure 2 shows the designation system
10, which is made up of a laser designator 14, receiving optics 28 and a
detector 16, which are all mounted on a rigid gimbaled base 12. Rigid gimbaled
10 base 12 1s required for the mounting of all components so as to minimize the
possibility of misalignment between the various components. A
synchronization line 13 synchronizes the operation between laser designator 14
and detector 16. A tracker line 17 éonnects detector 16 to a tracker 11.
Preferably, tracker 11 is connected to a video monitor 21 via a video line 19.
15 = Designation system 10 is positioned at a distance R from a target 22, where R is
referred to as the range-to-target. Target 22 is usually remote, relative to
designation system 10, such that R is typically greater than 1500 meters.
In bnief, the objective of boresighting is to align an indicator, such as a
cross-hair (not shown), encoded in tracker 11, with a laser spot image (not
20 shown). After boresighting is complete, typically a cross-hair indicates the

location of a laser spot center on target 22. The indicator and laser spot image



‘reférred to as the range-to-target. Target 22 is usually renote, relative
to designation system 10, such that Ris typically greater thangl%08 2004
neters. In brief, the objective of boresighting is to align an indi cator,
such as a cross-hair (not shown), encoded in tracker 11, with a | aser spot
I mage (not 20 shown). After boresighting is conplete, typically a
cross-hair indicates the | ocation of | aser spot center on target 22. The
i ndi cator and | aser spot inmage - 9 JUN 2004 6 nay be sinultaneously

represent ezgfa e gsgéli_lﬁﬁgeé)%ergr@se%t@& efery gide'ta)m?ﬂ%}gge N, of él{%?r%rﬁc? sent

e
i nventi of. air SEér spot 1 nage are splayed aneously
on video nonitor 21. Boresighting of designation system 10 is achieved
accor di ngnmbodiment ohithe gregpas  mventedn;:a stergehair abddles¢rgppoti vnagseme 11 -
| aser-spot detection; stage IlIl - signal processing; and stage IV -
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the stages, as well as their interrelation, are described in detail below.
I n St agesystemnhd0pisr pobieved dcsondingetsi gour onain4siagegienrgaht i #geeil e
creating 10 a |l aser spot 26 on target 22. As a preferred.enbodi nent, |aser

VT ibe HEubRE e HE S EPRCIGCRln  S5EE IEL sibhal HOBBtaRE IR 2.,
spot 26 can also be fornmed on particles wthin target 22. Laser designator
14 is typiagal IV a poisskgnant corwgtion. vIikasp| stages gimust ercapeéhoean be
pul sed at a wi de range of frequencies (alternatively
sequentially, starting with stage I and ending with stage IV. The features of
each of the stages, as well as their interrelation, are described in detail below.
In Stage I, the purpose of laser designator 14 1s deéignating, 1.e. creating
10 alaser spot 26 on target 22. As a preferred embodiment, laser spot 26 is formed
on the surface 24 of target 22. If target 22 is a diffus¢ body, such as a cloud,
water droplets or even pollution, laser spot 26 can also be formed on particles
within target 22. Laser designator 14 is typically a pulsed infra-red or visible-
light laser which can be pulsed at a wide range of frequencies (alternatively
15 pulses per second, PPS). Laser designator 14 is activated in external triggering
mode by detector 16 via synchronization line 13, therei)y producing laser beam
20. Laser beam 20 is directed towards target 22 and is incident on the target
surface 24. Incident laser beam 20 creates an optical laser spot 26 on target
surface 24, which is reflected from surface 24 and produces a reflected beam
20  which is referred to herein as the laser echo 27. Optical laser spot 26 is

“optical” in the sense that laser beam 20 is merely reflected from surface 24 and

does not appreciably change the temperature at the location of target 22 where



© 15 pul ses per second, PPS). Laser designator 14 is activated in external

triggering node by detector 16 via synchronization line 13, th ;ﬁl? 0
produci ng | aser beam 20. Laser beam 20 is directed towards té'rg %22 zgil’id
is incident on the target surface 24. Incident |aser beam 20 creates an
optical |aser spot 26 on target surface 24, which is reflected from
surface 24 and produces a reflected beam 20 which is referred to herein as
- the laser echo 27. Optical laser spot 26 is "optical" in the sense that

| aser begmAfcl@nlPiRle 1458f hafd 28 bl biag (RN 2h@Nftd G0RAladREr eCi ably

change t he terriperaiture at t ocation of targe 2 where - 9 JUN 2004 7 it
I's incident- Thus, |aser echo 27 can include visible, infra-red or near

i nf r a- r edvavelengthendngsneral, gegrirsairface 2dgurayshe tepwosad whyanyepastallysed of
any partially reflective substance: even certain atnospheric conditions or

clouds copgLifyd Subst '&a@bgn rc@hhﬁ%ﬁﬂ@sﬁ%%%ﬁéﬁs sheuhdisbsimiasi zed

that the purpose o aser beam 20 1s'not to cause | ocal beating of target
surface 24, but rather to generate _an optical .|aser spot 26. |In stage 11,
target densablyoreflectivesutlepes- 1 showehbspemphpsized dhatsihet Purpose of ilagerdent on
receiving optics 28. Laser echo 27 is focused by neans of receiving optics

28 regul tlng 201d @?%%u%%?ﬁeéﬁﬂg%‘f 'ﬂ.aggégPﬁkﬁ@{?@!?ﬁuﬂﬂﬁé&tt@rge}a@i‘atgo 10

ef fect detection | aser echo 27, "dete 16 incorporates a sensor 15 of
sonme kind. Typical exanples of sensor 15 include Forward-Looking Infra-Red
(FLIR) senswticablasangiad@dcoupl ed Devi ce (CCD) such as G CCD and EBCCD

In stage II, target detection, laser echo 27 from optical laser spot 26 is
incident on receiving optics 28. Laser echo 27 is focused by means of receiving
optics 28 resulting in focused beam 29 which is incident on detector 16. To

10 effect detection of laser echo 27, detector 16 incorporates a sensor 15 of some
kind. Typical examples of sensor 15 include Forward-Looking Infra-Red
(FLIR) sensors or Charge-Coupled Device (CCD) such as GICCD and EBCCD
sensors, for example. Detector 16 triggers and synchronizes laser designator 14.
This means that a laser pulse is initiated by detector 16 and then the detector

1S integration time is set to a time-frame window on which laser echo 27 1s
expected to be received. This window corresponds to -any reasonable range to
target R. A range gate is employed to eliminate spurious light signals from
short ranges (typically less than 1500 meters). Thus parallax errors, which
could cause misalignment, are eliminated. The focusing of beam 29, which is

20  incident on detector 16, results in the formation of a laser spot image 23 on the

surface 18 of sensor 15. Background light {not shown), from the target for

example, is also incident on sensor surface 18. All hight signals incident on



- sensors, for exanple. Detector 16 triggers and synchroni zes |aser
designator 14. This neans that a laser pulse I's initiated by,@e&yﬁéﬁmﬁ16
and then the detector 15 integration tinme is set to a tine-frane W on
whi ch | aser echo 27 is expected to be received. This w ndow corresponds to
any reasonable range to target R A range gate is enployed to elimnate
spurious light signals from short rarges (typically |less than 1500
.meters). Thus parallax errors, which could cause misalignnment, are

esul to (RO iR B BreiBEf Bkl £ mhd wodaleilp il wlBe hE e o>

sensor 15. Background |ight (not shown), fromthe target for exanple, is
al so i ncitdentckenlkensor surface 18. Al |ight signals incident on 9 JUN
2004 8 sensor surface 18 are received by detector 16 and transferred via
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light that is incident on 5 sensor surface 18. (The preferred nethod
enpl oyed coordinttee v labers spet oinagru23exhd bbdcgronnd diglitl thpt Goencidestt es of -t he
center (not shown) of |aser spot inmage 23 and background |ight, which are
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rans via video I'ne- 0 Vi deo
moni tor 21 where these coordinates are visually displayed. It is 10pointed
out t hat latedsodétadg & orgduatesind the gentdr (notghoping pé daden spotvamaget 33 aid

background light, which are stored as successive video frames in tracker 11,

can be converted into a video image 40 (see figure 3) and transferred via video

line 19 to video monitor 21 where these coordinates are visually displayed. It is

10¢  pointed out that video mmage 40 can be stored or displayed in a varety of
virtual or physical forms, such as random-access memory, rriagn'etic tape, etc.

Figure 3 1s a schematic depiction of a video image 40, showing a laser

spot image 46, background light 49 and a cross-hair 45. Laser spot image 46 is

located with its center at a spot image center 47 and cross-hair 45 is located

15 with 1ts center at a cross-hair center 48. Cross-hair 45 may be synthetically

| generated on video image 40 with its coordinates encoded in tracker 11 (see

Figure 2). Thus, video image 40 simultaneously represents laser spot image 46,

cross-hair 45 and background light 49. In general, laser spot mmage 46 and

cross-hair 45 are not initially coincidental (if laser spot image 46 and cross-hair

20 45 are coincidental, then the system is boresighted). The misalignment,

between spot image center 47 and cross-hair center 48 is designated M in the

figure.



"virtual or physical forns, such as random access nenory, nagnetic tape,
etc. Figure 3 is a schematic depiction of a video image 40, sbhan ?094
| aser spot image 46, background light 49 and a cross-hair 45. Laser spo
image 46 is located with its center at a spot inage center 47 and
cross-hair 45 is located 15 with its_center at a cross-hair center 48.
Cross-hair 45 may be synthetically ge%erated on video inmage 40 with its

. coordi nates encoded in tracker 11 (see Figure 2). Thus, video inmage 40
sinultaneousléﬂpe resents |aser.s cr oss- hai

46, 5 d
background | i gary, RERQ3e,PE s a&‘fe ﬁmgfﬁ“a?rréagesﬁglgarf& fo agtfg'?’mﬁ r 45 are

not initially coincidental (if |aser spot image 46 and cross-hair 20 45 are

coi nci demiisaligrimient Mh&hisyRinetion $s parfesnghbedjackdintl nvhahi gmnpuits thdet ween
spot |mage center 47 and cross ha| r center 48 is designated Min the

figure. - .9 JUN 2 The pur posg, of ,sta 111

Proocessi HYS2EIRE) d&é‘?%eﬁg éﬂnfi %r?gﬁf Hd s"“’r‘%ﬁ‘&’ Sﬁnéég@gr]ﬂ}ﬁ med by
tracker 11, which conputes the mi salignnment M between spot inage.center 47
“and cr ossighal-to-nenteantid 3(SNRe ofsiaynnl spoo- Inwigee 46ais eropdifonel tbager spot

i mage 46 is proportional to the 5 reflect|V|ty of target surface 24 and
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| ow SNR the tracker | | rrust [ ntegrate several (e.g. 20 to 40) video
i mge fr&rdhuspwheder combamdionaoe lgw detget refpaivitymage repge-to-target R
preferred
results in a low SNR, the tracker 11 must integrate several (e.g. 20 to 40) video
image frames m o.rder to accurately detect spot image center 47. A preferred
method for achieving this 1s discussed below.

10 Coordinates of laser spot image 23 and cross-hair 45, which are encoded
in tracker 11, can be transferred via video line 19 to video monitor 21, for
visual display, much like that shown in figure 3. Cross-hair 45 may be
synthetically generated on video display 44 with its coordinates encoded in
tracker 11 {(see Figure 2). In general, a video display image processed by

15  tracker 11 contains laser spot image 46 as well as background light 49.

In general, a video frame processed by tracker 11 contains laser spot
image 46 as well as background light 49. Laser designator 14 is limited in that
it can only operate at a maximum frequency of approximately 15 pulses per
second (PPS). Thus, a video format is selected which is some multiple of laser

20  designator 14 operating frequency. For example, in order to detect only laser

spot image 46, laser designator 14 is triggered at one half of the video frame

rate of video monitor 21. Thus, if the video frame rate is 30 Hz, such as in



“nmethod for achieving this is discussed bel ow. 10 Coordi nates of | aser spot
I mge 23 and cross-hair 45, which are encoded in tracker 11, cﬁﬁ RN 2004
transferred via video line 19 to video nonitor 21, for visual display,
much i ke that shown in figure 3. Cross-hair 45 may be synthetically
generated on video display 44 with it% coordi nates encoded in tracker 11
(see Figure 2). In general, a video Jisplay | mage processed by 15 tracker
| I contains |aser spot image 46 as well as background light 49. In

general , ' a : VAR 1 ' I I mage
46 as wel _ggp acE%T%%%gﬁgﬁgﬁ?gﬁéa]Egéggégggﬁgﬁggg%éﬁgﬁ?ééﬁﬁﬁg?ggs?n t hat
it can only operate at a maxi mum frequency of approximately 15 pul ses per
second (PRSyh iThalf the RS4EQ fhonamframs-mes. esltemhalitvebh if she ondeonitanipl e of

| aser 20 designator 14 operating frequency. For exanple, in order to detect

only | as . t gyl . r ' 14 i Is hal f of
t he: vi d'eggtﬂ]?élr%g H?’g?g:%o? ]\}]I ggan%gﬁﬁgggﬁge%g?éﬁ y ?%g‘?ﬁggtﬁF ?g?e rate is
30 \Hz, such as in 9 JUN 2004 10 RS170 format, |aser designator 14 is

tri gger e@P&t Tiss pesudlesnpide rseepitun pPrIpserwgriat imageham fevere eRS1 ¥ddmr mat
frame-rate. Alternatively, if the video frane rate is 25 Hz, such as in

CCIR 4 or gBi,e érﬁfﬁg uﬂgéé QRAE R 1a5er g}gbtgdrx]f %ﬁ%ﬁda\lidé@ framd,op.vild FefegsSul ts in

the reception er spot I ma y even video’5 franme and an
i mage with'no | aser spot on every odd video franme, or vice versa. Tracker

11 then Trackgr ddehen Hategiates theamen framgs in pshirsiengnprnphark 32 antithene

) odd frames in a second memory bank 34. In this manner, tracker 11 processes
laser spot image 46 in first memory bank 32 and simply discards background
- light 49, from second memory bank 34, simultaneously.

10 . Due to the short integration time, onfy laser spot 1mage 46 1s stored in
first memory bank 32, because background light 49 data does not exceed
inherent tracker 11 noise levels. In this manner tracker 11 accurately determines

| spot image center 47. At this pomt, tracker 11 contamns the coordinates of both
spot image center 47 and cross-hair center 48. Thus, tracker 11 computes a

15 misalignment M between spot image center 47 and cross-hair center 48.

In stage IV, Misalignment Correction, boresighting is completed in
tracker 11, by aligning spot image center 47 and cross-hair center 48. For visual
display, it is desirable to keep cross-hair 45 as close as possible to the center of
video display 44. Two preferred methods are employed to achieve this. The

20  first method is described with respect to figure 4A and the second method 1s

described with respect to Figure 4B.

The first method is often employed when spot image center 47 of laser



odd franes in a second nenory bank 34. In this manner, tracker_gj‘ﬂhggﬁﬁfes
,.laser spot inmage 46 in first nenory bank 32 and sinply discards
background 1light 49, from second nenory bank 34, sinultaneously. 10 Due to
the short integration tinme, only |laser spot inmage 46 |Is stored in first
menory bank 32, because background Iiaht 49 data does not exceed inherent
tracker I | noise levels. In this na# er tracker | | accurately determ nes
spot image center 47. At this point, tracker 11 contains the coordi nates of

bot h i, ; i )
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center 48. In stage |1V, Msalignment Correction, boresighting is conpleted
in trackefigids 4Ay Iatlig msignep bordsigymgcie mchievdad byrmpov mgserossihaircnt er  48.
For visual display, it is desirable to keep cross-hair 45 as cl ose as

possi bl egto the n of - Vi 4SS a € r ds, are
enpl oyedﬁt()%] a%hfli%geél.?’ ?ﬁsﬁger\régﬁ% %lk rg %‘m%‘?(%’ﬂgrg“’%é?{é‘?‘f b(% téﬁ?]ﬁé}r Zss pect to
figure 4A and the second nethod is described with respect to Figure 4B.
The fi r stoimeideothli svith t ditstenspady athaghercesisat 47pagehichnteorrespornds | tiser - 9
JUN 2004 11 spot inmage 46 is sufficiently close to the center of video

di splay i.cipdqhp,fi : his. | nce, resi ’l S ,
achi essedégsi/aq%ggﬁ%ﬁ% jcfra'oss- Saia?&ggb&%%h]ﬂgé’f :mrsestcelé{regsgfﬁaﬁg %@h?ﬁ %g to a

second cross-hair center that is coincidental with first spot inmage center
47, whi ctoivordentaboritis first spot image center 47 and'is close to the center of video

display 44.
The second method is often employed when a first spot image center 47’
of laser spot image 46 1s not sufficiently close to the; center of video display 44
10 - as depicted in Figure 4B. Here, the misalignment between first spot image
center 47’ and cross-hair center 48 is M. In this instance, boresighting is
achieved by moving the entire video display 44, excluding cross-hair 45, to a
new matrix of pixels. In general, the display of the correction of misalignment
M’ is achieved by utilizing vertical columns of synthetic pixels 50 on the side
15 of video display 44 and horizontal rows of synthetic pixels 52 at the top (or
bottom) of video display 44 For example, if the display is moved towards the
left-hand side such that vertical columns of synthetic pixels 50 are added to
video display 44, then corresponding columns of pixels (not shown) on the
right-hand side of video display 44 are removed from video display 44. Thus
20  video display 44 maintains its original size. In this manner the entire video
display 44 is mm.zed laterally and longitudinally such that a second spot image

center of laser spot image 46’ is coincidental with cross-hair center 48, and is



"5 msalignment M. Thus, after boresighting, the center of cross-hair 45
is coincidental with first spot inage center 47 and is close to the center
of video display 44. The second nmethod is often enpl oyed wher aJUiN 2804 spot
i mge center 47" of laser spot inmage 46 is not sufficiently close to the
center of video display 44 10 as depifted in Figure 4B. Here, the

m sal i gnnment between first spot inage Center 47" and cross-hair center 48

- is M. In this instance, boresighting is achieved by noving the entire

vi deo di i =.haj 5, toa newmatrix of pixels. In
general,§?%§¥%€§STgéﬁ%%ﬂ?ggwgggfggpgga4gf m salignment M is achieved by
utilizing vertical colums_ of synthetic pixels 50 on the side 15 of video
di spl ay 44 andt ol boapprectated thit Spnatimeei mvpitien sulfitlsathet heedt by gor
botton) of video display 44. For exanple, if the display is noved towards
the Ileft; [ V] | f Akhgtd iy 50 are
added to%Cgﬁgg%%gggﬁﬁgghﬁ%?ﬁ?ﬂéﬁ&%g rgggg%gﬁﬁg g&Péﬁns ofégfggﬁghé%ot
shown) on the right-hand side of video display 44 are_ renoved from video
di spl ay @nticghegmponeptsddorgsightiag iadbagsed enadhpgetecdionr phamaiptisplzlasen n this
manner the entire video display 44 is noved laterally and | ongitudinally
such $hatpd SRE0AIsSAPtellrfRidfes BRNNELH Tbr tASES Ahs! MRAR A%urdsy s |
CO|nC|den€aI wi'th cross-hair center 48, and”is - 9 §UN 2004 12 thus cl ose

to the center qof vjdeo display 44. It w_ | be appreciated that the above
i nvent i oftareased) and fhxea ggn@%pn@nrequlrcd for heating a target is elirmnated. >

Furthermore, boresighting can be performed on a variety of targets, thereby

increasing flexibility and versatility.

It will be further appreciated that the above descriptions are intended
10 only to serve as examples, and that many other embodiments are possible

within the spirit and the scope of the present invention.



~accurate and rapid in-action boresight which has a m ni mum of additional
optical conponents. Boresighting is based on the detection of an optical
| aser 5 spot and, as such, elinmnates the need for targets heafi ggN tés
accuracy is increased and the additional tine required for heating a
target is elimnated. Furthernore, baresighting can be perforned on a
variety of targets, thereby increasing flexibility and versatility. It

- will be further appreciated that the above descriptions are intended 10

only to spHYer &S CaxRIMEgsIS:and that nmany other embodinents are possible
wWithin the spirit and the scope of the present invention. - 9 JUN 2004 13

WHAT IS CLAIMED IS: 1. A nethod for boresighting of a designation system
including a tracker responsive to a detector with reference to an
i ndi cator, conprising the steps of: (a) directing a beamof light at a

target, ysingpanetlidd fSOb6eSightiagtdfad déagﬂathﬁﬁayaéml iSthding & ¢fdcget €d from
a spot on said target V\/m I e a terrperature of sald spot remai ns

substantial ly constglg‘E J}o si ng at east part of said reflected |ight
as. an i nEFEOBHVE fea eé‘é?"o‘?“ TP B@Péi“ Cﬁ?‘ﬁgc%“m@!ﬂ& RIFERS BF t he

i ndi cator and said inmage. 2. The met hod for boresighting of a designation
system aga)r ecl:lir@@hﬂg1 aChedimVof light at a target, using a hght source, so that said

beam of light is reflected from a spot on said target while a temperature of said
spot rernains substantially constant;

(b)  focusing at least part of said reflected light as an image on the detector;
and

{c)  determining a misalignment of the indicator and said image.

2. The method for boresighting of a designation system as recited in claim

1, wherein said beam of light 1s a laser beam.

3. The method for boresighting of a designation system as recited in claim
2, further comprising the step of:
(d)  displaying simultaneously, on a video monitor, said 1image along with

the mndicator.

4. The method for boresighﬁng of a designation system as recited in claim
3, wherein said determining is effected by steps including:

(1) integrating said image and background light together in a first



"1, wherein said beamof light is a |laser beam 3. The nethod for
boresighting of a designation systemas recited in claim 2, further
conprising the step of (d) displaying simultaneously, on a v#dbqnnpgbﬁgw
said image along with the indicator. 4. The nmethod for boresighting of
designation systemas recited in claiyp 3, wherein said determning is
effected by steps including: (i) integrating said i mage and background
light together in a first 9 JUN 2004 14 nenory bank; and (ii) integrating
only sai Qﬁgﬁgﬁ n ight in a second nmenory bank. 5. The nethod for
boresighﬁ?ng f %ﬁ%ggﬁgnation systemas recited in claim3, wherein said
indicator is djisplayed on said video nonitor as a cross-hair. 6. In a
bor esi ghti ng §ykt emtegiatiagiay sgiddreckgiung: laghtun arsegand measgerydfank. spot on
a target, a nethod of displaying the alignnment, conprising the steps of
(a) providing a video nonitor; and (b) displaying a representation of the
i ndi cator together with a representation of the imge on said video
"nonitor. 7. The method for displaying the alignment as recited in claimé®,
further 3conphhsimgthed dosbejesihting) ofnp designatien syrdemasoiecited ap glainy st
indicator center to a second indicator o

3, wherein said ind:cator is displayed on said video monitor as a cross-hair.

a

6. In a boresighting system for aligning an indicator with an image of a
spot on a target, a method of displaying the alignment, comprising the steps of:
(a)  providing a video monitor; and

(b)  displaying a representation of the indicator together with a

representation of the image on said video monitor.

7. The method for displaying the alignment as recited in claim 6, further
comprising the step of:
(c)  moving the indicator from a first indicator center to a second indicator

center.

8. The method for displaying said alignment as recited in claim 6, further
comprising the step of:
(d) moving a first image center to a second image center by changing a

displayed matrix of pixels on said video monitor.



"center. 8. The method for displaying said alignment as recited in claim®,
further conprising the step of, (d) noving a first image centef fiy ?ggi,
second i mage center by changing a displayed matrix of pixels on sald video
monitor. 9 JUN 2004 15 9. The nethod for displaying said alignnent as
recited in claim6, wherein said indig§tor is displayed as a cross-hair.
ABSTRACT OF THE DI SCLOSURE | N- ACTI ON BORESI GHT A net hod for boresighting of
- a designation system including a tracker responsive to a detector with

reference to aMhd ARIRAL RIdipBY e A8 bEnBERPad ccﬂiefl‘?[fitc?z?gh?,awn&ae of 11ght

at a target, using a light sourc so t the beam o IS reflected
froma spot,on . the tayget ile a tenperature of the spot remains
substantFﬁF1V“h%%ﬂ%§gﬁﬂﬁaﬂéﬁhﬁ%ﬁﬁﬁﬁhﬂUFther i ncl udes focusing at |east part
of the reflected light as an inmage on the detector and determning a

m sal i gnment of the indicator and the image. FIG 2





