" 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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vi brations, shocks and tenperature variation. These m salignnents 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

systens, Modem weapon systems, which employ laser-guided bombs and

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



* 20. "however, are typically made up of a large nunber of optical conponents

whi ch have the potential for introducing further therrm-optigaé c‘ﬁmors and
are prone to 9 JUN 2004 2 in-flight msalignnent. Furthernore, i
met hods rely on local heating of specific types of targets, such as

ceram cs, using laser radiation in orfler to generate hot-spots, which are
then detected by sensor systens- These nethods have nunber of drawbacks,

-~ whi ch are discussed below. 5 As an exanple, consider Figure 1 which shows a

target 500 re:ar; ﬁﬁﬁﬁ@rﬁﬁ? ) b3 4R G t r get
surface g’gg?@?h@%g&hg%ﬁ%r ating g’sé‘%}?%ﬂ;}o?b@ggg%kggp ﬁilg%oﬁrﬁﬁ@%e%eby
target 500 and this results in a tenperature distribution on target

surf ace §B2INCHypenf itergetsosedh | asoperagoes, gz dargr 3adiation in soddretonrs (| i nes
of constant tenperature on target surface 502) and indicate a 10 typi cal

t enper at i : e i s
i ghest ARSIl SRIETATP Ty aLEERN 1P ROty S YRERERRINEE | T e
“readily appreciated that isotherns 506, 508 and 510 are in general

‘non- ci r cegvgrmunber ofolawpasks, mhichpoudigcusssdbelpyot 504. This is due to
asymmetric conduction wthin the material that nmakes up target 500. Thus,

‘a sensor (notash bSei ' t i : c I i ng which
resuIrStSs_ fromxi\i?gl\rl\@%%%?ﬁggg,ﬁsﬁﬁ ?ﬁgélﬁcgmgﬁlsy%ﬁjﬁt %cttgl%gt cs(eﬂ??{évrhlaﬁ% for

exanmpl e,. instead of the correct center 501 of |aser spot 504
laser beam (not shown) is incident on the target surface 502, thereby 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



"T he above description illustrates a nunber of major drawbacks of current
boresi ght systens. Firstly, a period of time, which is non-negligible 20
when conmpared with the time required for boresighting, is requrSedUpp 2pgRt"
target surface 502 at the center 501 of |aser spot 504 to a tenperature
that allows sensor detection (typically 25 degrees Cel sius above target
surface -9 JUN 2004 3 tenperature). éecondly, a specific target type is

- required, such as certain ceranics, which has the particul ar conductive

properti [ iredJfor generatin hermal | y.detectapl e |L.aser spot.
Thirdl y, EPEHvETC SEomtE: topesiie it Bme i it s cratm
graphically in Figure 1, can result in incorrect detection of 5 the |aser
spot centceramichewhinh litsghe ghrticuldreccacinutiac prafertitrereguired for Fensrhfthy, in
order to effect thermal detection, a |arge nunber of additional optical

conmponen d,to the signation system . nentipned above,

t hese ad |6f‘]?]11(')5r§1§| 9%5?%5% Iaégﬁﬁg%teﬁﬁgnﬁxt?gﬁ@e{rh%CB’F%@R"I i Qg?)]?{aﬁgﬁtfl i ght
m sal i gnment and reduce accuracy. 10 There is therefore a need for an
-accur at e sarfdce, agidtpisted grapgncdlbyr esFigure 1whase beshltsinanoontoudeteftiqddf t i onal
optical conponents. The system should not rely on |aser heating of

i§i . ‘ hcal t. Thi
woul c bof I 188 ot Shie BBy PR RlipEB0E BB B ot Fowd) i oo
for heating a target, thereby reducing the overall boresighting tinme.

order to efiect thermal detection, -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



"15 Furthernore, the systemshould not be limted to a specific target type,
but should allow boresighting on a variety of targets. SUMVARY OF THE

| NVENTI ON The present invention is a nmethod for in-action boresdhtJiig 2004
desi gnation systems. 20 According to the teachings of the present invention
there is provided, a nethod for boresgighting of a designation system
including a tracker responsive -9 JUN'2004 4 to a detector with reference

. to an indicator, conpr|5|ng t he steps of (a) dlrectlng a beam of light at

a target, us t .source, so .that the beam ht flected
froma spdf d&ﬁé%‘t"?f V{tgrrﬁ&re‘i'/ﬁ’? tPé““tWé“%“ﬁ C?@P‘B‘é%ﬁ‘re Fgr%}c(ﬁzd' gﬁ% antially
constant; (b) focusing at |east part of the reflected light as an 5 i mage

on the datlegioraf ligid dto) tateeerusing adightrdomadd, gontnt thé belm of hightag or and
[ rrage There is furt her nore provided, in a boresighting systemfor aligning

I ndi c h_an eof ot. 0 of ..
d| spl ayi ﬁ%ﬁ %‘W ‘ingrfilrréﬂ? O@oﬁ}ﬂ?lia?gl Fﬁ'él% lilep%p&l %PER/B %Bgeg iAo
nonitor; and displaying a 10 representation of the indicator together with
a repr eseﬁﬂammmﬂyoboﬁdtmt; rthy dfoousing e Ieasteparturdi ther refBRideF lipESG@RI M1 ON OF
THE DRAW NGS

5 image on the detector; and (c) determining a mlsahgnment of the imdicator and
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



" The'invention is herein described, by way of exanple only, withJg rRfierogpse
to the acconpanyi ng drawi ngs, wherein: 15 FIG 1 is a schematic depiction
of atarget 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 i mage before boresighting; 20 FIG 4A is -a schematic
depiction of a video display after boresighting by noving a cross-hair;

and 9 JUN 200gi3 48 iCa séﬁemi@dégbﬁaﬁ% Vq%%'ss g}RstpgA}I thex%a{%ggﬁgﬂ@g ay after

boresi ghting by noving display pI xe ON O TH RRED

EVMBODI MENTS. The princi pl es and operation of the in-action boresight

accor di igovig dieblaged prednt i nvention may be better understood with
reference to the drawi ngs and the acconpanying description. Referring
again to the drawi ngs, Figure 2 shows the designation system 10, which is
made up of a | aser designator 14, receiving optics 28 and a detector 16,

whi ch arBESURIPTUIONOFONHE PRBFERRED HMBHPIRAENTSR gi d gi nbal ed 10 base
12 is required for the mounting of all conponents so as to mnimze the

" The principles and operation of the in-action boresight according to the
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



"possibility of msalignment between the various conponents. A

synchroni zation line 13 synchronizes the operation between | asergdggjosmyor
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 Designation system 10 is 8ositioned at a distance Rfroma
target 22, where Ris referred to as the range-to-target. Target 22 is
usually renote, relative to designation system 10, such that Ris

typicall I eat eyl oAn brief.qth Lecti v, si ghting
Is to ali an i%ﬂ‘ﬁ‘?@ Sﬁsqgug(ﬁﬁggs&éed c?égsés-%fadleb ?ﬁ%&éh@m‘f,ﬁ{gﬁgﬁgd I n
tracker 11, with a | aser spot inmage (not 20 shown). After boresighting is
conpl et egntbpdiment wf dhe possenh anventidi, catcessstliner laodalasenspdt wndgsere spot
center on target 22. The indicator and | aser spot image - 9 JUN 2004 6 may

be si nul t;an |y r e | | BRg . odi nent
of the pPERENCY FUBARRERE °th 31ac thilfflol TODoreefifie ROUEGERIP ) Tod
si mul taneously on video nonitor 21. Boresighting of designation system 10
i s achi evedermcddr o aghieved cocording &t dges mumaneslages,snagely: st8geekignat i on;
stage 11 - | aser-spot detection; stage Ill - signal processing; and stage

coquent | QFGRAR, AU ACL 1R oRBEaREha0 alh ol DO BAT DOA e 20 ot s
of each of the stages, as well as their interrelation, are described in
detai | bstagey IV — misalignment correction. These stages must be carmed out
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



“In Stage 1, the purpose of |aser designator 14 is designating, i.e.
creating 10 a laser spot 26 on target 22. As a preferred enbodéqiﬁgfﬂh?ser

spot 26 is formed on the surface 24 of target 22. |f target 227i

di ffuse body, such as a cloud, water droplets or even pollution, laser

spot 26 can also be forned on particles wthin target 22. Laser designator

14 is typically a pulsed infra-red or 'visible- light |aser which can be

- pul sed at a wi de range of frequencies (alternatively 15 pul ses per second,

PPS) . La%ﬁ? iﬂsr‘degﬂﬁfgﬂ{sb el écl?ocﬁT .’5?{% ﬁgﬂﬁ@e SIHRE Rl d-Fd D8ChéRInfa0dg by

det ect or via Sy ni zation t her eby producing I'aser beam 20.
Laser beam 20 is directed towards target 22 and is incident on the target
surface Mavelengthisntn|geseralpiasgat zurkce 2demaynbe sempascd & anyspastialg on
target surface 24, which is reflected fromsurface 24 and produces a

refl ect e%ﬁg@iﬁ%&&%ﬁp}ﬁa&[&ﬁgﬁ REACHR AREHE! Brdfisdicol SRRldiRtARe OPLI Cal

| aser spo , I n the sense that |aser bean1£% IS nerely
reflected fromsurface 24 and_ does not appreciably change the tenperature
at the | suttablynredfectiue gurfaces. dheheuld b gurhagead thattthespyrpeseiehtaseThus,

| aser echo 27 can include visible, infra-red or near infra-red

vavel §ngt i, 30 Ssiabdausd Fc@Phesiiyf @Pt%r%ﬁ SWRfC 24C BUPRIRS 18fgedByatpartial ly

reflective substance: even certaln atnospheric conditions or clouds _
constitute suitably reflective surfaces. It should be enphasized that the
pur pose on opiisal laseh@dh2®0 is not to cause | ocal beati ng of target surface
24, but rather to generate

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



~an optical laser spot 26. In stage 11, target detection, |aser echo 27 from

optical laser spot 26 is incident on receiving optics 28. Laae ﬁ?@gﬂ@%
focused by nmeans of receiving optics 28 resulting in focused béa i ch
is incident on detector 16- To 10 effect detection of |aser echo 27,
detector 16 incorporates a sensor some Kkind. Typical exanples of
sensor 15 include Forward-Looking Inf a Red (FLIR) sensors or

. Char ge- Coupl ed Device (CCD) such as G CCD and EBCCD sensors, for exanple.

Cetector el ORI B DR T BB i Sl e T 1

Integration tinme is set to a tinme-frame wi ndow on which | aser echo 27 is
expect ed tobardeker Etei ved. Thi s wi ndow corresponds to any reasonabl e range to
target R A range gate is enployed to elimnate spurious Iight signals from

short ranges ( h 15 ers x_errors, which
coul d cause mlssaﬁ) ganéé/ntﬁ%%ﬁg}]e?}f g‘t%é Tﬁe)t?ogﬁgflﬁg% bg%geﬁnzd V\/nI.Ch S
20 incident on detector 16, results in the formation of a |aser spot i mge
23 on t heoosdinitas eof1Bserf spmnimagel% Bak bgclkgrodnd ilgght thabdts shodedt, ofir om t he
target for exarrple Is al so incident on sensor surface 18. Al Iight
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later in detail.) Coordinates of the center (not shown) of laser spot image 23 and
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, backgrouncl 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.



"Part of the function of tracker 11 is to distinguish between the

coordi nates of |aser spot inmage 23 and background |ight that isg‘hrﬁh\g?gm on
5 sensor surface 18. (The preferred nethod enployed to achieve this Is

di scussed later in detail.) Coordinates of the center (not shown) of | aser

spot imge 23 and background |ight, ich are stored as successive video
frames in tracker 11, can be converted into a video i mge 40 (see figure
. 3) and transferred via video line 19 to video nonitor 21 where these

coordi nates are visually displayed. 1$.1s.10pqinted.out. that, video i mage 40
can be stor edﬁﬁ" Bpgﬁlr%yéﬂp?% 8}(\?%}&%{1}’ ngmsiqirrf)ﬁﬁslm{ﬁ” lﬁh{}’sfigtﬁm%er ms, such
as random access nenory, nagnetic tape, etc. Figure 3 is a schematic

depi ct i omiedlignvénter. Mhigfnéfon shpavifogned basackepdl, whivhecotbputbadiegr ound
light 49 and a cross-hair 45. Laser spot inage 46 is located with its

center at .a,spot | center 47 and crpssghair 45 is .l oca Wthits
conter afminiatenBYRe Rt Spol dmags ST A oy Huk SERF S The')
generated on video inmage 40 with.its coordi nates encoded in tracker 11 (see
" Fi gure 2ignabhtsnoisedetoi (EYR) 48 isoul dpahcimumiey 46ex geepodionakap ot i nage
46, cross-hair 45 and background light 49. In general, |aser spot inmage 46

and grossyhaif 45.are not- injfiakkly coincident.al f.laser spot inmage 46
and of oo teligtiivity o8l Ao a4 a8 R BRORRUBLg o T REBgb ). “The
m sal i gnment, between spot image center 47 and cross-hair center 48 is

desi gnat &d Thuspwiben a togdimation 6f Jaw (204 reflectivity and range-to-target R
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



9 The primary purpose of stage 111, Signal Processing, is to determ ne
misalignment M This function is performed by tracker 11, whi ch”conibit @804
the msalignnment M between spot inmage center 47 and cross-hair center 48.
The signal-to-noise-ratio (SNR) of |aser spot image 46 is proportional to
the 5 reflectivity of target surface 1%4 and inversely proportional to the
range-to-target R Thus;, when a conbination of |low target reflectivity
and range-to-target R results in a low SNR, the tracker | | nust integrate

sever al ' ' . |41 det ect

spot i rraggs' lg?é)nfoer & ’7ﬂ19§ gégglgar&r)}egg qrgrelfjgg%%? odrt %%??gs\r?lsﬁ%r?’ %?gﬁ‘?gpid)ig%cussed
bel ow. 10 Coordi nates of |aser spot image 23 and cross-hair 45, which are
encoded which iadkbf the1RSE36 fogmet fagleeratedAliemativebe ifithe videa drapigleo
nmonitor 21, for visual display, nuch Iike that shown in figure 3.

Cr oss- hai bg, 1S ' Vi | ith its
coor di ria#%tg%gr%co %’d&lcr}11 ys?}rrggggaffﬁ? ggg%%ﬁ%éﬁ%r 1??&%§g€h gé\'/slMdeo

di spl ay i mage processed by 15 tracker | | contains |aser spot image 46 as
wel | as BESkdhaes nesultsgnt theoreceptiqye ak ealaseraspiit dewmger emsvpnbeses eddesy tracker
11 contains |laser spot image 46 as well as background |ight 49. Laser

desi gnat gopddadPag fhgEiind PREr shdt FPEVERY! BEQ RN, o VIBKY
frqugncgrao %ﬂpcg?'lé%% telly 15 puT %ﬁei per c?gg?‘gﬁﬁ %PPS . "Thus, a&t\%?]deo

format is selected which is sone nultiple of | aser 20 desjgnator 14
oper at i ndgrackegddibygn miggrasaths even ifamesddn at brsf aperperp hpyk Sdsard the

) 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



" spot image 46, |aser designator 14 is triggered at one half of _t@e\%m 2@34
frame rate of video nonitor 21. Thus, if the video frane rate is ,
such as in 9 JUN 2004 10 RS170 format, |aser designator 14 is triggered at
15 pul ses per second (PPS) which is half the RS170 format frane-rate.
Alternatively, if the video frane rate Is 25 Hz, such as in CCIR format,

| aser designator 14 is triggered at 12.5 PPS. This results in the reception
of a | aser spot imge on every even video 5 frane and an inage with no

e ogr ot Seol R i ERKIEAR OB eohler SNRIG e AR RE B s 11

a second nenory bank 34. In this .manner, tracker 11 processes ,.laser spot
i mage 46in fighie 4A. retius yndbamde, Borearghtmignp laghuived dydmobagkepossHhdir 45 ght 49,
from second nmenory bank 34, sinultaneously. 10 Due to the short integration

time, on | ase p | age S ed | [ ReRDr n 2.. because
backgrouh%nr i%h{imiQ&%’g% gggoggﬁﬁlét“%’;gée% g;E%Er?ﬁaerga:n Ssprﬁ]g}gk%rnpﬁq :fh%ofsse’
| evels. 'In this manner tracker | | accurately determ nes spot inage center
47. At tbeiscilentad, witlacHust 1spatontmagas centercdds divilschs cofrespends spiot | nage
center 47 and cross-hair center 48. Thus, tracker ‘11 conputes a 15

m sald gn -g{:gg n t 4 g 058~ 'r_h gnypr;48. In

stageﬂ I\},m%\th |gtrtlvn%fr?t rfgg{é?%rgﬁgbgég’gﬁfggn% cgﬁg est eﬁ in tracker

11, by aligning spot inmage center 47 and cross-hair center 48. For visual
coincidental with 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



“display, it is desirable to keep cross-hair 45 as close as possible to the
center of video display 44. Two preferred nethods are enployed to achi eve
this. The 20 first method is described with respect to figure #AUh@Nhe
second nmethod is described with respect to Figure 4B. The first nethod is
of ten enpl oyed when spot i nmage center 47 of laser - 9 JUN 2004 11 spot
image 46 is sufficiently close to the Center of video display 44 as

- depicted in figure 4A. In this instance, boresighting is achieved by noving
cross- haig., 4 [ - hal enter 48 to a second cross-hair
center tﬁé?s?gmé%gﬁﬁﬁvﬁg%?ghﬁaﬁ?ﬁmpgﬁé?ﬁspot i mage center 47, which
corresponds to 5 msalignment M. Thus, after boresighting, the center of
cross-hair 451t vl ewippicgmtedhithati tg abavetingpetion Iscthet eeeddforaam i s
close to the center of video display 44. The second nethod is often

enpl oyed HY St B BRIyt r ' fl oL ¢ | IS not
suffici ently: f:'?agis’g 2 lcfﬁg%gggﬁgﬁo@ﬁg@?%%%gi%éél %y‘@ﬁh“% ‘%fshﬁg%?’@?gd in
Figure 4B. Here, the msalignnent between first spot inmage center 47' and
cr oss- happtieght@npasnts Reresightingi is hased ancibe dsircdioingdt pmgptisal ket eved by
nmoving the entire video display 44, excluding cross-hair 45, to a new

mat rix Ofsliocﬁ)(i X8 Sas Eﬁb}ﬁeélﬁﬁﬁzlatest iR FliaécICJ gﬁ ;[Tégget%']?ea?ﬁ%emdso&c%?d? %8' Lgnfﬁgt

M is achieved by utilizing verti cal of synthetic pixe
si de

mcreased and the additional time required for heating a target is eliminated.
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.



15 of video display 44 and horizontal rows of synthetic pixels 52 at the
top (or botton) of video display 44. For exanple, if the display is noved
towards the |left-hand side such that vertical colums of symt8efij§ pij¥el s
50 are added to video display 44, then correspondi ng colums of pixels
(not shown) on the right-hand side ofy video display 44 are renoved from
vi deo display 44. Thus 20 video display 44 maintains its original size. In
- this manner the entire video display 44 is noved |laterally and

| ongi t udipAA Y ISETNINMED Bs.second spot image center of |aser spot image
46' is coincidental with cross-hair center 48, and is - 9 JUN 2004 12 thus

close to the center of video display 44. It will be appreciated that the
above invention fulfills the need for an accurate and rapid in-action
bor esi ght which has a mnimum of additional optical conponents.

Bor esi ghtji ng  iAS pledis&H fONb b SigHEhe Of @aeggnﬁﬁbrpsﬁrétaﬁl, ih@a8ingda $RRkeRNd, as
such, elimnates the need for targets heating. Thus accuracCy is 1 ncreased

and the additi.onal. tjne reqé_hr%g for heating a target..is elimnated. _
Fur t her miSEONYYF &3/ GFISCHY WHA relersiicerte PRaBORALL, GRIPPBSIR etséfiﬂﬁétf's, t her eby
increasing flexibility and versatility. It will be further appreciated that

the abovg)desgirkqing®asbaane dfntgmca@ch'ta&getomsmgh@ 1581t D udte, B6ATHAk 88id and t hat
many ot hef enbodi nents are possible Wthin the spirit and the scope of the

resent jnvent.ion. . . . :
P beam llg[f"'lt 1s 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



- 9°JUN 2004 13 WHAT IS CLAIMED I'S: 1. A nethod for boresighting of a
desi gnation system including a tracker responsive to a detector wth

reference to an indicator, conprising the steps of: (a) direetg wngﬁam of
light at a target, using a light source, so that said beamof |ight “I's
reflected froma spot on said target phile a tenperature of said spot
remai ns substantially constant; (b) focusing at |east part of said
reflected light as an i mage on the detector; and (c) determning a

m sal i gnpent Qfpdkeah@di cator and said image. 2. The nmethod for
bor esi ght | ng()@,]t a dgsdl?gnati on systemas recited in claim1l, wherein said

beam of light is a_|aser. beam 3. The nethod for boresighting of a

desi gnati on sy} emidsgrabaetady saddragkground Hghtunerseeomg mesnory hank. st ep of
(d) displaying sinmultaneously, on a video nonitor, said inmage along with
the indicator. 4. The nethod for boresighting of a designation system as
recited in claim3, wherein said determning is effected by steps

i ncl uding: (i)r i nt egrati.ng sai d i mage and background |light together in a
first . he method for oresighting of a deslgnatlon system as recited 1n claim -

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

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.



"9 JUN 2004 14 nenory bank; and (ii) integrating only said background |ight
in a second nenory bank. 5. The nethod for boresighting of a d@idﬂn@tz'gg,p
systemas recited in claim3, wherein said indicator is displayed on said
video nonitor as a cross-hair. 6. In a boresighting systemfor aligning an
indicator with an. inmage of a spot opsa target, a nethod of displaying the
alignnent, conprising the steps of (a) providing a video nonitor; and (b)
- displaying a representation of the indicator together with a

[ epr esentgit i oMY miclitod MERAAslily B! Shidl WHERMERNAS Rlcited in ERATTEL AL ;BT

di splaying the alignnent as recited in claim6, further conprising the
step of (c).noving the indicator froma first indicator center to a second
i ndi cat orsal%m%’r“?r%.dlsﬂ‘@’qﬁeﬁ%ﬁf(’l’s&ﬂ]%ﬁ-spl aying said alignment as recited
inclaim6, further conprising the step of, (d) noving a first inmage
center to a second image center by changing a displayed matrix of pixels
on said video nmonitor. 9 JUN 2004 15 B . ‘



9. The nethod for displaying said alignnment as recited in claim®6, wherein
said indicator is displayed as a cross-hair. ABSTRACT OF THEQDI,_W_%@JRE
| N- ACTI ON BORESI GHT A net hod for boresighting of a designation system
including a tracker responsive to a detector with reference to an

i ndi cator, including the step of d%gecting a beamof |light at a target,
using a light source, so that the beamof light is reflected froma spot

on the %%MMM the spot remains substantially
const ant= 5 £ £185 des focusing at |east part of the
reflected Iight as an inmage on the detector and determ ning a m salignnment
of the IINHACTHION BORESAEHIRge. FIG 2
A method for boresighting of a designation system, including a tracker

responsive to a detector with reference to an indicator, including the step of directing

a beam of light at a target, using alight source, so that the beam of light is reflected

from a spot on the target while a temperature of the spot remains substantially

constant. The method further includes focusing at least part of the reflected light as an

image on the detector and determining a misalignment of the indicator and the image.

FIG. 2



