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-1- COMBI NED LASER/ FLI R OPTI CS SYSTEM

BACKGROUND The present invention relates to a conbined forward- 5
| ooking infrared/|laser sensor. Mre particularly, the present invention
relates to ,a targeting and i naging system . t hat conbi nes a m d-wave
forward-| ooking infrared (FLIR) subsystem and a | aser subsystem

including a | aser range coMgBfE isER/FUIRNEPRTCASEYSTRM tracker (LST).
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applications, for example, the AOI may contain targets such
as tanks,-trucks, and/or other military vehicles or military
hardware. These tafgets emit heat; therefore, they are
typically warmer than their surrounding environment.
Consequently, they can be distinguished in an IR image
generated by a FLIR system. ' '

: The use of lasers in conjunction with FLIR systems is =~
generally well known in the art. For example, lasers can be
used to designate specific targets which are wvisible in a
FLIR image. 1In one prior FLIR/laser system, laser energy is
swept across a target that is visible in the FLIR image and
used for the purpose of generating a 3-D image of the
target. The 3-D image can, in turn, be used for target
recognition and/or target classification (U.S. Patent No.’
5,345,304). In another prior FLIR/laser system, a laser is

-used for determining the range of a target from the
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FLIR/laser system’s host platform (U.S. Patent No.
4,771,437). In yet another ptior FLIR/laser system, a laser
is used to determine the relative position and velocity of
targets (U.S. Patent No. 4,574,191). 1In addition, lasers
have been used for the purpose of directing laser guided
munitions to a desired target visible in a FLIR image.

In each of the aforementioned prior FLIR/laser systems,
the ability of the FLIR/laser system to accurately

generating a 3-D
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determ ning the range of a target fromthe FLI R/l aser system s host
platform (U S. Patent No. 30 4,771,437). |In yet another prior FLIR/|aser
system a | aser is used to determine the relative position and velocity
of targets (U. S. Patent No. 4,574,19;%. In addition, |asers have
been used 'for the purpose of directing |&ser guided munitions to a
desired target V|5|ble |{% n_each o
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accurate target recognition, detectlon, location, and

velocity information, as well as less accurate weapon

guidance data. _

Boresighting is a common term of art which refers to

15 the”process of aligning the 1LOS of a given system. Prior
designs, such as the Low Altitude Night Terrain-following
Infrared Nav1gatlon (LANTIRN) system, employ bore51ght1ng
processes to minimize fixed allgnment errors between the
FLIR 1LOS and the laser LOS. Boresighting processes

20 typically involve optical and/or mechanical realignment of,
for example, the FLIR LOS and the laser LOS. Moreover,
boresighting processes may be manual or they may be
automatic. As stated, boresighting processes are generally
well known in the art.

25 Unfortunately, the alignment error between, for
example, a FLIR LOS and a laser LOS is not necessarily a
fixed error. In military applications, FLIR/laser based
systems are typically installed on moving platforms, such as
tactical aircraft (e.g., an F-15 or an F-16). These

30 platforms subject the FLIR/laser based system to large
mechanical forces and vibrations. These forces and
vibrations directly act upon the optical components which
govern the FLIR LOS and the laser LOS. Moreover, FLIR LOS
and laser LOS displacements about the pitch axis appear to

35 have the most detrimental affect on system performance
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such as the Low Altitude N ght Terrain-follow ng I nfrared Navi gation

(LANTI RN) system enpl oy boresighting processes to mnimze fixed
alignnment errors between the FLIR LCS and the | aser LOS. Boresighting
processes 20 typically involve optical an /or mechani cal realignnent of,
for exanple, the FLIR LGOS and the | aser . Moreover, bor esi ghti ng

processes may; be mepyal 485 14RY t@hﬁratef*‘tPQEE)gﬁlzeAs dETt@Q:%d locate

bor esi ghti ng.procésses are general | known in the art
Unfor t unat el3ndfee GrAgknEATIRtS)r betmeen f or exanpl e, a FLIR LOS and

EL: ?Q/Sfr LOSbI S QOAsnfmatg%&*alt\eda in F].fcaéJxesi fﬂbr aasm_;het aﬁmhaa@ T T R,
aser base systens ar pi C I hs :

such as eURIP¥ R SPPEFALE éi#ﬁl JEFEFQ %eﬁriﬁﬁ gggggaser

pl atforns Slﬁpte:b&:stisﬁtEhl Bélaaﬁmg lzasm,d mswehltasl ar geparateemm cal

forces and V|br tions he f,arce vibrati di a upon

t he opti cal ac%% METt Eléln lasef \%?%%e Fi?é? chg ﬁﬁ‘#‘%@ﬁ'&ée%\_

Mor eover, Flafordientionad meshanicsaldifptcesnandsvibvatiohs pcttaimgamppn

appear 0 3&hJoYETRPTaBRE HiSed Tuthn U {FF cAlgs) EHETEROR! SRR NGR the

@7/41460( ilaserth@Sabp| pufate abawtattdly pieelnrrés dpdependestacf each
and/ or iéackotiﬁ’éﬁetﬁésultlng 1n ADS l{itsteAtadai & Bl fmamdc nril @r desi gns
such as LAI\rréoerx\ltlnuougRy changz. agr at I%ll.%s? ptt:éciagé;cﬂogea i m%%St aeq:'dror
| aser
' in addition to any exiting fixed alignment error. Although
the boresighting processes mentioned previocusly can be used
to correct fixed alignment errors, they are generally
15 ineffective with respect to correcting dynamic alignment
errors.
Yet another problem assocciated with prior systems such
' as LANTIRN, which may significantly contribute to LOS
alignment errors, is the fact that FLIR images rotate-about
20 the roll axis as a function of gimbal pitch angle. To
compensate for this anomaly, prior designs such as LANTIRN
counter-rotate the entire FLIR detector assembly. However,
FLIR detector assemblies are relatively large, and rotating
a large mass to counter rapidly changing gimbal pitch angles
25 has many disadvantages. First and foremost, it is very
difficult to counter-rotate a large mass with sufficient
response time to compensate for high speed pitch rotations.
The inability to compensate for high speed pitch rotations
can result in additional FLIR LOS-to-laser LOS alignment
30 errxors. Second, the wires which connect to the FLIR
detector array elements must pass through a rotating
- interface. Rotating the interface and the wires passing
through the interface significantly impacts system

. reliability.
35 '
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| aser -aperture 220. Consequently, the af orenenti oned nechani cal forces
and vi brations acting upon the FLIR/ | aser based systemw || cause the
FLIR LGS and the | aser LOS to nutate about the pitch axis independent
of each 10 other, resulting in LOS jitter and a dynamc (i.e., -
continuously changing) FLIR LOS-to-|lase®-1.0S alignnent error I n
addition to any exiting fixed alignnment error. Although t he
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reliability. 33n addition, the present invention comprises a number
of other subsystems and subsystem capabilities which subport
15 and further enhance the effectiveness of the electro-optics
subsystem. For example, the present invention comprises a
single processing subsystem which provides a number of _
important and novel image processing and image preprocessing
functions including: a "dead" detector cell réplaéement o
20 function, a scene-based pattern removal function, a 2-D
sharpen filter, a dynamic range control function, and a 2X
image enhancement function which employs a unique subpixel
dithering process.
'The present invention also comprises a novel fault
25 isolation subsystem. The fault isolation subsystem is
capable of distinguishing fault conditions which arise in
the amplifier portions of the various servo systems from
fault conditions which arise in the servo motor portion of
the servo systems. Thus maintenance personnel need only
30 remove and replace the defective portion of a servo system
without'having to remove and replace the entire servo
system. '
Finally, the present invention comprises a novel
electromagnetic interference (EMI) grid. This grid more
35 thoroughly prevents undesired energy from entering the
system and interfering with electrical signals. The grid
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-4- SUMMVARY The present invention
is a high resolution, ginbaled m d-wave PLI R/ | aser based system which
conprises an el ectro- optic subsystemthat is designed to mnimze FLIR
LOS-to- 5. laser LCS alignnent errors, Lgeluding fixed alignnment errors
and dynam c alignnent errors, so as to provide nore accurate t ar get

recogni tiong}gat gﬁﬁw@msﬂl i iy et Hrirgy egelkr@étﬂated wferxeaﬁyeaeml ftoused
in conjunction,wt m_|i.tary weapon ivery system these :
perf or mnceréaﬁéﬁ@enghefelbryaré?tﬁg%nq ﬁ"f%’e’br'é%? TP ﬁ?t?%ﬁb?fg'i PEREE the
host pl at f osysvemsh imarclose moximidase its weapons at |onger (i.e., safer)
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capabi | Bti eBighi sles n,1 FLIR/A asen hased targetivg candcimagings of the
el ectro-optG8rem, SUbsystem For exanple, the present invention conprises
a si ngl e processi ng subsystem whi ch provides a nunber of | mport ant
and novel inmage Btod€sANRFhaT ARIRRE Bfe i REesgnt inYemeiPBnSOi ncl udi ng:
a "dead" deppeiradecl highracRitiol) FHIR)Idsur Hasé@NsybesndeRatt ern
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subsystemis lI(t:"a%z%‘bb’eez: ofa ﬂé’l%gj te%]g?%lﬁs | n?faﬁf% %%ér%éﬁo%év%\ﬁ?%fﬁha?’?’se I n
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condi tions ydeRraphSerictildie o W3 nfAle pit¥H B¥hPing and a common
aperture for both the FLIR optics and the laser optics.

15 It is still another object of the present invention to
minimize alignment errors, caused by the rotation of the
FLIR image .about the roll axis when the pitch/yaw gimbal is
rotated about the pitch axis, by counter-rotating a deroll

.. prism optic rather.than the FLIR:detector assembly.

20 It is another object of the present invention to filter
undesirable electromagnetic energy from the IR energy '
entering the syétem aperture.

It is still another object of the present invention to
provide a number of signal processing functions which

25 further enhance the quality of the FLIR image.

Finally, it is an object of the present invention to
provide a fault detection process that accurately isolates
fault conditions and limits the removal and replacement of
hardware that is otherwise functioning properly.

30 The aforementioned and other objects of the present
invention are achieved by a targeting and imaging system
that comprises a forward-looking infrared (FLIR) optical
subsystem which receives infrared (IR) energy from an area

. of interest (AOI), and which generates an IR image of the

35 AOI. The system also includes a laser optical subsystem for

generating laser energy which illuminates at least one
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between the FLIR LOS and._t , |l ase % | S yet another
object<ﬁlQYEPEﬁ%§eﬂFelﬁ$§ﬁtP8 igyed MHQNQﬁ%&F%ﬂq%Hﬂ@%t1@?96PS caused by
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aI i gnnmentaxsa 0§, interedt b{AOHS, ramit @0 FLAR tdpktical imager for

10 generating an IR image with the IR energy received from the
AOI. The FLIR optical imager is arranged to receive the IR
energy from the FLIR optical system. The system also
includes a laser transmitter, a laser receiver, and laser
optics for directing laser energy from the laser transmitter

15 to a desired target located in the AOI, and for directing
laser enexrgy returning from the desired target in the AOI to
the laser receiver. Furthermore, the FLIR optical system
and the laser optics share a common pitch béaring, suéh that
all'cpticalrelementé‘individuélly subject to pitch rotations

20 are commonly shared by the FLIR optical system and the laser
optics. ’

The aforementioned and other objects of the present

invention are also achieved by a targeting and imaging
system that comprises forward-looking infrared (FLIR) optics

25 for steering an infrared (IR) line-of-sight (LOS) towards a
desired area of interest (AOI), for receiving IR energy from
the AOI, for focusing the IR energy, and for generating an
optical image of the AOI. The system also includes a laser
transmitter, a laser range receiver (LRR), a laser spot

30 tracker (LST), and laser optics for steering a laser LOS,
such that the transmitted laser energy illuminates at least
a portion of the AOI, for receiving laser energy, and for
directing the received laser energy into the LRR and the
LST. 1In addition, the FLIR optics means and the laser

35 optics means share a single pitch bearing, and the IR energy
and the laser energy pass through a common aperture.
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about the pitch axis, by counter-rotating a deroll prismoptic rather
than the FLIR detector assenbly. 20 It is another object of the
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obj ect1o0 Fanthanmamplifieraser optical subsystem and the FLIR opti cal

subsystem share g CQEMLnent Mddd’ 458 40%r objects of the present

invention are also achieved by a targeting and imaging.
system that includes a boresight subsystem.
The aforementioned and other objects of the present
15 invention are also achieved by a targeting and imaging
system that includeé a signal processing subsysten.
The aforementioned and other objects of the present
invention are also achieved by a targeting and imaging
_..system that is contained within a housing that includes'a
20 window through which IR and laser energy passes.

BRIEF DESCRIPTION OF THE DRAWINGS
The objects_and advantages of the invention will be
understood by reading the following detailed description in
25 conjunction with the following drawings:
FIG. 1 illustrates the concept of laser overspill;
FIG. 2 illustrates the concept of range measurement
error due to laser overspill;
.FIG. 3 illustrates the optical design of a FLIR/laser
30 system in accordance with the prior art;
FIG. 4 shows the opto-electrical subsystem of a
preferred embodiment of the present invention;
FIG. 5A depicts the optical configuration of the FLIR
- relay/FOV assembly in the NFOV mode; '
35 FIG. 5B depicts the optical configuration of the FLIR
relay/FOV assembly in the WFOV mode;
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are al so achieved by a targeting and i magi ng systemthat conprises a
forward-| ooking infrared (FLIR) optical systemfor receiving infrared
(I'R) energy from an area of interest (AO), and a FLIR optical inmager
for 10 generating an IR image with the IR energy received fromthe

AO . The FLIR optical inager is arranged To receive the IR energy from
the FLIR opti cal stem. .The SY, ste al so . i nc] udes | aser transmitter,
a | aser receivefZ aa/ncf I:'z;s]é‘fSt SHiFhe Ff?}raﬁ’ﬁ%‘a‘?rhgof a%e?eenerlsygm 4R t he

| aser transhetﬂase&Sedmpenskﬁoxenhiﬁvget | ocated in the AOD, and for

directi | { { A t
AISRng ol B3, S AR LA IO e SO B8 hubll bl (0
optics share a F3fnoB8 shows e ionficak canfigurat adn obtthal cemmonnt s

di | { FLIR
1 V1842 153 et id SN it O YRR

opti cal tem and
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optics 25 for §&§Sr| g _an |nfrar§¥) | R) Irne srght (LOS) towards a
desired area of i s EhoMg \the We&hergy from the AQ,

for focusing thPIGR aneshowsathd Ouromisylm Im:&ﬂ.e patpgrgpl i mage of the
e syste SO .i,N Iude l,asgr a .l aser range
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steering a | aseFIGOS13 shcma:ra mtattndte afr a:imfnhctmbzlg}sterrem:ecyg
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and for recting the received 1 aser energy int‘o the LRR and the

LST. In additi oﬁIGﬁhelréBr rhxauahs 14F shah Fheharigd patderypesed fiouns
share a S|agi§nph§cbhgequga} gpst t he | R energy and t he | aser- energy

pass &Erough 3t T %g%ﬁ*%n alternative embodiment of the present
invention which employs a combined LST/LRR;
~FIG. 16 illustrates the combined LST/LRR;
'FIG. 17 shows the segmented window;
FIG. 18 illustrates a typical energy artifact that
20 interferes with FLIR image when an EMI grid according to the
prior art is used; |
FIG. 19 shows a preferred embodiment of an EMI grid in
accordance with the present invention;
FIG. 20 is a diagram of a dual-phase motor, PWM
25 amplifier servo system;
FIG. 21 is a flowchart depicting the dual-phase motor,
PWM amplifier fault isolation process;
FIG. 22 is a diagram of a three-phase motor, PWM
amplifier servo system;
30 FIGS. 23A and 23B are flowcharts depicting the three-
phase motor, PWM amplifier fault isolation process;
FIG. 24 is a diagram of a single-phase motor, 11near
amplifier servo system;

FIG. 25 is a flowchart depicting the single-phase
35 wotor, linear amplifier fault isolation process;
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i ncludes LOS correction neans for adjusting an IR LOS and a | aser LGS,
and for mnimzing LOS alignnent 5 errors fpetween the IR LGS and the | aser
LCS. The af orenenti oned and ot her objects of the present

invention are al sg %‘Ch'ﬁ}’eiqg by E‘lé&i%&é?ﬂaﬁ@llﬁ%&%&;ng thest ﬂé’!@t
i ncl udes fault |solat|on nmeans for 1so el ectrlcal <fult in a
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BRI EF DESCRI PTI m%}f’h e s h L Ve Epemy, dyna 1§d\f§‘nt9ages of

t he i nventi oremEPPiBRg ScheWfyer st ood by readi ng the follow ng detail ed
descripgipon in 25p1eanj3nciitistrdtes g :ﬁethean ferdcddatdng an even vVideo!

I Tustrates %legogg%otanofo cf‘ Viaeo Sgid in accordance with the pr:.or
art;
FIG. 31 illustrates a method for creating an even video
field and an odd video field in accordance with the prior
15 art;
FIG. 32 shows a 240X 240 pixel window within the
larger digital image; '
FIG. 33 illustrates a method for creating an eveh'vidéo |
- -field and an-odd video field-in' accordance with a preferred
20 embodiment of the present invention; and
FIG. 34 is a flowchart showing a method of focusing a

FLIR image.

. DETAILED DESCRIPTION
25 The present invention relates to a targeting and
imaging system that includes an opto-electric subsystem, an
EMI grid, a fault isolation subsystem, and a signal
processing gsubsystem. The opto-electric subsystem includes
a high resolution, gimbaled, mid-wave (3-5 micron) or long-
30 wave (8-12 micron subsystem) FLIR; a laser range receiver
{LRR) for ranging and target designation; and a laser spot
tracker (LOS) for positive target identification. The FLIR
. subsystem also provides two optical fields-of-view (FOV),
- | including a 1.2° FOV and a 3.8° FOV with a 2X enhanced mode,
35 and a 4X and an 8X electronic zoom mode. Other key features
of the present invention include commonality of optical




FIG 2 illweowvr4t48 t he concept of range neasurenent er r ACTARI7I0&RS6aser
overspill; FIG 3 illustrates the optical design of a FLIR/ | aser
30 systemin accordance with the prior art; FIG 4 shows the
opto-el ectrical subsystemof a preferred enbodi nent of the present

I nventi on; FI G 5A depicts the o tlca configuration of the FLIR
reIay/FOV'asseany I n the NFOV node; FIG 5B depicts the optica

f
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LCS/servoqgﬁb oWs t |ca co guration of
t he commprretentpionh/ aad anoaattemlglhmemhbr cauhsvstmn pte chindmigenbal

assenbty: r e
FIG 1 shoh’ée‘tihael%@ri‘ggf‘ght%%?ssHe%'efeqlshg %Fgw%égsh%% the gg%é’s:l ght

reticle pd#Q@®sn; 10 FIG 12 is a block diagram of the boresight

process: " tna L BondespRi b g GRS RIS e
Lgni aser spq rou
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terms "optic" and "optical' are more broadly associated with

10 electro-magnetic radiation in general, and/or devices that
are sensitive to such electro-magnetic radiation, even
though the electro-magnetic radiation (i.e., IR energy and
laser energy) may not be visible to the eye.

In addition, the terms FLIR or IR image, optical image

15 and digital imagelappear below. .The term IR image refers to
the IR energy pattern generated by the FLIR optics. The
term optical image refers to an array of analog, electronic
signals which together provide an electronic répresentation
of the IR image. The analog, electronic signals are

20 generated by an array of IR detector elements which respond
to the IR energy pattern of the IR image. The term digital
image refers to an array of digital values, also known as
pixel values. Together, the array of pixel values provide a
digital representation of the optical image, wherein each

25 pixel value is associated with a corresponding analog signal
value in the optical image. One of ordinary skill in the
art will readily understand that the optical image and the
digital image are not visible images; instead, each is but
an array of analog and digital values respectively.

30 However, one skilled in the art will also readily understand
that a visible image can be produced from the optical and
digital images with the appropriate display hardware.

} OPTO-ELECTRICAL SUBSYSTEM
35 In a preferred embodiment of the present invention, as
illustrated in FIG. 4, IR energy enters a segmented target




15 FI‘&”YS‘%OWS an alternative enbodi nent of the presé’ﬁ‘?."us”mm6

I nvention which enploys a conbi ned LST/LRR; FIG 16 illustrates

t he conbi ned LST/LRR; FIG 17 shows the segnmented w ndow,

FIG 18 illustrates a typical energy artifact that 20 interferes with FLIR
i rage when, an EM grid according to the_y4_ prior art is used;

FIG 19 shows a preferred enbodi ment of an EM grid in accordance with
the present éc{LY £POn window (nE{:Gshggn')s and %%Me@té’d‘aﬁYanéSmﬁBhor
PWM 25  anpt servo syste =Ke is a

I.cting
t he dual - pm&ﬁﬁ ¥ glmbaiwﬁfaﬁﬁﬂlﬂpér fEHQ.qQQHQﬂlRﬁF dﬁ%ﬁsleg
FIG 22 is a@f&&amrmpfoﬁ ébihﬁ@npapéet{l&bqra.sP\ﬁMferre”ﬂmid faér"é&hﬁi@n"

system 30. . 23A and 2 harts .depi ctin ree-
Shase ot obePRRRSG RS (Fae  HPEERTE) 6 BRLIRAR L0 Lraneit (Rud/og" ¢ 4
di agr ans of recaixg cIRphasergpt as, wellheas lase&r’r’;dméng'a},alr Serhe SHOMheN]

FIG 25 is a depi egs | e<p , f .1 near
anplifier f}%%ay%%lé :}'oﬁgp%%%gglip EQQ %ﬁgﬁf%i&éﬂyﬁ'slﬁé oue

PCT/ US97/ ogrB6itive lens 40la and two negative lenses %01b and 401cF| & 26

is a block ﬂﬁ%@ﬂﬁééuﬁrﬁicngshhe ghﬂﬁalset ofP TR ’B!;-J 4ONSpbN
accordance wth erred I ment of the present’ 1 nvention,
index of refraction for both the IR energy and the laser

10 energy, thereby making it feasible to utilize a single
aperture for both the laser energy and IR energy. Having a
single aperture for both the laser energy and the IR energy
significantly reduces both fixed and dynamic alignment
errors between the FLIR LOS and the laser LOS. o

15 _ The common aperture 401 reduces the dlameter of the IR

. energy beam as it enters the system and directs it toward a
turning mirror 403. The turning mirror 403 then directs the
IR energy beam down the pitch-axis centerline 405. A

turning mirror 406 then redirects the laser energy ‘and the "~~~

20 IR energy parallel to the system longitudinal axis where it
encounters a Dichroic D1 located within the FLIR relay/FOV
assembly 407. Dichroic D1 separates the incoming energy
based on spectral content. Dichroic D1 accomplishes this by
transmitting energy having wavelengths that are greater than

25 ~2.7 microns (e.g., IR energy) and reflecting energy having
wavelengths that are shorter than ~2.0 microns (e.g., laser
energy) .

The FLIR Relay/FOV assembly 407 contains a number of
fixed lenses 41la and 411b, and a number of movable lenses

30 412a and 412b. These lenses act upon the IR energy so as to
decrease or increase the IR beam diameter depending upon
whether the FLIR relay/FOV assembly 407 is in the narrow FOV
(NFOV) mode or the wide FOV (WFOV) mode, respectively, as

- - will be explained in greater detail below. The IR energy

35 then passes through a dichroic D2 which_transmité the IR

energy in the same manner as dichroic D1.




FIG 27 smang7/414€ 2D sharpen filter; 5 FIG 28 il ustrcargss706a56

process of remapping the dynam ¢ range of pixel imge data to enphasi ze
dar ker " intensities over lighter intensities; FIG 29
illustrates a non-uniform dynam c range remappi ng schene; 10

FIG 30 illustrates a nethod for creating an even vi deo field and an
odd video field in accordance with the -Bd-or art; FIG 31
illustrates a nethod for creating an even vi deo field and_an odd vi deo
field i n accor e e R tPEFBE B??‘gr epgoupters a deroll mgsemblynddd-a 240 X

2|4? pi xel THel lwd&']éféébétﬁbly 41Batigen udied 'tagﬂdé:fﬁgE ;prism 4%]4 ahfGa 3_3d

il l'ustrates a netho creating an _even vi.deo and. an vi deo
folg o Perve ki (ot SRRVEY o 2ReS 3R atUTED sine Aol S ER.BRE

i nventi onThendleroll priswl€l43dnteraalllynwciefiiectmviing IR needmodanf odd

focu5|§1g ﬂ.w]u%)exF IR mvenfor example, three times, QF&?& = HESLR! PRI ON

presen ronre to a targeting a I magl ng
syst em t henengy tdeexit ophe- derolli prigvsderin fhe sam@diredtianf aul t

| sol ati onegahs st WUHe &Pkl e Bk 988011 pRi A9 SRSy St n%ér?@%il prism

opto-electric subsysten1|ncludes hi gh resol ution,
(3-5 nicr8dp &S SHhpted QBe(GeEZQﬁW9QWFG & #%.?2 definedrbyange
recei ver the (IRRQptidal dbgany madhhar ¢tie WWth&:oﬂm’eﬁd@ﬁ&t;ﬁQOt

) 50 3 ovFRE F{% Oese) %, 8 451, FEE0R, (€8 Y22 K Avurken of idatelf)
FOV and ap’r:.&[nemyl Emtatid:naréﬁuénhalined-ﬂﬁ)c&ggﬁbsaoﬂ IR 4dnagel an 8X

el ectroni g%{;%%rﬂd}ﬁy 9 ¢ \F‘ﬁée e¥nkeotation of el FPheSHRlgd HEaLLE"

i nclude c
by changes in pitch angle, as explained above. This is

referred to as the doubling-effect. The deroll prism 414
15 will be described in greater detail below.
A fast steering mirror (FSM) 415, contained within a-
FSM assembly 416, then reflects the IR energy beam through a
dichroic D3 located in the FLIR imager/focus assembly 417.
The FSM 415 is used for fine LOS stabilization and removal
20 of motion induced image blur associated with gimbal scanning
and ground rush optical flow. The FSM 415 will also be
described in greater detail below.
The FLIR imager/focus assembly 417 includes an imagerx
afocal 419 which translates along linear bearings to
25 compensate for variations in focus over variations in
temperature and altitude. Thus, the imager afocal 419 is
capable of adjusting the focus of the IR energy over a range
of temperatures and altitudes.
.The FLIR imager/focus assembly 417 is connected to the
30 FLIR detector/cooler assembly 427. To facilitate FLIR
detection and imaging, the lens set comprising lenses 425a
and 425b collimates the IR energy as it passes through the
FLIR imager/focus assembly, FLIR detector/cocler assembly
interface. By collimating the IR energy, the IR image is
35 far less sensitive to small alignment errors between the

G - S
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- 10- el enments to mnimze dynam c alignnent errors between the

FLIR LCS and the laser LOS, an isolated optical bed to m ni m ze -
differential bending and nmaxi m ze boresi ght retention, and an internal
bor esi ght subsystemto mnimze 5 flxedlgllgnnent errors betmeen the FLIR
LOS and the | aser LCS. The terns "optic" and "optical" are

typically FLIR 3&@@5/@5&&5 méé;&hswruvsaaa HHNSMOIR M@éeaeyewcle&e

terns OptIC optical"™ are nore broadly associated with
electronagﬁéﬁ 13di%&7 on in general , and/or devices that are sensitive
to such el ectromweﬁdm;atmmtmned thet FUIF #dlay/EOVI asBgRBLYC

o0 aUON GlorP ey G TE WEpY, 838 p BFOR SR e bE hue. 06
and di @ t alinteamestappein ﬁi&cNFOVTlhedeertthRFE:iﬂgae]a)efBOVoassemblhy BR7
energy pat re%gr %raéﬁdsl[bysé@e £ '-%é’nBBE' 831 2591% aaf s%ﬁﬁ@l e{:’ééc 1 BRAE s

refers to an of "anal og, ronrc ogef her prOV|de
an eIectroﬁﬂé,r@@%&iiusﬂtaﬁﬁd inofI@he5AR |Ng$9 dhirety lenecsebni c

signal s ar 30 ardf A b did Aerd ' 8¥t O50bRagpleRt E‘Aﬁ{?m Slé\HéGQ aiiaond
to the IR enerqy pattern of the IR M he t%rnld t e refers

|
to an arrafngf 4R it BEF ued: aﬁ’%%hkﬁgﬁ/n £irst et'vé%sanq'os €her,
the arymy ebconelets wmwnf@pﬁesentdaehwmdﬁm et ®n(Dfet hea

optical inmage, wherein,each 25 val ue s as l,ated w t.h
correspondpﬁé:"&ﬂ‘é’ od”%q g%zﬂ‘egatl@% ﬁ%n?np‘?f'rg dptainégctq%g%re @I% ffb?‘ﬁfinary
skill in twith respect to the IR optical path. Individually, the.

first lens set 501 focuses the IR energy; the second lens
set 502 recollimates the IR energy. Togeﬁher, the first
15 lens set 501 and the second lens set 502 provide a maximum
afocal magnification and hence, a minimum FOV. Note there
are no moving optical elements in the FLIR Relay/FOV .
‘assembly 407 when in the NFOV mdde. Optical elements that
_ move are more likely. to cause alignmént-‘errors;, and irn the
20 NFOV, boresight retention and 1ntegr1ty are at their most
critical.
In the WFOV mode, the FLIR relay/FOV assembly 407
employs the first lens set 501 and the second lens set 502,
described above, as well as a single lens 412a and a third
25 lens set 504, as illustrated in FIG. 5B. Again, it should
be noted that the third lens set 504 appears as a single
lens 412b in FIG. 4. Unlike the first lens set 501 and the
second lens set 502, the single lens 412a and the third lens
set 504 are not fixed with respect toc the FLIR optical path.
30 Instead, they are rotated into the FLIR optical path when
the FLIR relay/FOV assembly 407 transitions to the WFOV mode -
and out of the FLIR optical path when the FLIR relay/FOV
assembly 407 transitions back to the NFOV mode. The single
. lens 412a and the third lens set 504 are rotated into and
35 out of the FLIR optical path by a WPOV switch (not shown).
The single lens 412a and the third lens set 504, along with




art will WQ8M46tinder stand that the optical inmage and t he PCT/USYHi62sd

| mge are not visible imges; instead, each is but an array of anal og
and digital values respectively. 30 However, one skilled in the art wll
al so readily understand that a visible imge can be produced. fromthe
optical and digital images with the appropriate display hardware.
OPTO- ELECTRI CAL SUBSYSTEM 35 In alfreferred enbodi ment of the present

i nvention, _as illustrated i FI.G .4, IR ener enters a se nt_ed
t ar get the fiﬁﬁ%ﬂi%ﬁ%%@ éescrgbed above, progugé a ﬁinimum atocal

PCT/ US97/ eadfification resultifnd-in a laggquPevti on wi ndow (not shown),
and is collected copnon Lt chhiy gi.nmbal .afogal 401. _The common
o1t chiyaw gi mbdotH EheEiRea densfp' A EHedBPAL ARG iBnake Ak, 0700
"common" locatesk abxmut han sintermpediate Eocali plard tdongathe tIRand/or 5
recei we | y Sy e g 0 apertune 401 is
actually §é§$?%% é%ggiéﬁ%% t#?gi%gggﬁg ¥nt;%§g%tggggﬁeﬁgd4%1§%$%j€g§?
negati ve Pupids ax®generaved, insboth the NFEY: medenardGtheAWFRY sade. of

I enses equdliizesd Murn, pegxLaf tﬁéf-iﬁ9éh99?§oﬁob hBs! BarbBoenenyy and the
| aser 10 energy, thereby making it feasjble, o ytiliz i ngl e
aperture f&Me&IPM ?é%’é?u-'@ﬁefﬁ} aRdthR ETHEPB?.YaHaHSH‘Eai assegiyl e

aperture 70 Reidtld tis esysvengisasperieiny enethe NFOVSmpdel ioxatHe/
redugﬁf b%%%vfﬁé ef¥¥¥ﬁ83€“%Ef2££QHSEEﬁe less than 2.0 micron
wavelength functions. '

FIG. 4 also shows the optical path for the laser
energy. During the transmission of laser energy, collimated
laser energy exits the laser transmitter 450 and enters the

15 compensator assembly 452. The compensator assembly contains
a compensator unit 454 and a pair of Risley prisms R1l. The
compensator unit 454 adjusts the phase relationship between
orthogonal polarization states of the incident laéer.beaﬁ,
the purpose of which is to ensure that a sufficient amount

20 of laser energy is transmitted through the beam splitting
cube 470 as the deroll prism 414 is rotated as explained
above. Collimated laser enetgy then passes from the
compensator unit 454 through the Risley prisms R1l, which are
used to steer the laser LOS. The compensator assembly 452

25 will be described in greater detail below.

The laser energy exits the compensator assembly 452 and
is reflected by Dichroic D3 towards the FSM 415. As
explained above, the FSM 415 minimizes jitter of both the
laser LOS and the FLIR LOS, further helping to ensure that

30 the laser energy is accurately directed to the desired
target. '

The laser energy then passes into the deroll prism 414,

where it is internally reflected as was the IR energy as
explained above. After exiting the deroll prism 414, the

35 laser energy is reflected by dichroic D2 through the
combined optics assembly (COA) 456 and the laser relay/focus




€ CT/US97/06256
errors bet \Xv/e%gw?lﬁgoFLl R LOCS and the laser LOS. 15 The cPorrrmr? aperture
- 401 reduces the dianeter of the IR energy beamas it enters the system
and directs it toward a - turning mirror 403. The turning mrror 403 then
directs the | R energy beam down the pitch-axis centerline 405. A
turning m.aoror 406 then redirects the | asgg- energy and the 20 IR energy
parallel to the system | ongitudi nal axis where it encounters a Dichroic

D1 | ocat ed adddmivly h45BL| REvenayad®y, theasksxdyt yerd@rgy th.nbonhceﬁé _
separates the.incom e e roic D1
acconpl i sh&qrhf%lgyﬂg’ Qﬁ Flglr@s %etftl%%%gﬁgggy E’gte%/]ir %n%va% Q%B?Dgﬁf’hat are
greater thapitxh/yaw givbsisagsegbly Rehemhichininh redimcdingetaethe havi ng

wavel engt h%égﬁ & %ég n%FShﬂt BaRoitch ?i%ﬂ‘ﬁ% fsﬂ-thfé‘é?ﬂ the EBfm8Y%) -

The FLIR R containS a nu | enses 411la

and 4119, mz@lzmwof aﬁévasu &hee%cmom% Ehel dmbredmesgetenses

act upon the | R ei$&8Yehlray k8turn RC TIRME tH é%‘;%%B Qﬁg ,

di anet er dependi ng upon g@ er the FLIR reIay/FCN asse Z 1S in
t he narrow se S?RFEﬂfoHE et nFedBinapDAneh fRhovak phefpre, v,
as Wi | Ipatmm@I ﬂhﬂedghntgee&moﬁhe értbﬁ‘eﬁ\ﬂl(?irhe 1R ﬁmeﬂigfoﬁﬁoﬁben
asses thr 2 I s .the in the sane
ﬁanner as r0| Cé [ﬁﬁeiga.? p%%gg /tilﬁ% energy Iﬂl e., e:[gx)fg common

PCT/ Uy / o@j&;@:h axis) until reaching D1, which reflists the lasefhe IR
energy nexXleRIY At gFSugndehe! hadese Ri1Ly/¥dcus assembly 458 and into
the COA 456. The COA 456 then redirects the return laser
energy into either the laser range receiver (LRR) 462 or the
laser spot tracker (LST) 464 depending on the state of the
15 LST/LRR switch (LRS) 466.
The laser subsystem components including the laser
transmitter 450, the compensator assembly 452, the COA 456,
. the LRR 462; the LST 464, and the laser relay/focus assembly
- . 458 will now be described in greater detail. '
20 In a preferred embodiment, the laser transmitter 450 is
a diode-pumped solid state ND:YAG laser. Diode pumped
transmitters are preferable over flashlamp pumped lasers
with the same optical ocutput power because diode pumped
transmitters are more'reliable,-require less power, and have
25 1longer life spans. The laser transmitter 450 uses an
optical parametric oscillator to generate a 1.57 micron
training wavelength in addition to a 1.064 micron tactical
wavelength. It is possible to obtain components so that the
output of the laser transmitter 450 has a beam quality
30 (i.e., brightness) of better than 9 mm-mrad measured at the
| laser output port and is also capable of transmitting
greater than 90 mJ at 1.064 microns and 26 mJ at 1.57
microns. Moreover, the laser transmitter output is driven
. by a Pulse Inter-Period Modulation (PIM} code or at a pulse
35 repetition frequency (PRF) of up to 20 Hz, with a pulse
width of 20 nanoseconds.




The derol WQREHAM v 413 includes a deroll prism414 and a PCTA8YNS52560t OF
(not shown) for rotating the deroll prism414. The deroll prism414
internally reflects the IR beaman odd 5 nunber- of tines, for exanple,
three tines, and causes the IR energy to exit the deroll prism414 in
the sane direction that it entered the deroll prism41l4. \Wen the
derol |l prism 414 is rotated by the E%rvo not or, about an axis defined

by the IR [ as ect_of co e -rotatln 10 the
FLIR i mage at g'?’? i‘%% (Cé”b“s %’2 %l VB JOHFeE J'e}?é 8 recgiw. r'ﬁ 414
rotati on respbhsiwve t4:5bubetgr adee af . (R imron tactieal cmatvemenguht elhdt he
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pri sm 414remotiely Beocased ifixam itheyrinseyr atgimseeeaolapw level A fast

1
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stabi | i zalagaragganemitalex? A5y Ay ipBldriherbn BE61Htea BFSeseabed W th

I mbal d h t | fl T FSM 415 | b
descri bodtBh BReRrevaRs: FHe putsiping Lasey eaérwﬁlgf?rnaaw 3ihe xesenbly
417 i ncl udeflentimggdnto trm‘m &6, With énargyalesehl ofigthenear
bear : €O ff I r L0
CenpaPar (PHra8ing’ RES Whrdl iy, Widel OF g Ftud@" hELhAR bidp,
adjustlngthﬁeengegy éﬁvpﬂeqﬁ?&hﬁu@ﬁﬁuxnnlaﬂenugxise odndenpér ther es and

al titudese £ tmeo%kl Q%fééz‘)?’lﬂs%gseépékréﬁ7 | $e£PNBRaled to the
30 FLIR detgg r?bo S éﬁ?ﬁﬁ? facilitate Fﬂa ke det%gtlon and

i magi ng, Pﬁ€°?€ﬁ§g§e9 i q%sléf%ﬁlergyan’aeﬁ%ﬁtﬁotPFﬂaF\?? the IR
energy asLRR R&25ethehIRRywille becontd |dativirgced fms:mspablé ofLI R

et eqkor 82842k 485 R Loyt MG S Rinie L e Ea ' Futatilka ol
of ranging from about 0.25 nautical mlles to greater than
about 20 nautical miles at an accuracy of +/- 3 meters. B

In a preferred embodiment of the present invention, the
LST 464 uses a quad cell silicon detector to acquire. laser -

20 spot tracks.

The laser relay/focus assembly 458 provides two
functions. First, it optically relays the transmitted and
received laser energy between dichroic D1 and the COA 456.
Second, it maintains laser energy focus over temperature and

25 altitude by translating a set of focus lenses FL3. The
laser relay/focus assembly 458 translates the focus lens set
FL3 along linear bearings using a motor driven lead screw
and by monitoring position feedback with a potentiomeﬁer.
Laser energy is actually focused inside a vacuum cell (not

30 shown) that is built into the laser relay/focus assembly
"housing. The laser energy passes into and out of the vacuum
cell through a set of vacuum cell windows 468.

The compensator assembly 452, as stated above, contains
a pair of Risley ptisms Rl and a compensator unit 454, and

35 it performs three primary functions. First, the compensator

| assembly 452 is capable of shifting the laser LOS to adjust
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- 13- FLI R i mager/ f ocus assenbly 417 and the FLIR detector/cool er
assenbly 427. As previously nmentioned, the FLIR rel ay/ FOV assenbly

407 provide
NFOV node,
| enses 501
Note, the f
single lens
the 10 sec
positive an
respect to

f ocuses the energy,

s both a NFOV and a WFOV for the area of 5 interest. |In the

.the FLIR rel ay/ FOV assenbly 40i#- enpl oys a first set of

and a second set of | enses 502, as illustrated in FI G b5A.
thet lhsex-tei-FLIR Hremidiithe Burond) etise Sebmp@Asappear as
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provi de a mpxka¥Tenergdy! eféalaerIafllt%&tﬂamb AHHb haicsn SF "HRLFPYgehot €

t here are no in cal elenents in the FLIR Rela /FCN assenb
407 when inePﬁEQNE%& 5’&) mie&ﬁﬁ%s ing PIRGe ‘é?% Adr wili hey

to cause al

'e:gpmamnedeﬁnoga-gaacm detiaid 221oW-OV, Tdskesapet acebhplliehednd

integrity t Al al . In the WFOV node, the
FLIR relay?égweagsgﬁgpeg%%%or un@%bl ys the first lens set 501 and the
second1Pens set 382111u8tae§cﬂ|b@dFaﬁbvé. Lhe\dmpensatongheiteas4412a and

athird 25

cbRPaiAs! twBtoptidall waledhetdd) H G/PRiavdfire bbsshad 4

. A/2 waveplate 610, which are individually rotated as a.

15

function of deroll angle (i.e., the angle of the deroll
prism 414), under the control of a microprocessor-based
circuit (not shown) which monitors deroll angle. Both the

‘A/4 waveplate 605 and the A/2 waveplate 610 are individually

20

25

30

35

mounted in an identical ball-bearing-supported, gear-driven

Iy

housing, and each has its own drive mechanism composed of a

sexrvo motor.-.and a position feedback resolver.

FIG. 6 illustrates that an outgoing laser beam 615 is
linearly polarized when it leaves the laser transmitter 450.
However, to ensure that the laser beam is linearly polarized
when it exits the deroll prism 414, the A/4 waveplate 605
can be rotated to vary the ellipticity of the laser beam

'polarization, and the A/2 waveplate 610 can be rotated to,

in turn, rotate the orientation of the ellipse. By ensuring
that the laser beam is linearly polarized when it exits the
deroll prism 414, the laser beam will be linearly polarized
when it passes through the polarizing beam splitter cube
470, thus ensuring that the energy level of the transmitted
laser beam will be sufficient to illuminate the desired
target. It is important to note, that the order in which
the laser beam encounters the A/4 waveplate 605 and the A/2
waveplate 610 is important.

The COA 456 is an electromechanical/optomechanical
assembly that redirects the return laser energy beam into
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be noted tWaO7TMHEOt hird | ens set 504 appears as a single PCENISO7A5285 i n
FIG 4. Unlike the first |lens set 501 and the second | ens set 502, the
single lens 412a and the third | ens set 504 are not fixed with respect
to the FLIR optical path. 30 Instead, they are rotated into the FLIR
optical path when the FLIR rel ay/ FOV. assenbly 407 transitions to the
WFOV node and out of the FLIR opticé}spath when the FLIR rel ay/ FOV

ona the t e LARChER 8% RAE Lo i Ml eon 488 B3B8 Fedne EO'R opt i cal

path by a M&-’ﬁytamtahptopbrsﬁmae)r to-LRheboregight eand4 a2 prapeéxt hméé‘n‘-rd

| ens set qggrg%a -14
enses

the fixed escrlghﬁ ‘above, produce a m ni num af ocal
magni fi cati on réeent thg lasgx angergaareturns to Bbhehsystem fadn &hees and

the rogat 'awsif@aeéaé ét, it q%atﬁh&&my by B8 14 5% gegedi Qheghacregrtm‘% al ong

the IR 5 optical _path such that_a real rance pupi.l exit

pupi | are faReraRdamiy B@@ﬁq%mﬁaﬁ%@wm% vedlrgsged intorg &/3n
turn, perrgidveplecé R4saebgy at @d@.&&sliirﬁgtméa littegadQoGoOMIBN tHRerture
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d1v1ded between the same. Thus, the A/2 waveplate 466
serves as an LRR/LST switch. .

After the )\/2 waveplate 466 polarizes the laser energy,
a pair of Risley prisms R2, the same as the pair of Risgley

15 prisms Rl, is employed to shift'the laser LOS within the COA
456, thereby adjusting the laser-to-LRR or the laser-to-LST

- boresight. Both the Risley pair Rl and the A/2 waveplate
466 have their own drive mechanisms comprising a servo motor

" and a position feedback resolver. .

20 After passing through the pair of Risley prisms R2, the
laser energy encounters a polarizing beamsplitter 472. The
polarizing beamsplitter 472 redirects the laser energy into
the LRR 462, the LST 464, or both depending upon the
rotation state of the A/2 waveplate 466 (i.e., the LRR/LST

25 switch).

In order to stabilize, correct and control the lasex
LOS and the FLIR LOS, the present invention employs a
LOS/servo subsystem. The LOS/servo subsystem helps to
minimize dynamic jitter for both the FLIR LOS and laser LOS.

30 FIG. 7 is a diagram of the LOS/servo subsystem, which
includes a six-axis gimbal assembly 705, a number of single,
dual and three phase servo motors 710, power amplifiers 715,
various rate and position sensors 720, a dlgltal interface
725, and a digital processor 730. _

35 The six-axis gimbal assembly 705 includes the pitch/yaw
gimbal assembly 460, a roll gimbal {(not shown), the deroll |
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| aser enerngEX|ts the | aser transmtter 450 and enters the ﬁg conpensat or

assenbly 452. The conpensator assenbly contains a conpensator unit 454
and a pair of Risley prisns RL. The conpensator unit 454 adjusts the
phase rel ati onshi p between ort hogonal pol arization states of the

I nci dent .| aser beam t he purpose otqwhich is to ensure that a

sufficient anmount 20 of |aser energy is transmtted through the beam
splitti ngassemag?e@ﬂao amd hehélersml 4 p5i. Sn%pmtdh}’iﬂve(bﬁﬁbﬂ.(p' ai ned

b Col | e ne r t he n o] nit
Toa" Chr ounneRREH SR3 SIS, AT pBRRAESY 10T, Mg e M ERL Pt
IBOIS The amnrpmbaateld ass entpas aibe PP mf%atled sbgﬁ:muaﬂecbedm @ﬁ@aﬂzatdesal I

€1 OW. (0}
is refl ec?‘éap8§t%| f?&g %??iga?:?i’%%e 2%4%%&}?&% expla |%e ove
t he FSM mstmuamseéxqgh-tféerSMYhvnhgatlomSagéxd Mo igviczese FLI R LCS,
further hE{'.i’thuErale'?:%Hﬁﬁ&ah 2., tﬂﬁwl eaefuan%@,g}i@@fw&ﬂyoﬂéi ecaed

to the desire laser energy then passes. into’the
der ol | pr?%h1Qi4Wh1°h\M%Qhﬁlﬁlgélﬁh?éﬂﬁéyl?°P§M%§Hﬁﬁj§ﬁsﬁﬁﬁ and | R energy

as exgyaanee andynmet edrexising the deroll prism 414, the 35 |aser
energy is reflected, d chroigc .D2 throu I ned tics assenbly
(COB) 456 and &'ﬁ ri’e‘?"éﬁ’f'@%%% assegglﬁoiéf’/mﬁ% Urn, comprises

PCT/ w897/ @ 2hfiner glmbal (i.e., a yaw gimbal) that -iHcludes aaseenbEy

498, EveniugLby 4bls | 336 SIEI YofOSOUD' Biluserarld NP1 sHMMR o,

reflects
- and a gimbaled mirror 403. Note, the lens set comprising

lenses 40la, 401b and 40lc is shown as a single lens 401 in
FIG. 4. Lenses 40la, 401b and 401c are the optical elements
15 which make up the common pitch/yaw afocal (i.e., the common
aperture mentioned abowve). The inner gimbal provides -
limited rotational movement about the yaw axis
- (approximately 5 degrees). The pitch/yaw gimbal assembly
s ighe .. 460 also has an outer .gimbal (i.e., a pitch gimbal), which
20 contains a fourth lens 815. The outer gimbal provides a
full 360° of rotation about the pitch axis 405. 1In
addition, there is only one pitch axis interface between the
pitch/yaw gimbal assembly 460 and the host platform, and
- therefore, a common set of pitch bearings for the laser
25 optics and for the FLIR optics. The pitch/yaw gimbal
assembly 460 utilizes two separate servo motors (not shown).
The roll gimbal and the deroll assembly 413 provide LOS
pointing and image roll stabilization respectively. More
specifically, the deroll assembly 413 provides fine roll
30 stabilization and horizontal stabilization for the FLIR
image as the system rotates about the roll axis and/or the
- gimbal assembly rotates about the pitch axis. 1Image deroll
is actually accomplished by a deroll prism 414, mounted in a
- cylindrical housing that rotates on low-friction, preloaded,
.35 duplex bearings. The rotating assembly is driven by a
direct-drive, pancake torgque motor and position is sensed




pi t ch/ yawW@ #d460assenbl y 460, which in turn directs the PCI/USSI®6258Nner gy
al ong a common pitch axis, through the common 5 aperture 401, and in the
direction of the desired target. Laser energy returning fromthe
desired target enters t he sensor through the segnented w ndow (not
shown) before passi ng through the common aperture 401 It then
follows ° the same optical path as~®% IR energy (i.e., along a common

10 pitch axi é until re chlng E which ref] ects the | aser ener gy
t hr ough tHRYPY EraFEPBQP GctssQ ¥@ﬁbl9mW§§QQMFQQﬁ%?11Y witla R 456. The
COA 456 tevtoredirects the return |aser ~energy into either the | aser

range receiver 4 e | aser _spot. tracker. (LST) 464 dependi ng
on the state o?ﬁéﬁgg%52§§$%fkg 438 & EEﬂ§f¥ﬁ5§ éiPOSlélo%ﬁ% P3€er
subsyst enretenpoonihcs Pall addngheheleatermechamimalniadssmiiby, 90be The

conpessal iy a5 Okesmééﬁan%ggl%ség.gé 900" 1% SR Mier e déﬁnb%‘gﬂ and

the | aser _relay Cus asse now escri
detail. 2evice which p@éﬂ‘éeﬁeé Eﬁﬂoéﬂ-ﬁeﬂbomthé‘-h%smtqltmtﬁb@ 488 is

a diode. pupogad ohidle s 26 cabli Gk 2atea 1N 848 PURbe adgangitiers are
preferable over flash E n?e | asers t'he same optical  out put
SuapBebes

power becEREE Y ¥ae tr&ﬁsﬁ1??@ﬁ§?ﬁqg|ﬁﬂh94%ﬂqnﬁﬂeﬁh¢e§§Mre | ess
power , am:bmayﬁo%deboﬁgné btabilpaationTHer ahe FUITRIOL tHid 4EReUses an

vever EngtIRFRE R oft 81 abBaRTEPBRS, B! PRAS-Tnd, fhe SHLFRE 7H4: o
possi bl e yaw osh)imball cmpmnWsthothhaﬁMUha’zo andjhwtapp‘lyirfglaaser

transm tt sf@P#?oﬁQ@éﬂbﬂ”&&nﬁXnﬁoto (-_he smb I capa% hoEOr ghan 9

mm nr ad asure | aser out put
transm t t3¥%g- Thgrw@emanmgbompasltlgmcmem@ m.zsxmﬂthnl 57

M Crons. cdd¥LOVES FOYLEd 1t> ealﬂsﬂrséwasan&be&oa%aurasls%nmw%o zhgua Pul se
(e oy R BhadplE 1) G005 8" t" o peli abrobes "
925 and a pos;tlon probe electronics assembly 930.

The LOS control sensors 720 provide digital information
to the LOS control software réSiding in the LOS control
processor 730. . The LOS control processor generates LOS

20 control signals to control both the FLIR LOS and the laser
LOS. The LOS control sensors 720 include an angular roll
rate sensor which provides digital roll rate information;
resolvers which provide gimbal angle position; position

' probes which provide position information for the FSM 415;

25 and an inertial measurement unit (IMU) assembly (not shown).
The IMU assembly is comprised of a three-axis fiber-optic
gyro (FOG) and a three~axis accelerxrometer. The IMU provides
incremental angle information, as a function of inertial
angular rate, and incremental velocity information, as a

30 function of inertial linear acceleration. '

While the LOS servo subsystem helps to minimize dynamic
alignment errors, the present invention contains an internal
boresight module (BM) 474, to minimize fixed alignment
‘errors between the various internal lines of sight, as

35 illustrated in FIG. 4. The BM 474 is optically connected to
the pitch/yaw gimbal assembly 460 and, along with a
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- 16- The LRR 462 consists of a | ow noise | nGAs receiver
responsive to both the 1.064 mcron tactical wavel ength and the 1.57

m cron trai ning wavel ength. The LRR 462 is “renotely located fromthe

| aser and.uses a low level 5 backscatigf_of the outgoing |aser pulse as a
trigger for its timng circuitry. The LRR 462 is renptely |ocated from

the ! aﬁéfegtaﬁenbb&&rro%fal@&mtar | ZRthHEq | sel.»aawgmnbhe;h@m 456
to prevent the outg g éﬁi q} E%Lfront ecul | arl é %§flec |nto
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return pul ses | rrﬁg gs-rﬂgvtéér%ﬁ Ié&aﬁé%fiﬁtnau e{:Q |ng hrorﬁmabout

0. 25 nauti cal |ca ntles at an
accuracy o%74;- Wblﬁbtéﬁscontalned lnﬁkﬂﬁwiﬁh¢u%§n§nﬁﬁﬁvnénFI@ﬂeﬁhéupresent
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- into and out of the BM 474. In addition, the BM 474 .
includes a reticle 1010; a laser filter 1025, which prevents
laser energy from passing through certain openings in the
15 reticle 1010; an IR/visible light source 1015; a laser
detector 1020; and a laser source 1030. '

During the FLIR LOS alignment procedure, descrlbed 1n
greater detail below, the IR/visible light source 1015 emits
both IR energy .and visible light énérgy, which pass through

20 a diffuser 1016, a dichroic 1017, and an 6ptica1 lens 1018.
The energy then reflects off of a second dichroic 1019,
through the reticle 1010, wherein it is directed out of the
BM 474 by the primary and secondary mirrors 1006 and 1007.

During the laser LOS alignment procedure, described in

25 greater detail below, laser energy from the laser
transmitter 450 is directed into the BM 474 by the primary
and secondary mirrors 1006 and 1007. The laser energy then
passes through the reticle 1010 and into the laser detector

. 1020 via the dichroic 1019 and an optical lens 1024.

30 During the LRR and the LST boresight procedure, the

laser source 1030 emits laser energy, which passes through

- an optical lens 1031. The laser energy then reflects off of
the dichroic 1017, passes through the optical lens 1018,

. reflects off of the second dichrcic 1019, passes through the

35 reticle 1010 and out of the BM 474. 1In a preferred
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| i near bearings using a notor driven |ead screw and by nonitoring
position feedback with a potentioneter. Laser energy is actually
focused inside a vacuumcell (not 30 shown) that is built into the |aser
rel ay/ f ocus assenbly housi ng. The Ig er energy passes into and out of
t he vacuum cell through a set of vaédimcell w ndows 468. The
conpensat or , assenbl 2 S _stated_abo cont ai s a .pai.r of, R sley
or1 S R SRR N hye dit oFSeRF | SoREooal 39535 & daees Abhing sidels |
functi ons.(LEB)r.st, the conpensator assenbly 452 is capable of shifting

the | aser LGS adj ysit L414Q0 .
PCT/U897/06256%%e(yéEECIe 1010 ggh@léﬁé Q reticle pgffgrn llquu?s

| aser - t o- BElARstaradsid Hin BEGondl - t hBheonpthsieopatternydddn| inpgndes
capable of ?:%wﬁxi r&ftd?ﬁ;é’@éﬁiirzéﬁéﬁédof:pbﬂings, th3SRIgHeRBHGH a3 riidder to
conpensate tor perturbations I_ht roduced Dby the derall _prism414.
Third, théasep&FsdiforenergysRans| Juringaphs ¥aghoyng LOS 7d ignment
pol ari zat pedcelsddir. As 6@ EAEFIR.S213Sthe ¥akdobat opehdngy @i ty of
the | aser ener during_ the internal resightin rocedure.as wll be
expl ai ned SYFMEGEE t%ﬁ¥§%@$§mfr93§ saaggsgc Fherafddgn cirglaz,e
conpensat wegdein.. 44 tHé very céatelrl oft thiiedcirchl@r Gedilon demseremt or
oV AP eI RAYE, ORLCE, (§oUERLALARnce iSH 1S VRNRRLALS: W o
functi on setdeds pahtpmn (31@0,. the angle of the deroll prism414),
under the cont hgle Gfi st §6OP6LCEPEALNEASEH the reticle pattern 1100

include five octagonal shaped openings 1105a-e. These

openings allow IR energy to pass through the reticle 1010
15 during the FLIR LOS alignment procedure. As will be

explained below, the first four openings 1105a-d are used

for symmetrically aligning the FLIR LOS with respect to the

center of the FLIR focal plane array. The fifth opening

1105e is used for rotationally aligning the FLIR LOS. with.
20 respect to the FLIR focal plane array.

The reticle pattern 1100 also has a number of
' checkerboard-like openings 1110. The checkerboard-like

openings are used in conjunction with special signal

proceésing software. This software, in turn, controls the
25 procedure for focusing the FLIR image prior to the FLIR

alignment process. The larger checkerboard-like openings

are specifically used for focusing the WFOV FLIR image,

while the smaller checkerboard-like openings are used for

focusing the NFOV FLIR image. The signal processing
30 software which utilizes the checkerboard-like openings will

be described in more detail below.

Finally, the reticle pattern 1100 contains four wedge
shaped openings 1115. Unlike the octagonal,shaped openings
described above, the wedge shaped openings 1115 allow laser

35 energy from the laser transmitter 450 to pass through the
reticle 1010 during the laser LOS alignment procedure.




15 ci rcuitvf?n%-fmgﬁoom) whi ch nonitors deroll angle. Both thle’c'rmswf,gﬁr25 /4
wavepl ate 605 and the [err]/2 waveplate 610 are individually “nmounted in
an identical ball-bearing-supported, gear-driven - housing, and each has
its own drive nmechani sm conposed of a servo notor and a position

f eedback resolver. 20 FIG 6 illustdxges that an outgoing |aser beam
615 is linearly polarized when it | eaves the laser transmtter 450.
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ensuring thajg $hea§n§ﬁ8¥n| Qﬁebl%kt t191"()r angy tr‘dtf&tln |t§§é9rpi7&§§'in ?‘iﬁ\bame
sufficient to 1l lum nate t e desire tar 0 note

OI’ ta
that the or de85 | Regreen, the BN ﬂgéebwse%ébt}rﬂt&%rat %4‘4’\%V€BF§T e
605 and the cﬁﬁnééﬂ pathvandpichiee 1aberi optiel guth.35 Next ﬂme £1¥n456 is

on ol ect o hanksgh hgPLBUEIIUN By, ppptyY it v KSHS VhLn! b
PCT/ US9I00622frn, move the various IR and laser opticess-duringttize RR 462
or the LSTRg@%eJD g%gégéd 0280l BediVated T YAFARULRA L block

| aser-to-L ores roper
1215. The NFOV FLIR 1mage and the WFOV FLIR image are then

brought to focus on the focal plane array 480 in the FLIR
detector/cooler assembly 427, in accordance with blocks 1220
15 and 1225 respectively. The FLIR LOS alignment procedure
-begins once the NFOV. and the WFOV FLIR images are focused,
in accordance with block 1230. The FLIR LOS is aligned with
. the center of the focal plane array 480 using the IR/visible

o light soqnceulolsrmthe-reticleupatternflldo and, more -

20 specifically, the octagonal shaped openings 1105a-e in the
reticle pattern 1100 as described above. The FLIR LOS
alignment procedure is specifically accomplished by first
illuminating the IR/visible light source 1015. The IR and
visible light energy pass through the five octagonal shaped

25 openings 1105a-e in the reticle pattern 1100. The energy
passing through each of the five octagonal shaped openings
1105a-e will cause five corresponding regions on the focal
plane array 480 to become illuminated. With the roll servo
locked, the signal processing routines mentioned above

30 command the pitch and yaw servos to, in turn, rotate the
pitch and yaw gimbals until the first four illuminated

- regions on the focal plane array 480, corresponding to the
first four octagonal shaped openings 1105a-d, are
. symmetrically located about the center of the focal plane

35 array 480. Then, with the pitch and yaw servos holding

their positions, the signal processing routines and the
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the 5 desired target, it is randomy polarized. In the COA 456, t he

randomy pol arized | aser energy is redirected into a [err]/2 wavepl at e
466 by a polarizing beansplitter 470. In the preferred enbodi nent, the
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one of the four wedge shaped'qpenlngs 1115, as illustrated
by position 1305 in FIG. 13. In order to align the laser
spot with one of the four wedge shaped openings 1115, the
boresight algorithm commands the pair of Risley prisms Rl to

20 move the laser spot into different positions within a search
pattern 1310. Eventually, the laser spot will coincide with
one of the wedge shaped openings 1115, as illustrated by
position 1315. This will result in a detection by the laser
detector 1020. Next, the boresight algorithm commands the

25 Risley pair R1 to move the laser spot to the nearest radial
edge of the corresponding wedge shaped opening, as
illustrated by position 1320. Based upon the angle of the
radial edge, the boresight algorithm can determine the
direction in which the laser spot must move in order to

30 reach the 60 microradian hole at the center of the reticle
pattern 1100. In FIG. 13, the direction of movement of the
laser spot is illustrated by the laser spot positions 1320,
1325 and 1330 in sequence.

When the laser spot reaches the inner edge of the

35 corresponding wedge shaped opening, it will be approximately

500 microradians from the center of the reticle pattern
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assenbly 413, and the FSM 415. The pitch/yaw gi nbal assenbly 460,
the deroll assenbly 413, and the FSM 415 are all rmounted on a
passi vely isolated optical bed 490 that is . supported by the rol
ginbal . The isolated optical bed 490 _s&_attenuates high-frequency

vi brations and m nim zes structural bending (i.e., lowto md -
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for the FltFaweledstowaadpithsh/oenbey mflthe reticle along the. lower
edge of the wedge shaped opening 1350, such that when the
laser spot reached the inner edge of the wedge-shaped
15 opening 1350, it was located at a position 1405 as
_illustrated in FIG. 14A. Consequently, the rectangular grid
pattern illustrated in FIG. 14A will be used as a guide to
fine-tune the ‘alignment of the laser spot with respect to
... - the center.of the.reticle pattern 1100.- 3 B
20 | Before the Risley pair R1 moves the laser spot to each
of the grid pattern positions associated with, for example,
the grid pattern shown in FIG. 14A, the boresight algorithm
commands the polarization compensator 454 to attenuate the
amount of laser energy being transmitted into the BSM. The
25 laser energy is attenuated to'prevent the focused laser
enexgy from damaging the reticle and to adjust the energy
level so it lies in a range which is detectable by the laser
detector 1020. After attenuating the laser energy, the
Risley pair R1 then moves the laser spot to each grid
30 pattern position. The position corresponding to the maximum
laser energy detection, as detected by the laser detector
1020, will be identified as the best laser LOS boresight
alignment position.
. _ - The image 111um1nated on the focal plane array 480 is
35 then rotated 180 degrees, in accordance with block 1237.
This is accomplished by rotating the deroll prism 90




assenbly AP0O9781460 zes two separate servo notors (not shown) PCT/US97/06256
The roll ginbal and the deroll assenbly 413 provide LOS . poi nting
and inmage roll stabilization respectively. Mre specifically, the
derol| assenbly 413 provides fine roll 30 stabilization and hori zontal
stabilization for the FLIR | mage as the systemrotates about the
roll axis and/or the ginbal assenbly r ot es about the pitch axis. Inage
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pattern 1100, the alignment of the laser LOS to the 60
microradian hole results in a precise alignment between the
FLIR LOS and the laser 1,OS. The laser LOS to FLIR LOS
boresight algorithm described above is accurate to within 42

15 microradians with a laser beam divergence of 120
microradians or less. _

‘Finally, the LRR 462 and the LST 464 are aligned in
accordance with blocks 1240 and 1245 respectively. To align
‘the LRR 462 and the LST 464, the laser transmitter 450 is

20 turned off and the laser diode 1030 is turned on. The laser
energy emitted by the laser diode 1030 is transmitted
through the 60 microradian hole located at the center of the
reticle pattern 1100. The energy from the laser diode 1030
then passes along the laser optical path, and into the COA

25 456. The COA 456 then directs the laser energy into the LRR
462. The LRR LOS is aligned by rotating the pair of Risley
prisms 466. - The COA 456 then directs the laser energy into
the LST 464 and the LST LOS is similarly aligned.

In an alternative embodiment, as illustrated in FIG.

30 15, the electro-optical subsystem employs a combined LST/LRR
assembly 1505. When the LST and the LRR are part of one
combined unit, there is no longer any need to alternately
direct laser return energy into the LRR and the LST.

U

Therefore, in the alternative embodiment the COA 456 is
35 greatly simplified. More specifically, LRR/LST switch 466,
BSC 472, and two mirrors are removed thereby reducing the
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feedback is provided by a set of position probes 925 and a position
probe el ectronics assenbly 930. . The LCS control sensors 720
provide digital information to the LOS control software residing in the
LGS control, processor 730. The LOS copyrol processor generates LOS 20
control signals to control both the FLIR LOS and the | aser LOS. The LOS
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optical |y cBRFEMPY 5. ¢ STt S RFEERBAPLYs & -#63Yand, al ong
wth a10 photYBethdi4hsfd device, wherein each cell outputs an
PCT/ US97/ 06 . . . -2ly . bor esi ght
control al g%rilgf ﬁﬁ]lclas?' Fs s af%rl% ?agnFlﬁﬁoPﬁlél 1605d eac?x being .
o proportional to the amount of laser energy illuminating the
corresponding cell. Quad-cell LSTs are generally well known
by those of ordinary skill in the art. The LRR 1610 is a
15 pin diode positioned directly in the center of the guad-cell
device, at the intersection of two high-impedance buffer
. regions 1615a and 1615b, which electrically isolate the
-quad-cells from each other. The LST quad cell with the
... _integrated LRR pin diode are housed within-a hybrid. Pre-~
20 and post-amplification circuitry for both the LST and LRR
.sensors are co-located within this hybrid.

SEGMENTED WINDOW & EMI GRID
.- In a preferred embodiment, the opto-electric subsystem
25 described above is housed inside a pod assembly, the forward
portion of which (i.e., the shroud) is illustrated in FIG.
17. The pod assembly is connected to the host platform.
For example, the pod assembly may be suspended from a pylon
on the wing of a tactical aircraft such as an F-15, F-16, or
30 an F-18. While the shroud assembly physically protects the
opto-electronic equipment described above, laser energy and
IR energy pass into and out of the shroud assembly through a
segmented window 1705.
. | The window has four segments or panels, 1705a through
35 1705d. The segments are designed to optimize the aero-
optical performance of the system. For example, these
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of sight include the FLIR NFOV LGS, the FLIR WFOV LCS, the | aser
transmtter LOS, the LRR LOS, and the 5 LST LGS, FIG 10 shows
the BM 474 in greater detail. The BM - 474, which is contained inside a
housi ng 476, includes an aperture w_ndow 1005 through which IR and

| aser enérgy pass. The BM 474 al so "@8Ttains a Cassegrain optical
system 10 incl ud| n ry.and a_set of secondar rrors 006 and
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example, "Cleartran" (multi-spectral 2ZnS) is commonly used
for this purpose. While exhibiting good multispectral
characteristics, it is not very durable. In contrast,
sapphire is - very durable and it exhibits good transmissivity .

20 characteristics in the midwave range (i.e., ~3-4.5 micromns).
Therefore, in a preferred embodiment, sapphire is used for
the substrate material.

Each of the aforementioned panels also contain an EMI

grid; In general, the EMI grid reduces the exposure of the

25 sensor and the sensor electronics to large EM fields which
may be present in an operational environment. For example,
the EMI grid may be used to minimize or eliminate EM energy
effects on the system electronics (e.g., the IMU, FLIR
analog electronics, FSM probes), which are susceptible to

30 this type of radiation, emanating from sources (i.e., radar)
located on the host platform (e.g., F-16, F-18). The grid
may also minimize EM energy from the electronics located
within the pod assembly which could adversely effect
electronics located on the host platform.

35 In general, EMI grids are well known to those of skill
in the art. However, prior EMI grids employ square or polar
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(LED). ' The reticle 1010 contains a reticle pattern 1100, as
illustrated in FIG 11. The reticle pattern 1100, includes 5 a nunber of
unusual | y shaped openi ngs, through which either | aser or IR energy pass
during the various LOS alignnent proggsses. As shown in FIG 11, the
vari ous openings are symmetrically arranged around a 1064 m croradi an

circular (comR@rid) pdecesry, C%Qéeoﬁr&brSEMIr guid pad@ic¥hds a 60 10
m croradi an hole, which is é#bi# §ent reticle

ggnh&a of, the
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respect to c c n r i openi ng
1105e is useg;efo8 roﬁ%ﬁnﬁ?%l |%¢|& 8 ﬁe I{%LER%E%E ﬁ%ﬁgteh 0 respect to
the FLIR féddushrated ang is unaccep leeticle pattern 1100 al so has a

nunber of ch@ﬁ@fﬁé@f&fe&eemrﬁeﬁt;tléﬁ Eﬁuegehacbatl&@&rrﬁ l'i ke

openings are used .,in conjunction_w {h ecj, al nal cessi ng
DT tviare. PRRPEAGHARR AR 34X, F ‘SHHEFER o Pnerpioxpa. aguid Jst nakag +
the FUIR i page @9.or Thid (EMFldRid. pattern conducts or diffracts stray

light energy radially, rather than along specific axes, thus
reducing or eliminating unwanted light energy artifacts on
the FLIR image. In the arrangement of FIG. 19, each circle
preferably has a line width of 5 micrometers and a diameter
15 of 320 micrometers. The repetition offset (i.e., the
distance between the center of two adjacent circles) is 315
micrometers where there is a 100 percent overlap of the
circular lines at the circle tangent points. '
_ The specific EMI-grid dimensions described-above " -
20 represent but one exemplary embodiment of the EMI grid.
Those of ordinary skill in the art will appreciate that
other dimensions may be employed without exceeding the
intended scope of the EMI grid pattern described above.
The EMI grid of the present invention is attached to
25 the segmented window panels in much the same way as in the
prior art. Pirst, three metal layers are applied to the
window: an inner adhesion layer, a middle conduction layer,
and an outer protection layer. Different metals may be used
for each layer; however, chrome is typically used for the
30 inner layer, gold for the middle layer, and titanium for the
outer layer. A "mask" is placed over the window material,
and then exposed to ultraviolet light. The ultraviolet
light removes the metal layers from those areas not
. protected by the mask. When the mask is removed, the EMI
35 grid is affixed to the window. '
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specifically used for focusing the WFOV FLIR i mage, while the smaller
checkerboard-Iike openings are used for focusi ng the NFOV FLIR i mage.
The signal processing 30 software which utilizes the checkerboard-|ike
openi ngs w || be described in nore detail bel ow Finally, the
[ﬁth|? pattFrn ﬁloodcontains four wedde shaped openings 1115. Unli ke
e octagonal _shaped openings descri bed above, the wedge shaped
openlngégﬂEWB BPEATEINer 35 energy fromthe |aser transnit?er 458 to pass

through the fThe &EBééeko-dptlcsusubgysten asmptidiala gnueberpoficedur e.

WO 97141460 | . 93/-06258
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in the Réfvo sydeemitor Adsol dnclssted|is 42 three sphaseanbrushiess ks
1220 motor, PWM amplifier servo system (i.e., the roll servo
system). Further included are several single-phase motor,
linear amplifier servo systems (i.e., the various laser and
15 FLIR focusing assembly servo systems, the thermal reference
servo system, the FSM servo system, the risley prism serxrvo
systéms, the yaw servo system, and the control, iniet, and
exit airflow servo systems). - |

" In order to detect the existence of fault conditions in

20 any one of the above-identified servo systems, the present
invention provides a fault isolation capability that can
determine whether the fault conditions have occurred in the
amplifier portibn of a given servo system or in the motor
portion of the given servo system. By isolating a fault to

25 the amplifier portion or the motor portion of the givén
servo system, the need to remove and/or replace the entire
servo system is avoided. Instead, only the amplifier or
motof portion containing the fault condition need be removed
and/or replaced. Prior art has required test loads and a

30 means for switching the loads in and out of circuit. This
technique does not require test loads. '

FIG. 20 is a diagram of a dual-phase, brushless DC
motor, PWM amplifier servo system circuit 2000. Under
ordinary conditions, the circuit 2000 controls the

15 commutation of the current through the windings of the dual-
phase motor M, which in turn control the rotation of the
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the NFOV and the WFOV FLIR i nages are focused, I n accordance with

bl ock 1230. The FLIR LOS is aligned with the center of the focal plane
array 480 using the IR/ visible | ight source 1015, the reticle pattern.
..1100 and, .nore 20 specifically, the-octgganal shaped openings 1105a-e in

t he reticle pattern 1100 as descri bed above. The FLIR LGS al i gnnment
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Then, with _the pitch agnd m/servos hol # g posi tions e signha
processi ngSFe¥ei fEFanSIPL in each,gmpiifiggowit the lower drive
PCT/ U397/ Of2afisistor located on the other side of thd4same amrﬁitieﬁervo

use L1 YLEhR Pl S Gl A L85kt scor? b GHY Bt Blirea
-with transistor T4, and transistor T2 will be paired with
transistor T3. Similarly, in amplifier B, transistor Ti
will be paired with transistor T4 and transistor T2 will be
15 paired with transistor T3. Then, by alternately activating
each pair of drive transistors (a technique known as
complimentary :switching), first in amplifier A and then in
. amplifier B, the dual-phase motor, PWM amplifier servo
... 8ystem .circuit. 2000 can maintain a constant torque on the
20 shaft of motor M. '

The dual-phase motor, PWM amplifier servo system
circuit 2000 also includes a control circuit 2005. The
control circuit 2005 specifically controls the timing of the
complementary switching process (i.e., when each drive

25 transistor pair is activated) to control load current uslng
a standard feedback configuration. In the present
invention, the control circuit 2005 is impiemented with a
field programmable gate array (FPGA); however, one skilled
in the art will readily understand that the control circuit

30 2005 can be implemented using other forms of logic without
departing from the spirit of the invention.

In addition, each amplifier A and B, in the dual-phase
motor, PWM amplifier servo system circuit 2000, contains two

- upper current sensing resistors Rl and R2. The upper

35 current sensing resistors Rl and R2 monltor the amount of

current flowing through the upper drive transistors T1 and




openi ng IWODa41460 performa rol | alignment of the reticle PCT/USO656 1100
wWth respect to the focal plane array 480, thus 5 conpleting the alignnent

of the FLIR LOS to the BSM Once the FLIR LOS is aligned, the
| aser LOS is aligned as illustrated by block 1235. To align the | aser
LGS, the |l aser transmtter 450 begins generating a cont| nuous stream
of pulses at a nomnal rate of 20 Hz. 732 expl al ned above, the | aser
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retlcle|xn1nnuntry 2005 activates a pair of drive transistors, for
example T1 and T4 in amplifier A. The control circuitry
2005"will then deactivate this drive transistor pair and, in
turn, activate and deactivate each of the other drive

20 transistor pairs: T2 and T3 in amplifier A, Tl and T4 in
amplifier B, and T2 and T3 in amplifier B. Under normal
operating conditions (i.e., when there is no fault condition
present), the activation of each drive transistor pair will
cause a specific amount of current to flow through the

25 corresponding upper current sensing resistor Rl or R2,
through the corresponding upper drive transistor Tl or T2,
through the corresponding servo motor winding, through the
corresponding lower drive transistor T3 or T4, and
eventually through the lower current sensing resistor Ro.

30 If, in fact, there are no fault conditions present, a known
voltage drop will always develop across the upper current
sensing resistor Rl or R2 and across the lower current
sensing reéistor Ro. However, if a fault condition does
exist, the amount of current flowing through the upper

35 current sensing resistor Rl or R2, and/or across the lower
current sensing resistor Ro will be significantly affected.
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- 25- 1100. The boresight algorithmthen commands the Risley pair

Rl to nove the | aser spot to a nunber of grid positions in accor dance
wi th one of a nunber of possible rectangular grid "patterns, as
illustrated in FIGS. 14A through 14F, whggein 5 each rectangular grid
pattern enconpasses a portion of the 064 m croradian circular region
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e ver cent er.. art]cul ar pattérn used wi |
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nove the | aa8h-sSRQY dcViBratéds @Rétﬂblmbwﬁ.h? single! pdligtp@audtn 1100. In

t he exanpl € ahqve, the |aser trave th nter of the
reticle al GREGEERRSTED n be eﬁ%%i%'Fe‘liheaﬁeﬁézq }i’&p\,\%s é‘%eﬁg

t hat when aheaa.l Bl : mmoraaﬁmﬂnghshomecmmﬁtof ntdtemmdgﬁ:a&mped 15
openi ng 1350 was d.0C p o] FI G
14A. COnseaggHtl %Wﬁ??g% ngu a gﬁ#%k gl}éggFérwoFFFLstr§P¢? éké#ka 14A
will be uséd-gromnﬁuckmplnflerfopentqmecuhe alignnment of the |aser spot

with respect tog palr Fgé?”aﬁ efl&&%ﬁgft ﬁﬁ&bﬁ' aegatctt%r '%h%l%ep%o of the

Before the RIS|§§1 noves t aser
pattern poSualoPhass RIEA%Rd W’ﬂl“ﬁml’%%féﬁﬁnﬁﬁélt isolps ign dPr;ﬁ?ﬁqsesran J§hom

in Fl @p 144ccohaiie swilh a’ﬂﬁ@éféfﬁéd emaamaﬁ& ofe the! e%%tﬁton
comensatoy Eot Lo ot e L QIR beCL O
focused | agens initiates the  process by dlsabllng the complementary
switchihg as illustrated by block 2101. Once the
complementary switching has been disabled, the control
15 circuit 2005 is free to activate and deactivate the drive
transistor pairs for the purpose of fault isolation.

After the complementary switching has been disabled,
the control ¢ircuit 2005 génerates a positive current
command .+I, as-illustrated by block 2105. The positive

20 current command activates the transistor pair comprising
drive transistors Tl and T4. The control circuit 2005 then
determines whether the magnitude of the current flowing
through the upper current sensing resistor Rl is normal orx
whether it exceeds a normal amount, i.e., whether it exceeds

25 a predetermined threshold value, as illustrated by decision
block 2110. If the magnitude of the current flowing through
the upper current sensing resistor Rl is excessive, in
accordance with the "YES" path out of decision block 2110,

_ the control circuit 2005 determines whether the magnitude of

30 the current flowing through the lower current sensing
resistor RO is equal to zero, as illustrated by decision
block 2112. If the current flowing through the lower
current sensing resistor RO is equal to zero, in accordance

- with the "YES" path out of decision block 2112, the control

35 circuit 2005 will generate an amplifier SHUTDOWN command, as

illustrated in block 2113. Since the control circuit 2005
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lies in a range which is detectable by the |aser detector 1020. After
attenuating the | aser energy, the Risley pair Rl then noves the |aser
spot to each grid 30 pattern position. The position corresponding to the
maxi-nmum | aser .energy. detection, as detected by the |aser detector

1020, wll" be identified as the best | ase}41.0S bor esi ght al i gnnment

posi tion. nmage m nated on the focal plape arra 480 is 35
Phen r ot at (3 E8EMHBER0ERE HRCHIS, RS TeTh T dof 4955, Che FRpLt

acconpl i shegohgitobat igg identdficdd gy ismdbr wlndlng\&ﬁaféiéscground,
PCT/'US97/ 06256, The

FLIR LCS al Ponibhbshrassd oy Biash A 1o If “b?o%%tﬁ%%ocl’éﬁ‘gg{:ﬁgapéser |
LGS allgnnedetprmiaésrthat thec condreny: tHldwind t2B86ughr ehe hboweepeat ed. By

3
Db gnaant CurFEHE  pRPIERY it by XY SR badRDoto | DERAT A 8LESE Qb
fact the IFWe‘ﬁbrg?eaﬂH "h@altélsé?uteweﬁ Feaisianr kledly 2112paeentre) logic

different opgpsalyiRal hevertheless éHé%é&Eféﬁ?éﬁﬁiﬂfl@@séﬁﬁTbbﬁgggPlgggd

70 around FRTBBEAY (A, SPHIAE Y Rl S5t HeWPERTcl 3t L8 BRERer n
1100, the ahh@etepinined whdtdmeer tHeS faultheediiitioni cavsdngatheol e results
i 2 pygoi se ablonment Del\eel i rent RARNGE HY (fSeL235EE The
sensing resistor Rl is due to a short circuit in the motorx
winding or a short circuit in the amplifier. Therefore,. the
control circuit then generates a negative current command-I,
as illustrated by block 2120, which activates the transistor
15 pair comprising drive transistors T2 and T3. The control
circuit 2005 now determines whether the magnitude of the
‘current flowing through the upper current sensing resistor
R2 is excessive, . i.e., whether it exceeds the predetermined
threshold, as illustrated by decision block 2125. 1If the
20 amount of current flowing through the upper current sensing
resistor R2 does exceed the threshold wvalue, in accordance
with the "YES" path out of decision block 2125, the control
circuit 2005 will, once again, generate an amplifier
SHUTDOWN command, as illustrated by block 2130. Since an
25 excessive amount of current is drawn through both upper
current resistors Rl and R2, the fault condition is
identified as a servo motor winding short circuit, as
illustrated by step 2135. 1If, however, the magnitude of the
current flowing through the.upper current sensing resistor
30 R2 does not exceed the predetermined threshold value, in
accordance with the *NO* path out of decision block 2125,
i.e., if only one of the upper current sensing resistors
draws an excessive amount of curxent, the fault condition is
identified as an amplifier short circuit, as illustrated by
35 step 2140.
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m croradians with a | aser beam di vergence of 120 m cror adi ans or |ess.
Finally, the LRR 462 and the LST 464 are aligned in accordance with

bl ocks 1240 and 1245 respectively. To align the LRR 462 and the LST
464, the |aser transmtter 450 is 20 twgsned off and the | aser diode 1030
Is turned on. The |aser energy emtted by the |aser diode 1030 is
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th ticl tt 00. T f t he | 1030 . th

basses al GAGCPFE %aszk“&ép %am@%,e“%s% B 8 d 560 S 80°a0300 pept IO

Lhen ?i{ectﬁathEheamagPQMaﬁgyafnthetheﬁﬂ@ht floﬂihg'ﬂhxdﬁﬁhLﬁﬁeluppbmgn?ﬂ
rotati a [a | . e

Phser: oner gyt Peph bbnSing Yeplorer Ry W18 it efifaddtil bl it
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When t he are_part of one |ne unit, E ere is no

| onger any h%eﬁa981§P@§rﬁ§t§pF CurrGPFe@@quﬂﬁ QHQh V@¥o the LRR
and the L3JdurrentTBenhelioge relsistbe Rot qrsn@q\_me. Qraocxam,ntaé hel Cele #aeelas 35

greatly sinplified, M egificall RR/LST MA BSC 472, and
two mi rror&a‘?ﬁ ?‘gﬁﬁ%%ﬁ‘f’ﬁ%r éﬂ‘f}sred&é kget H@gm. uce %6"3177 Ykt )
PCT/ UB07/ 0BR6¥ing through the lower current sensing Zesistor cdopbexity of
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negative. current command ~-I, as illustrated by block 2150,

and determines whether the magnitude of the current flowing
through the upper current sensing resistor R2 exceeds the

15 predetermined threshold value, as illustrated by decision

- block 2155. If the magnitude of the current flowing through

the uppexr current sensing resistor R2 exceeds the
predetermined threshold value, in accordance with the "YES®

. path out. of decision block 2155,rthe control circuit 2005

20 will generate an amplifier SHUTDOWN command, as illustrated
by block 2160. Since an excessive amount of current was
detected through only one of the upper current sensing
resistors, i.e., R2, the fault condition is identified as an
amplifiexr short circuit, as illustrated by step 2165.

25 If, however, the magnitude of the current flowing
through the upper current sensing resistor R2 does not
exceed the predetermined threshold value, in accordance with
the "NO" path out of decision block 2155, the control
circuit 2005 will determine whether the magnitude of the

30 current flowing through the lower current sensing resistor
is equal to zero, as illustrated by decision block 2170. 1If
the current flowing through the lower current sensing
resistor Ro does equal zero, i.e., both Rl and R2 drawing
normal amounts of current and Ro drawing no current when T1

35 and T4 are activated and when T2 and T3 are activated, the
fault condition will be identified as a motor winding open
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and 161sb, | | €T L LSal dxtégr' 5 her .
The LS qu%:%gwgfh&?ﬁgleme lal|§1%t gg‘raate ll_nlgR %I;&élfgggéa%éggosgég \?\:1 thin a
hybrid. PRndPt axe pesivakpl.f the ifavld cendigyienr igoidenkifiesd a%d LRR
SENsors ar et CatywTaf £8rVbplhn clilkca ity bdsl 111 ust r SEEYEDFER ¥HNDPELE& EM

GRI D I eferred odi nent, }he to-electric bsystem 25
descri bed aboven¥€' h BgﬁﬁansEgg H‘Iaﬁad' rﬁf&'h? h‘éu:FBF%QEr §E°W¥'n§ort i on of

whi ch (i.e.thidwglshthed)oweri currentt etrigirdd Gesistd®. Réhdopsdnagsedial i S
connecjged to the host plakform . EQr g l.e..d he pod_agsenbl b
suspended A a Jp’gl %ﬁgog&agﬁet H’é’tﬁi ﬁg‘eof taﬁ?“r}ia‘?ugi $£r§§F1§ﬁ§ﬂn§§°§ﬁ(
F-15, F-16,21%53chancéntgel whircuith09% eid hsgpendtratehgsheghkiver ot ect s
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per f or{rgncetr?é t;[tar\]genas.t\{ﬁég mongixee)é%@e%’t L eosweing through the upper
current sensing resistor R2 exceeds the predetermined
threshold, as illustrated by decision block 2120. If the
magnitude of the current flowing through the upper current
sensing resistor R2 exceeds the threshold, in accordance

20 with the "YES" path out of decision block 2190, i.e., an
excessive amount of current is flowing through only one of
the upper current sensing resistors, the control circuit
2005 generates an amplifier SHUTDOWN command, as illustrated
by block 2160, and the fault condition is identified as an

'25 amplifier short circuit, as illustrated by step 2165.

If, however, the magnitude of the current flowing
through the upper current sensing resistor R2 does not
exceed the predetermined threshold, in accordance with the
"NO® path out of decision block 2190, the control circuit

30 2005 determines whether the magnitude of the current flowing
through the lower current sensing resistor Ro is equal to
zero, as illustrated by decision block 2195. If the
magnitude of the current flowing through the lower current
sensing resistor Ro is equal to zero, in accordance with the

35 "YES" path out of decision block 2195, i.e., Rl and R2 are
drawing a normal amount of current and the amount of current
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- 28- segnents or panels reduce or prevent energy fromreflecting

back into the opto-el ectronic sensor described above. Al so, t he panel s
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m ssion. critical pitch angles of 5 0 apg20[err] at 20,000 AG..
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o e, At e o e YR AF Y FELSR' rBBeBY esciildh dfodeSetashl®
- to but one phase of the dual-phase motor, PWM amplifiex
servo system, the aforementioned fault isolation process can
be repeated for the second phase (i.e., to isolate faults
15 between the second phase of the motor and the second
amplifier). 1In fact, the aforementioned process can be
repeated as many times as there are phases, in the case
where three or more phase servo system is being empioyed.
. Table I summarizes -the dual-phase, -PWM amplifier fault = =
20 isolation process, in accordance with a preferred embodiment

of the present invention.

AMPLIFIER SHORT
25 SHUTDOWN AMPLIFIER SHORT
SHUTDOWN SHUTDOWN MOTOR WINDING SHORT
i NO CURRENT AT Ro AMPLIFIER OPEN CIRCUIT |
! NO CURRENT AT Ro | AMPLIFIER OPEN CIRCUIT
' NO CURRENT AT ‘J
30

TABLE I

FIG. 22 is a diagram of a three-phase motor, PWM
. amplifier servo system circuit 2200. The three-phase motor,
35 PWM amplifier servo system circuit 2200 employs a PWM
amplifier which has a phase driver A, comprising an upper
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following drlve transistor pairs: T1 and TS5, T1 and T6, T2
and T6, T2 and T4, T3 and T4, and T3 and T5. As one skilled
in the art will readily understand, the activation of the
above-identified drive transistor pairs controls the current

15 through each of the three windings M,, M; and M. of three-
phase motor M. By appropriately activating each of the
above-identified drive transistor pairs, control logic 2205
can maintain a constant torque on the shaft of the three-
phase motor M. - :

20 Control logic 2205 is controlled by software in a
preferred embodiment of the present invention. Accordingly,
control logic 2205 receives, from the software, a sequence
of commutation codes, also referred to as Hall or phase
encoder feedback codes by those of skill in the art. Each

25 Hall code causes the control logic 2205 to activate the
appropriate drive transistor control lines 1, . . . 6. For
example, the Hall code responsible for activating the
transistor pair comprising drive transistors Tl and T5 will
force control logic 2205 to activate transistor control

30 lines 1 and 5 regardless of the actual position of the
motor’s shaft.

Like the dual-phase motor, PWM amplifier sexrvo fault
isolation process described above, the three-phase motor,
PWM amplifier servo fault isolation process, in accordance

35 with the present invention, utilizes the existing servo

system circuit 2200 hardware for fault isolation purposes.
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PCT/ US®7/ Ofdter, PWM amplifier servo system fault i3dlation pidcess

!SCLATICN can isolate the following single point fault conditions:
motor winding open, motor winding shorted line-to-line,
motor winding shorted line-to-ground, amplifier drive
tranéistor open, amplifier drive transistor shorted;

15 amplifier output bond wire open.

FIGS. 23A and 23B are flowcharts which illustrate the
detailed steps of the three-phase motor, PWM amplifier fault
isolation process, in accordance with a preferred embodiment

of the present invention. In accordance with FIG. 23A, the

20 contrel logic 2205 begins by overriding the Hall codes which

_ are otherwise used to control the commutation of the current
through the motor windings, and by generating a Hall code
corresponding to a desired drive transistor pair (e.g., the
upper drive transistor Tl and the lower drive transistor

25 T5), as illustrated by block 2305. The Hall code will, in’
turn, cause the control logic 2205 to activate the
appropriate transistor control lines corresponding to the
desired drive transistor pair (e.g., transistor control
lineg 1 and 5), as illustrated by block 2310.

30 Next, control logic 2205 must determine whether the
magnitude of the current flowing through the corresponding
upper current sensing resistor (e.g., the current I,, I, or
I through upper current sensing resistors R,, R, or R.
respectively) exceeds a predetermined threshold T, as

35 illustrated in decision block 2315, wherein threshold T
represents what would otherwise be an excessive amount of
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not or M vhthe:kﬂrﬂvéutnamﬁist@lr pad yr cdestuldns dfn tsheNO CURRENT condition,
' in accordance with the "YES" path out decision block 2325,
the control logic 2205 will set the appropriate status
flags, as illustrated by block 2330.

20 The next step is to determine whether all six of the
aforementioned drive transistor pairs have been activated,
as illustrated by decision block 2335. If all six drive
transistor pairs have not been activated, in accordance with
the "NO" path out of decision block 2335, the control logic

25 2205 will generate a different Hall code so as to activate
the next desired drive transistor pair. Once all six drive
transistor pairs have been activated, in accordance with the
"YES" path out of decision block 2335, the status flags
contain all of the information necessary to isolate the

30 fault conditions as described below.

After all six drive transistor pairs have been
activated, the status flags may indicate that an amplifier
SHUTDOWN occurred when two of the drive transistor pairs
were activated, and that the two affected drive transistor

35 pairs included the same upper or the same lower drive
transistor, as illustrated by decision block 2340. For
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- 31- not or shaft. More particularly, the dual -phase, brushless DC
notor, PWM anplifier servo systemcircuit 2000 conprises two PWM
anplifiers A and B. Each of these anplifiers A and B has two upper
drive transistors Tl and T2, and two loweg;_5 drive transistors T3 and T4.
To conmmutate the current t hrough the notor w ndings thus causing the

shaft of the ual t t flshdel esbdm g art wil |
readily undg?‘sf“gr]f% tﬁg@%%ipnﬁ%ééiﬁéf ﬁégfrﬂtage '

er d
t ransi st or s transdgtoyrmRaiy GONREILINGD q‘%%\?ég EIF?‘F@"?%IO %iaﬁ%l'yfbcat ed

on the ot heiﬂx '1%91:% td&:&@&ﬁf&&iéwf pair hay wasepbeen rthemplifier A
transi st or

paired . an5|s T2 will
be paired thnsmttqra,p;}lg{ d?°“’l%rls§rr?ﬁl Ftye F’ﬁag 5 t%%%rt{él %ansﬁstor T1
wi |l be gai %@fé_ﬁ:}f‘ Botidsive thhreistonnpairer inzlwde uppedS dme ed with
transi stor en, ernat e iyat ing ch ve
transi st or s SEANEISRAY %%ﬁ) dbd é%%?r%? ir}\entéltr?E t%%t(ﬁ%adng% Jf é in
anplifier Aisddlcaven that thmrpd:cptidieti@l hae §G§Illr|§1¢a3ee ifptasgCordn

anplifier m 0, NAl A t on
The 20 “Shafitl the WP HALE it b dﬁiﬂ?gﬁgs?dﬁ"éf““ %rreplf&fllwe
servo systemondlﬁiqu‘emltllzchﬁ) Jeﬂ‘%’bﬁ-%k?‘éd%g anc§ &% qzqzzdb’src‘ﬁ'é

controlygir gy tn%%ﬁ:ﬁafé‘dfiﬁabidcleomams Mbeet isPord fifcdlley, the fault

Conplenenta&éé?géfggrgkégé§§%$1fi 1dént1gy gﬁghdgab%Ftran51stor causing
the fault condition, for example, drive transistor Tl in the
example above.

1f, however, the status flags do not indicate that this

15 condition has occurred, in accordance with the "NO® path out
of decision block 2340, the status flags may instead
indicate that SHUTDOWN occurred when two drive transistor
pairs weré activated, and that the same two phase drivers

. were involved in both instances, as-illustrated by decision

20 block 2350. For example, the status flags may indicate that
SHUTDOWN occurred during the activation of the transistor
pair comprising drive transistors T1 and T5 and that
SHUTDOWN occurred during the activation of the transistor
pair comprising drive transistors T2 and T4. 1In this

25 example, only phase drivers A and B are affected. If the
status flags indicate that this condition has occurred, in
accordance with the "YES" path out of decision block 2350,
the fault will be identified as a motor winding short
circuit, as illustrated by block 2355. More particularly,

30 the fault isolation process will identify the motor winding .
causing the fault condition, such as motor winding M,-M; in
the example above.

If the status flags do not indicate that the condition

identified in decision block 2350 exists, as illustrated by

35 the "NO" path out of decision block 2350, the status flags
may indicate that SHUTDOWN occurred when four drive
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standard feedback configuration. In the present I nvention, the control
circuit 2005 is inplenented with a field programmabl e gate array
(FPGA); however, one skilled inthe art will readily understand that
the control circuit 30 2005 can be I mpl enent ed using other fornms of logic
w t hout departing fromthe splrlt 0F4ﬁhe I nventi on. I n

ddi t h | if A _and B,

anil}?gr SS%VH§£$§+5hﬁ%???ﬁgFrfoéﬁ _%ﬁj 4&&? ereﬁ%p%ifcﬁpPEnt sensi ng
resistors RIffectdeR. dfbeeupransaéto&uyaﬁms s:ﬂnm]nga r&sesines Phasad R2

moni tor e AMpUNt of 51 1uQUCLERL GLOWA JAGPIILANS580°" Hhk Exampie,

transi stor
PCT/ US97/ 08386 status flags may indicate that SHUTDQO®N occur¥eéd during

respectgvelphe FiEd L @RER, oEaEBea'EEJa&ﬂcél"srtd% Laf{r%h% co rgP{n‘éf‘x‘rzgsdi‘ i guer

current sensing resi st or . | ower nt se sistor Ro is

utilized f&Fﬁﬁﬁﬂ?%ﬁ?ﬁgTihénd Tseuﬂﬂeﬁpdﬂﬂﬁmr%?tﬂﬁénﬁﬁ the audel4dri ¥8
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motor winding-to-ground short circuit, as illustrated by
block 2365. More specifically, the fault isolation process
will identify the phase driver causing the fault condition,
15 such as phase driver A in the example above.

If the status flags do not indicate that the condition
identified in decision block 2360 exists, in.accordance with
the "NO" path out of decision block 2360, the status flags
may indicate that a NO CURRENT condition occurred during the

20 activation of two drive transistor pairs, and wherein the
two affected drive transistor pairs involve the same upper
or the same lower drive transistor, as illustrated by
decision block 2370. For example, the status flags may
indicate that a NO CURRENT condition occurred during the

25 activation of the transistor pair comprising drive
transistors Tl and TS5 and during the activation of the
transistor pair comprising drive transistors Tl and T6. In
this example, both of the affected drive transistor pairs
involve upper drive transistor Tl. If the status flags

30 indicate that this condition has occurred, in accordance
with the "YES" path out of decision block 2370, the fault
condition will be identified as an amplifier open circuit,
‘as illustrated by block 2375. More specifically, the fault
isolation process can identify the drive transistor causing

35 the fault condition, such as drive transistor Tl in the

- example above.
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In general , WOE4HHE? - phase, PWM anplifier servo system fallt v eg gﬁ‘on_

process works as follows. Conplinmentary 15 swtching of transistor pairs
i s disabled. The control circuitry 2005 activates a pair of drive
transistors, for exanple Tl and T4 in anmplifier A The control
circuitry 2005 w Il then deactivate tlysp-drive transistor pair and, in

turn, activate and deactivate each of the other drive 20 transistor pairs:
T2 and T3 in anplifigheAstitudnE1kgd Mo notnphditateBthabdthe aotdition

Faul t condi HARRELE BlosenaRCiTRETR IR | i bf SBLeheur M FPRRSRRCE "Bt
wil caugfe anspecphth sumurif deciizicmtblack| 2970 hr thghstheuss flags
o eebon i i SHFRE Rl 0 CORUBIF o 08166, ocons HBEOUUEITE che
correspoRdi ngetskvapiont of fiowdi iy ivenrtxansiskor paises eapdnuhegeisvall
sensing resi St 405, tippRiatar, g AL ES 8 uH0nk0R LRYSE Beiver.
present, a lmmrexampleel thge shdpavilags gy RJIirapeathatsa O GHRRENT
current cHEdBE 8n' BelctkrPedRFiny’ el D6t Deatibh bEVEriver teRinsistor
sensing resistor Ro. However, if a fault condit{ign dges exi st, .the
anount of cUR3ERe W—oﬂpﬁngshr&rﬂgl‘Fr’c‘%équpp%? %‘3‘5 ﬁﬁrr'ﬁt apd, Tty &é’sitts"t"(ﬁ R1
or R2, pgd/ Qéxa?kﬁ%spé$ phaseo@iver A G reswmsensongllesoarodrRyeni || be
E,IC%]-?USIQ‘;?B%'Z% a&sggggg' pairs. I\éot%u?é 4s%a69us flags g'.gg:icate that this
condition has occurred, in accordance with the "YES" path
out of decision block 2380, the fault condition will be
identified as a motor winding open circuit, as illustrated
15 by block 2385. More specifically, the fault isolation
process can identify the motor winding that is causing the
fault condition, such as motor winding M, in the example
- above. o
Lo ... If the status flags do not indicate that the condition : -+
20 identified in decision block 2380 exists, in accordance with
the "NO" path out of decision block 2380, the fault
isolation process will indicate that no single point fault
condition has been isolated, as illustrated by block 2390.
Table II summarizes the three-phase motor, PWM
25 amplifier fault isolation process, in accordance with a
preferred embodiment of the present invention, wherein "sSD"
signifies a SHUTDOWN, and "NC" signifies a NO CURRENT
condition. It is important to note that the three-phase
motor, PWM amplifier servo system circuit 2200 is connected
30 in a "WYE" configuration. However, one skilled in the art
will readily understand that a similar fault isolation
process can be implemented for a "DELTA" connected, three-
phase motor, PWM amplifier servo control circuit, and same
is considered to be within the spirit of the present
35 invention.




By nonit OWOR7/4846@ anount of current flowi ng through these PCT/USIZNE256rs as
each of the above-identified drive transistor ~ pairs is activated, the
followi ng single point fault conditions can be isolated, as will be
described in greater 5 detail below notor w nding short circuit, notor
wi ndi ng open circuit, anplifier short circuit, notor w nding short-
to-ground, anplifier open circuit. -44- G 21 is a flowhart which
depicts the steps of the dual - phase motor, PWM anplifier fault

i sol ation process in 10 accordance with a pref erred errbodl ment of t he

present ,

2005 initjaf h&"chr g 8 switching as
illustratid by bl ock J2101. §nce | tshe com& qrmptp;;)r y;;@wgbchl ng has been
di sabl ed,fTne cpntroll I5 fircujt 2005 1S [ree to activate and deacrrvare
the drivel-=2 Rs-i-sjter Bt~ St o—pur b SL AU B BHQRTER ) o1 | oy

After & he pnent dry swW t chi hg hag dpeen| ds s@akb ea}, sHoRTEDhe cont r ol
circuit 205 geherat ¢ ppsitiye curfrent n as IllTustrated b
bl ock 2101 HHre—post Lsleic L%b cuTTentco™m II:?.I é@grg\?a?;édgq?ﬂc -2 S=S+oF pCu
conpri si ng 18P\ e 1t§0ans) st or 1_dnd T4 TTHAME (it EBIRTEP | cyji t 2005 t hen )
det erm nef whet her tHepraghi t udé ggf tlhe cuf ¢2namb | OWsikrep t hrough the
upper curfent sSgnsing restpror RL 15 [nhorne) _or VWNET NMEr T T EXCEeUS d
nor mal anp8R i R

i i Sy et i nunﬁeds_z M PEDc hol d
val uao asil|l us] r at ec diy dieci si ¢n gy ockm@rbhOwiNoing vg-MBgirRtrEsie of t he

current ffow ng rs]grOLgh t he wpperf currepl., <
excessi ve - are-qot-ceme . 1 i patTr—ot
2110, | SBe chSProll circuB® 2088 ddtern WWRPW@ ﬁﬁ@?ﬂﬂpude of 30

the currepipf| opi ng tlhggoughgs he |l ower| ggir r ERéToREAS kb rounD sRSREHOT RO s
equal to gero, BS 111 ,lissiir € geci[sron e OCKZJ.J.Z rroﬁ e—current

flowi ng t a-ER e iR lE2Pontt - SBonsl = -
i n adsor dhmce ‘Newi tth t hed " YES] pat i out aﬁ'zokmsuoopmd ontcn&ilZ the

control circpit 2(4Qn. Wil L. geperatg an am&r%grs)sm&gmnd as

NC ‘NC T3 (AMP C) OPEN CIRCUIT

Nc | me T4 (AMP A) OPEN CIRCUIT
NC " S NC T5 (AMP B) OPEN CIRCUIT
20 NC NC - T6 (AMP C) OPEN CIRCUIT
NC NC : nc: | me WYE MOTOR WINDING M, OPEN
NC Ne NC NC .| WYB MOTOR WINDING M, OPEN
E NC NC NC NC WYE MOTOR WINDING M. OPEN
25 | TABLE II

FIG. 24 is a diagram of a single-phase motor, linear
amplifier servo system circuit 2400. Under ordinary
operating conditions, the single-phase motor, linear

30 amplifier sexrvo system circuit 2400 controls the commutation
of the current through the single-phase winding, which in
turn controls the rotation of the shaft for the signal-phase
motor M. o

. In a preferred embodiment of the present invention, the

35 single-phase motor, linear amplifier serve system circuit

2400 employs a single supply, linear transconductance bridge
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- 34- det er mi ned t he anDunt of current to be zero, the fault

condition is identified as.a notor w nding short-to-ground, as
illustrated by block 2114. If the contralgcircuit 2005 det er m nes t hat
the current flowing through the lower 5 current sensing resistor is not

equal to Z%@liﬁéﬁ%ﬂﬁﬂ?ﬁratlow Lt BnEhadibg' apaidhdliit Hife defisl GoweeCk.

2112, control” logjc nevert hel es rate_an a ifier
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15 pair ransi stors 12 an
2005 now detserlmnmrwem@poméonaénrpuabeoampﬁ@t of yedtage famhﬁ;i at

through th%wpﬁiap&t’:'réf”épéf&ﬁiaﬂaleﬁhélﬁlher ARANGS opesatiiotal

whet her it excee predet er m ned hreshol d, aS |IIustrated by
deci si on bPRIRLEELEY Bf the 20 anount of current flownng t hrough t he upper
curremnto sensi ng The s;egnalephaaedﬁeeoexcmedeaheah@aaﬁeh:d serwie system
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amplifier A and the supply voltage are equal (e.qg., equal to
+28 volts) and the output voltage of amplifier B is equal to
0 volts, the load current I,,, is at its maximum positive

15 +value. When the output voltage of amplifier B and the

| supply voltage are egual and the output voltage of amplifier
A is equal to 0 volts, the load current I,,, is at its
maximum negative value. It logically follows, that the load

. current I, is zeroc when the output voltage offamplifier.A' S

20 and amplifier B are equal (e.g., when the output of

amplifier A and the output of amplifier B are both equal to
V./2 volts). Moreover, the voltage across the single-phase
motor Mg can vary between 0 volts and +V, volts, and,

consequently, the load current I,,, will vary linearly with

25 respect to this voltage. One skilled in the art will

readily understand that the single-phase motor, linear
amplifier servo system circuit 2400, therefore, can linearly
vary the amount of torque applied to the shaft of the servo
motoxr Mg by varyihg the magnitude of the voltage command

30 (i.e., the amount of voltage applied at the input of

operational amplifier A and operational amplifier B).

Each of the linear amplifiers A and B, in FIG. 24,
comprises an upper drive transistor (not shown) and a lower
drive transistor (not shown), which are highly similar to

35 the uppér and lower drive transistors shown in FIG. 20.

Accordingly, the upper drive transistor in linear amplifier




SHUTDOWN cwoyvmatasoas il lustrated by bl ock 2130. Since an 25 pEmosswneyss

anmount of current is drawn through both upper current resistors Rl and
R2, the fault condition is identified as a servo notor w nding short
circuit, as illustrated by step 2135. If, however, the magnitude of the
current flow ng through the upper current sensing resistor 30 R2 does not
exceed t he predeterm ned threshold val ue46rn accordance with the "NO'
pat h out of decision block 2125, i.e., if only one of the upper current

sensi ng redi $sopximaridnveesporsiblei feragenerasing i @asitine fiead

condi tion nt | { ed
ot O Ehsrapt! LT Eh2Guah BT phide ShASx OW,CUHi1STHd 1SRl ¢
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m ne
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t deci si I ong | .
thether -~ Wiide BHE P arlYe CeRuha1ELE th atpld 4" A HiiiE Hehe
current senegadivesilnast qerrentqlahto zero, as illustrated by

deci'si on bl ock A%Sxd ftﬁéepmgamfayéheir EEQV@uws%&nbhq, ddrtwidig t hrough
the | ower current sensin ero, the control circuit
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supply current sensing amplifier 2410 which generates a .
voltage Vg that is proportional to the amount of supply
~ current I; (i.e., the amount of current supplied to the

15 operational amplifiers A and B); an analog return current
sensing amplifier 2415 that generates a voltage V, that is
proportional to the amount of return current I (i.e., +I,
or ~I;); and a shunt resistor connected in parallel with the
winding of thé single-phase servo motor M;, wherein the

20 shunt resistor has a relatively large impedance value.
These additional components make it possible to detect and
isclate the following single point fault conditions: motor
winding open circuit, motor winding shorted line-to-line,
motor winding shorted line-to-ground, amplifier drive

25 transistor open circuit, amplifier short circuit and
amplifier output bond wire open circuit.

. FIG. 25 is a flowchart which illustrates the detailed
steps of the single-phase motor, linear amplifier servo
fault isolation process. In accordance with FIG. 25, the

30 control circuitry 2405 initiates the procedure by generating
a predetermined amount of positive voltage, as illustrated
by block 2510. This voltage is applied to adder 2420 and
adder 2425. In a preferred embodiment, the amount of
voltage generated is less than V,/2 volts (i.e., the

35 reference voltage level for adders 2420 and 2425), so that
the input voltage for amplifier A is less than +V, volts.and

wr gt SR T R T s s e e e



t hrough t he YPR%A 480 r ent sensing resistor R2 exceeds the 15 EffEHIB626ned
threshold value, as illustrated by. deci sion bl ock 2155. If the :

magni tude of the current flow ng through t he upper current sensing
resistor R2 exceeds the predeterm ned threshol d value, in accordance
with the "YES" path.out of decision black 2155, the control circuit
2005 20 will generate an anplifier SHUT command, as illustrated

by
bl ock 2160, i ngfogR §¥TES bV§o§”BH§11‘f E U gﬂfgmflcgﬁgigt 3d S

only one of t upper current sensin ors
condi tion i s+V:dém]ﬁ$ ed Wndewn ordingayy | @P@Fa%ligt condifiionss thisswilled

by step 2165ra88uce a pbbithouecisad bh&:@&nlwe ak &h@.u%lt&raeaad”xﬁ%ﬂg
t hrough t he per. current. sensin st or oes exceed
pr etlet er mi ne#)t hT'}é’s’ﬂ‘dgg GQFuﬁlnﬁge B&a ML A% t“ﬁ‘-n inghe NRRS. phhg out of

deci si onsbl apdt@#fScurbentonlly ds meahred) t ad093 1vistirateice by 1 adiet her
t he magni t“d"??;gé the 30 current flow ng through the |ower current sensing
resi stor equal to zero, as illustrated by decision block 2170. If
the current fl ow Hgetdontyblt hérbusix)tarycaﬂloénttlmnsg'enmrateseai stor Ro does

Ro-dr awi ng' A it eapinpd afgule OE Melicive WG UL B ugbUSEEd 93
are activat Rto¢Re2520. 1 JThe megativenveltrgge isjaimnilavlysapphbedr to

wi ndi ng1operadder 2420VaRd/ 44469 2425. Amplifier B now receives an
'PCT/ US97/ 06256 - 36- circurt, as
i |1 ustrat ed PR Y1438 jpstnundey, &¥, volts and amplifier A’ receives

an input voltage that is significantly less than +V, volts.
Under ordinary operating conditions, this will produce a
negative load current I,,, through the single-phase motor

15 winding. The return current -I, is now measured, as
illustrated in block 2525.

The control circuitry 2405 then determines whether the
magnitude of the return current +Ip and the magnitude of the
return current -I, are both less than a predeteérmined {i.e.,

20 expected) amount of return current I.,, as illustrated by
degision block 2530, wherein the expected amount of return
current Ip, is equal to the amount of return current one
would expect when there are no fault conditions present. 1If
the magnitude of +I; and -I; are both less than the

25 magnitude of the expected amount of return current I.,, in
accordance with the "YES" path out of decision block 2530,
the fault condition will be identified as a motor winding
open circuit, as illustrated by block 2535. The magnitude
of return current +I; and the magnitude of return current -

30 I, are less than I, because the motor winding open circuit
condition will force the current that ordinarily flows
through the motor winding to instead flow through the shunt
resistor 2430 which has a iarge resistance (i.e., 1400 ohms

- in a preferred embodiment) compared with the resistive load

35 of the motor M;. Consequently, the shunt current T ononer

causes a large voltage drop across the shunt resistor 2430.




fl owi ng t hwowgmiddoe | ower current sensing resistor Ro does pCT/0897/088862!
zero, in“accordance with the "NO' path out of deci sion bl ock 2170,

i.e., both RL and R2 are drawing normal 5 anounts of current and Ro
drawi ng no current only when T1 and T4 are activated, the fault
condition is identified as an anplifier open circuit, as illustrated by
step 2180: | f, however, the nmag#ftude of the current flow ng

t hrough the | ower current sensing resistor Ro does not equal 10 zero, in

accor danceThet fagge 'I3t3gee FRP 3Fraeei thenshrptk resistoss 243 cont r ol
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t hrough onP§ &g&usm curient ubmer current sensing resistors, the control

circuit 2007 £ge vl isr ANt RéDhadh CEudE B BOMNeC 0BFRR cikrddtUsiyat ed
by blgﬁk 21%3, Eg t he qu*t cgn itron is identified_as an 25 inglffler
short 0 r cBPR, TS MAGRATURR PhytRE Ho8YER, current -Ipiarg haheless)e
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2005 det er theecontartiercireuitami 2408 wilinhdetermine whetihey the t hr ough

the | ower ensg L 4S | | z : Ll k@S t ed
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in decision block 2540. If these conditions are true, in
accordance with the "YES" path out of decision.block 2540,

20 the fault condition will be identified as a motor winding
line-to-line short circuit, as illustrated in block 2545.

If, however, the magnitude of the return current +I;
and the magnitude of return current -I; are not equal to
I, there is motor shaft rotation, and/or there is no

25 erratic shaft rotation, in accordance with the "NO" path out
of decision block 2540, the control circuitry 2405 will
determine whether the magnitude of return current +I; and
the magnitude of return current -I; are both equal to zero,
while also determining whether the magnitude of the supply

30 current Ig is not equal to the amount of return current
{(i.e., whether Ig is not zero), as illustrated by decision
block 2550. If these conditions are true, in accordance
with the "YES" path out of decision block 2550, the fault
condition will be identified as a motor winding line-to-

35 ground short circuit, as illustrated by block 255S.
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-37- through Ro is zero only when T2 and T3 are active, the fault
condition is identified as an anplifier open circuit, as illustrated by
step 2180. If the magnitude of the current fl owi ng through the | ower
current sensing resistor Ro does 5 not egklgl zero, in accordance with the
"NO' path out of deci sion block 2195, 17e., RL and R2 are drawing a

nor mal amount ypf Al Aithdnddn hAECEE, KRN rREWRY Al 4T,

transistor pair is &ctrve, tHe controf circuit 20
'no single poaml thel magnidiuden o s Id@ne matd equal o&o| zeret aadéarbyhet ep

2199. gas EQUltthé %Qiﬁwrb@ffeﬁeswegré&&gl apgV8ePs!t 2hNS
to but one rFI % ase not or I|f 0 system
t he af or errerﬂ‘?‘“o‘ﬁﬁ'aal“ﬁ&l f"’-lté’ol"'gﬁ oG kR E’é’ﬁ Ellséﬁé’atbjt?c\f“orzg

second pgasﬁtlﬁé 6on§tall sﬁJr&nﬁl fﬁmizfoa?ibmueﬁamgaesmma&hauﬁ of the
not or and the_secon i.fier t he re oned PLocess .
can be g‘d ﬁsoﬁaﬁ'?%ﬁrr?esc rﬁrér'gf%lrles p?‘l js) ‘ﬁre%% m%ggg

where three ng, rwhel@htahe mggmo,tsyia?:ﬁ itthéeretrenptuyednt —IRT:as)quahaZ_L
sunmmari zes t phas 0 |
accordance w hggﬂf)fe gr r%e t%@?ﬂnée t{x&’jni@ﬂ{j& é@ t?%s%%%%v?r’] |on ﬂ‘
+V is equal to theympgooNDIde PE Iz wh:Lle the magnitude of

10 return current +I;, is zero, as illustrated by block 2560.

If either of these conditions is true, in accordance with
the "YES" path out of decision block 2560, the fault
condition will be identified as an amplifier drive
transistor open circuit, as illustrated by block 2565.

15 If, however, the magnitude of the return current +I; is
not equal to the magnitude of Iy, while the magnitude of -I,
is equal to zerxo, or if the magnitude of the return current
-Iz is not equal to the magnitude of I, while the magnitude
of +I; is equal to:..zero, the control circuitry 2405 will

20 determine whether the magnitude of return current +I, is
equal to the amount of expected return current Ig, while the
magnitude of the return current -I, is greater than a
predetermined, maximum amount of return current ILuyx, O
whether the magnitude of the return current --I; is equal to

25 I while the magnitude of the return current +I; is greater
than the predetermined maximum amount of return current Iy,
as illustrated by block 2570. If either of these conditions
is true, in accordance with the "YES" path out decision
block 2570, the fault condition will be identified as an

30 amplifier drive transistor short circuit, as illustrated by
block 2575. 1In addition, the contrxrol circuitry 2405 will
issue a protective amplifier SHUTDOWN command.

If, however, the magnitude of the return current +I, is
not equal to Ig, and/or the magnitude of the return current

35 -I; is greater than I,n, or if the magnitude of the return
current -I; is not equal to I, and/or the magnitude of the
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SHUTDOAN AMPLI FI ER SHORT SHUTDOWN SHUTDOAN MOTOR

W NDI NG SHORT NO CURRENT AT Ro - AVPLI FI ER OPEN CIRCU T
NO CURRENT AT Ro AMPLI FI ER OPEN CIRCU T . NO CURRENT AT Ro NO CURRENT
AT Ro MOTOR OPEN CIRCUI T 30 TABLE |

FIG 22 is a diagramof a three-phaselﬂﬁQﬂ, PVWM anplifier servo system
circuit 2200, The three-phase,notor, 35 PWM anplif,ier servp systemcircuit
2200 el oFSHIPWANE T e ior 18, SKRBLATHEEAR s o Lk PACOTAARSAIA R ng. an
upper the WRO97patdbut of decision block 2570, the control

ransi st or SFTCHIETY PARS WAL SS5SFInS arsper, thacianicyderBe s
conpri si ngraturppeurnthente #laasdsthe fagaidude of Ireburnirdwerentansigst or
Fower 3t vazE; Bt Ko, (fiac, dha whdthai e udbLl) SksEl 1i%a8" @
transi st or 318Pe zero,| @STdllnmtaratpd by aeiaion dprboeki 2588 i nIfhshese wil |
ecoun v Cbictone sl Sl s M s v M tosg, i Byt o
Servo syst o GFFLaROD ISR G5t TR Tasilt sRndit 3 ¥ bboseun! ch
control s t hdenctiified @s @n tdmplifier output bond wire open circuit, as

10 illustrated by block 2585.

Finally, if the return current +I; and -I; are not zero
and/or the supply current I; is not equal to zero, in
accordance with the "NO" path out of decision block 2580, no
single point fault conditions will be identified, as

15 illustrated by block 2590. It is important to note, that a
similar procedure which varies the order in which steps 2530
through 2585 are executed would be considered within the
spirit of the present invention.

Table III summarizes the fault isolation function of

20 the single-phase motor, linear amplifier servo fault
isolation capabilities.

| 1, |rFavnT conprrions:

<€ Top | € Igxp -- MOTOR winding open
25 = Texp | = Ipxp ~-- MOTOR winding shorted line-to-line
= 0 =0 z 0 MOTOR winding shorted line-to-ground
= Igyp =0 -- AMPLIFIER drive transistor open
= 0 = stp -
30 = Igyp { > Iax -- AMPLIFIER drive transistor shorted
> Iw = ngp -
=0 AMPLIFIER output bond wire open
_ — L

35 TABLE III




fol | owi ng W¥PP#41468nsistor pairs: T1 and T5, T1 and T6, T2 PCT{HIP7AE256T)
and T4, T3 and T4, and T3 and T5. As one skilled in the art wll
readi | y understand, the activation of the above-identified drive
transi stor pairs controls the current 15 through each of the three
wi ndings Merr], Merr] and Merr] of thjgﬁ: phase notor M By
appropriately activating each of the ove identified drive transistor

bf The three. AR pE8Esrred Mndihen O ERE) BPLSLAEIYRNRAL LR O S
by sof t war ethnee abovpr-efdantecfleﬁd)c&ﬂMtSmtemecpregbhs i Avent,i Gine
Accordingl ygya) - e ﬁioddl&i' ﬁ?ﬁnéffﬂé@%eﬂ@”b%gﬁeﬁoiﬁ%hﬁt 3 gfjuence

of connutation c so referr 0 as ase encaoder
f eedback cotBe Byrﬁﬁoﬁbaﬂe:ﬂaqqrnrPWMm?@E%lf{ﬂﬁh525V°FﬁYPt68d€165ﬁ§é% t he

control sl 0gpg0820ank0 tave! Is\iaiga.éi;ﬁuase m@prlﬁﬁeaﬁlrampuma&i gle@krcont 1ol
lines 1 onsi activating

, . .. .. .b. For .
t he t r SR ¥PEEHy °ﬁ§|c|“u(90%raqr8§'| AF S r‘f%mf’r%‘?fg % o§§£‘iﬁcaﬁé ‘F&
. force contrd@eviegsc 2T%arsraghictaincd rdevicesrarentusrefif cbmnmliile'xmd 5
hedual - pragEiREee, Bl neLHa ((brent TPLCE. 7, BBE bugrepr ras €
descri bed aﬁbowﬁ thGOMBMe@hﬂumn;qnnwwndlngsrwmﬁangedfaerasaegatnmgt
i sol at @ PEQEABAck Bigmed & Sontro dhk Lo e %SﬂEaQQVEBHnQBd ut igrje? €s
t he eX|st|ng $§ g ystemcircuit 2200 hargmare gr i sol atlon
pur poses. VE?@?&E& will readily understan that the three
PCT/US97/06355V0 system circuits could be implemented as voltage
controlled devices rather than current controlled devices,
however, to do so would not affect the corresponding fault

15 isolation processes described above.

-SIGNAL PROCESSING
The present invention provides a number of signal
- processing techniques which are designed to enhance the
20 quality of the FLIR image as well as the image display-to-
eye interface. - By enhancing the quality of the FLIR image
and the appearance of that image, the present invention can
more accurately image an AOI and intended targets within-
that AOI, and do so at safer stand-off ranges. As
25 illustrated in FIG. 26, the signal processing techniques
‘include a number of image processing functions such as a 2D
contrast filter 2605; a bi-linear interpolation process
(BLI) 2610; a dynamic range control filter 2615; a subpixel
dithering process 2620; and a FLIR focusing technique 2625,
30 which is used during the FLIR-to-laser boresight process
described above. In addition, the signal processing
techniques include a number of image preprocessing functions
) such as a notch filter function 2630; an analog-to-digital
- conversion function 2635; a pixel or detector element value
35 gain and level correction function 2640; a dead cell
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systemcircuit 2200 al so includes three upper current sensing resistors
Rlerr] Rlerr] and Rlerr] and a |l ower current sensing resistor Rerr].
In general, fault isolation is acconplished 5 by applying a known anount
of source voltage V[err] to the servo systemcircuit and then

I sol ati ng single point fault condi tb2nas by anal yzi ng the anount of
current flow ng through the upper current sensing resistors Rerr],

Rlerr], Rxeplageuent functiiian 2645 camdean svadpggtredigisalRerr]. The
three- phaséo&Oergg%OV(ADEWo%’Bﬁéé 'ﬁét@éf‘ﬂoréz%é{rﬁg‘ Eankt 1bR0b#spON process

can-isolate the | o ng single pojnt fault conditions: not or wi ndi ng
open, notor wi naeagngaa& @i 4l fhe cimage prepragespingndrngtinssy cghe

| ine-to-greseeh aipkek e%otylw an opti@asi iDtePPRAdeaBE! Hihes %‘1\(:?:
transi stor, shorted Jer out ut bon

23A and 23R8 f?Bﬁ&ﬁﬁﬁg?%ﬁﬁﬁﬂ?lq? stPBte ?h@ n°tcge3&;FSH §§Q§sl§f the
t hr ee- phasdesbgoed Ewwkemmmé|nnléeuﬁigna19|£nbmttha mRoeegaalenbéiﬁﬁﬁdance

i th i
W ih piG SR, ST0RS B Rong o eolifs A R0 ERKCRELT.  spRelERERIANC
codes whi cthe nokeh §iAsex é’éq}’s@@tdﬁ%mqldl tohrevoweunatisensignaiie in
current  ¢pd hﬁfaghawerawg@r ¢4 gli ngs, o apg bysgel?f&%inaaﬁéswabhleﬁdsr

corresgondlng to a desired. drive transistor pajr . upper drive
t r anst 8t orcauseR PYhatmeRbheris eadigkieRor ?BlsTS?ngﬁs°flﬁﬁ§ﬂﬂ§ﬂ§ée§y
bl ock 2305ig Jﬂeeiﬂakéfeededmﬁd ,ad the attﬂéﬁphéﬁﬂéeabbérﬁﬁmbhobahagb‘i‘ 2205

to actlvat th r nsi or trQI | i nes _,corresponding to
t he egoﬁr‘-’}%&[g? a‘%’ﬁf‘apg r%??sjr%t’d? 3t - ﬂ-l i nes 1
and 5), asnotl:lﬁsrrahednbydﬁ ﬁdmiozscm these alembsphemcohoh.egl c 2205

must det e(rjéa%ﬁ alf4d8a' Borrupt N {1 Ml I8 4" BG-ELEAE TR 9] 1 1°

corres upper curreft sensing € curréent lf[err],
| [err}50r imageferr] through upper current sensing resistors Rerr], R[err]

or Rerr] The notch filter 2605 is located in the FLIR

' detedtor/cooler assembly 427. Notch filters are generally
well“known in the art, and they are typically manufactured
along with the FPA cold filter.

20 Once the IR image comes to focus on the FPA 2607, the
analog value of each detector element (i.e., the optical
image) is digitized; henceforth, each detector element value
is referred to as a pixel or pixel value. The digitization
of each detector element is accomplished by one of four

25 analog-to-digital converters (ADCs) 2635; however, one
skilled in the art will appreciate that fewer than four, or
more than four ADCs could be employed. In a preferred
embodiment of the present invention, each detector element
is converted into a 12 bit pixel value.

30 For each frame of image data, the 12 bit pixel values
are'subject to a number of image preprocessing techniques.
The first image preprocessing technique is the gain and
offset correction proéess>2640. The purpoee of the gain and
offset correction process 2640 is to remove specific noise

35 components from the optical image by calibrating each pixel.

- The noise components to be removed by calibrating each pixel



respecti vel WO¥4¥s a predeternined threshold T, as 35 ill ESTPLR9%8,
deci sion bl ock 2315, wherein threshold T represents what woul d

ot herwi se be an excessive anount of WO 97/ 41460

PCT/ US97/ 06256 -40- current. If
the upper current sensing resistor is dragsng an excessive anount of
current, in accordance with the "YES" path out of decision block 2315,

t he control i i | . r at.e g EESsk Bsor| byst r at ed
by bl ock 23#@ c%\?%%% %\%tlraﬁlatg‘éﬂﬁ 3he theSddIROMST o

t he aggroprlate stat us fI,aQSﬁ#ééJstrated by
bl ock 23 eqtnre ehementi hg thet DeRE -acThesS @Rt & eht
drive transig{OfatPihhs (§ré- théh pagséd) toetlld ebrrespondimy gsixel evhlues
condi ti on. . I f, _however, .t he aCtivat%P%‘¥'téHi#E§&§nt drive 10
transistor SH¥ing Eherdigifizabion BHOFSSRASSTIARSS FRE:  with the
"NO' patdh owaXibxiecishobsbhochmplishethbdbycapplyting a |hnfi rebesedeeecandnes
whet her the activati e.dri r ' ir tegai
CURRENT condt t?%élﬁé.)g??&nég E’ gr gﬁguhr rd eer?:ec%%?w%%gﬂﬁ??dquag%&ﬁ&e %ﬂ?%ﬁ%in&b
resi stor R erthd )gaiis ¢Sefflitdentasnd ithedeofifsiedn aneffidcizr: for each
activation of, t ' S| r I a3 iSkd 1N ye fNRSHAERFRENE same
condi ti on, CL-I'w“'xellh' g%oﬁ%gﬁgggmhbﬁkg t@%é: erat h%u%ctéld I(E:éj sion bl ock 2325,
the control Vakue E@OBeﬁPPPS§eF°tﬁ@eaﬁﬁﬁo§ﬁ€§ﬁ9QQﬁu in yegpensgsto

i | lustrgped dye boLk 28B8redBe. Thelpoteds Yerdlibmatlaiereask phreber

all six of the af orenenti oned drive transistor irs e _bgen .
acti vat ed value in response to a ixo\é refaerence a ¢co <¥ refgrence is

generally well known in the art.
'The next image preprocessing technique is the "dead"
cell replacement process 2645. The purpose of this process
15 is to maintain a list of "dead" cells (i.e., detector
elements that do not properly respond), and to replace the
pixel value corresponding to each "dead"” cell with a best
approximation value. The best approximation value is )
. 5 . derived by averaging the values of the pixels which border
20 the pixel corresponding to a "dead" cell. Only neighboring
pixels that correspond to properly functioning detector
elements are used for the purpose of deriving a best
approximation value. _
‘The signal processing subsystem determines which
25 detector elements are "dead" by applying any number of well
known criteria. For example, the thermal response of each
detector element may be compared to an expected response.
If the actual response is far greater or far less than
expected, the corresponding detector element is probably not
30 functioning properly. Another criterion that is often used
to establish whether a detector element is not properly
functioning is whether the digital response of the detector
element is steady or whether it appears to flicker. A
flickering or jittery response probably indicates that the
. 35 corresponding detector element is not properly functioning.
‘Yet another criterion is to compare the actual response of a




as i || ust r woeay/ay60deci si on bl ock 2335. If all six drive PCHUSYBI6256
pairs have not been activated, in accordance with the "NO' path out of
deci sion bl ock 2335, the control logic 25 2205 will generate a different
Hal | code so as to activate the next desired drive transistor pair.
Once all six drive transi stor pairs have been activated, in accordance
wth the ° "YES' path out of decision ®fock 2335, the status flags

contain all ,of tgg i nf ormat_i on necess rg to isolate thg 30 _ fault
condi t i onsFi¥eRcSELEGEP L& RMent to the mean wplug; kagep, fromtdiest or

pai lrsf _haverbepesbnse o&cul\latoeﬁi,thé\mi@&@éWr;énﬁﬁega;.i nili gekbponzdl tHat
anplifier | cur en t of the_drive transistor irs
Gere act viPefUDEFANRA 19h S hEF SR BoM ( BS MERly EPEPBRSSS POKARLY

i ncl uded t hadieatespphatothechecaaresponding rdetectort edementonis aot

Il lustrate s Sl 34 rs L 41

:DCTyUS&(; / Ogggétg.gﬁ'ﬁl'gog%%?i};. . %1 dS)! lf'the Migié_é'égggeegg . gi‘{%
first trandptectopaiedemepthare imitede thistprabablyr ipdicatespitihsitng

drive tranghgt geteftcd@1bhent idMHdte fliecSL5RMg!t baagb%&gr. PR My have
been the gaan5|stor pair conprising drive transistors T1 and T6, 5

wher ei n boBkidiede i She &xd widil andarseand bRatdkhié list; pfnsistor T1
from phasecghiteetiarisl hothexdlaigisvd, aifd that NdtEatecthtbribi fagondition
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circuit, l@enerall | ther prededurd dick 2Bihlacibhgetdeadl f cedllby ist welflaul t
known in the art. _

The next signal preprocessing technique is the ADC

offset pattern removal function 2650. The FPA 2607 has four

15 output lines, as illustrated in FIG. 26. Each of these
output lines is connected to a separate ADC 2635. As
explained above, the ADCs convert the analog voltage levels
associated with the detector elements into 12 bit pixel
values. ‘Moreover, each of the four ADCs is specifically

20 responsible for converting the voltage levels for every
fourth column of the FPA 3607. For example, the first ADC
may convert the analog voltages associated with the detector
elements in columns 1, 5, 9,..., 477; the second ADC may |
convert the analog voltages associated with the detector

25 elements in columns 2, 6, 10,..., 478; the third ADC may
convert the analog voltages associated with the detector
elements in columns 3, 7, 11,..., 47%; and the fourth ADC
may convert the analog voltages associated with the detector
elements in columns 4, 8, 12,..., 480. Furthermore, the

30 ADCs are highly sensitive, and they tend to drift over time
especially with respect to changes is ambient temperature.
However, if any of the ADCs drift, they are likely to do so
independent of the other three ADCs. If one ADC drifts
relative to the other three, an undesired cffset or bias may

35 appear in every fourth column of the digital image. This
offset or bias is referred to as an ADC offset pattern.




i sol ati on pMOSZMLGi || dentify the drive transistor causing TCTUSRU0G2) ¢
condition, for exanple, drive transistor Tl in the exanpl e above.

I f, however, the status flags do not indicate that this 15 condition has
occurred, in accordance with the "NO' path out of decision bl ock 2340,
the status flags may instead i ndi cat egghat SHUTDOWN occurred when two
drive transistor pairs were actlvated and that the sane two phase

drivers VIer € iV vlgstéél HPlhd nﬁﬁénéﬁﬁseﬁsphltlt%%hr HeRbvnn dﬁsﬁéwanZO

bl ock 2350. For exa he st at us I ndi cate that -

occurred duRPR fRe tar@liinaterthie ?fgﬂ§FsPSrblas &Eqm(iﬂﬁw¢%$hﬁaarlve

tranS|storslmg ng T@dyubﬁiﬁg the é}tﬁEEHﬂpogunredMWQyru;nﬁmaactlvatlon
of the tranS|s% qg %h%h rive tr£n3|sto%s %@1 In this
25 - exanpl eP*§ Ffrﬁﬂa < B BY&SGPFetPFR-HF ot et S pg?‘é Rl

fl ags iBdicofeaabasﬂﬂng;uhauhffemtmdspnxeMrvaﬂuesn15 acxeop distoed vash t he
"YES" path deci 0 | t I | L fied as
a notor w nggﬁiégg 1:%IQrlatzél)érlﬂgz)u‘lﬁfgﬂtf’%smFI % ?ng £ gcl%%%%e
particul ar|l 26680 216|6é,f RET0 jand 26 DR prgcgesemted defhief \cantentytof

w ndi ng efanSh&@tug%Jnatﬂé s&gghtwan éﬂéhpﬁie@%&u\és”‘iiﬂﬂiuce by a

Merr]- anpl e e st at us flags do not
i ndi cat e thﬁPrFﬁ§99ﬁﬁ$QQ(ﬂPe °f|%kmt$??€dApﬁsdecF§F5ﬁ PFSok S exi st s,

as illustrahgdtbyram rdFled¥s 120 fb@mmﬂé g€Cpiiel %Qde3235ﬂ1ei‘é”£r18é§éhs
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' data, signal processing software 2680 alternately computes
an average pixel value H,, H,, H, or H, for one of the
histograms, wherein only the pixel values between the 20th

15 percentile pixel value and the 80th percentile pixel value

. are used to compute the average pixel value. For each frame

of image data, the signal processing software also computes-
a total pixel value average Hg, based on all four individual
- histogram averages H,, H,, H, and H,. The difference between
20 Hyy and each of the individual histogram averages Hpy-H,,
Hpar=H,, Hgpz-H; ‘and Hp-H, is then added to or subtracted
from, as the case may be, the existing, corresponding pixel
offset coefficients.
As previously mentioned, a number of image processing
25 functions are employed by the present invention to improve
the guality and the display-to-eye interface of the digital
image. - The first of these image processing functions is the
2D sharpen filter 2605. The 2D sharpen filter 2605 is used
for edge enhancement (i.e., for enhancing the high frequency
30. image data). In general, edge enhancement is accomplished
by performing a low pass filtering operation on the 12 bit
per pixel input image, thereby generating a low pass image.
By subtracting the low pass image from the input image, a
high pass image is generated. Then, the relative gain of
35 the low and high pass images are adjusted before integrating
the two images to form an enhanced image.
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affected drive transistor pairs involve a comobn phase driver, as
illustrated in decision block 2360. For exanpl e, the status flags may

i ndi cate that SHUTDOM occurred during 5 .the activation of the transistor
pairs conprising drive transistors T1 and T5, T1 and T6, T2 and T4, T3
and T4. In this exanple, upper driveS®ransistor T1 or | ower drive
transi stor T4, both involvin hase driv ﬁéé i nvVo veg | f

status flags i ndiiGat &% 1BROWH| ¥¥% ogﬁmeBEcﬁﬁrE 2R 5@@6ﬁﬁﬁhce
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such as, phagq duliver dhd fhd it SA@! © R2VFou pags inabb EBEcaLARUSHH a0s

do not 71 ndica t’ron Ci SIron ock
exi sts, i nlewcdregvency tihnage dafa’ m;i p@hﬂreﬁergi appesrgnspmsuhamao

the statusphlag%da. THY 1de§@§£ £ e PN SHERERT opORM al gngogcurred

during the 20 acti,vation of drive transistor palrs, and wherein_the
two af f ect S@Wﬂ%%lﬁ‘l’%ﬁ?ﬁs 'paﬁ’l?%r?mo\'-% Yadueart Bﬂﬁbr pixelodn fdesane

| ower dri vanpiﬁnamﬁga i rdplacdd ahﬁﬂnban aveﬁsgespmeml 98Hue3 70 Foror
exanpl t he st at condi tion

occur dBP¥N§ F’r‘i’ ﬁ’&;c{?’gaﬁl?%nnb?u? h%m?$ﬁhsF€?o?vﬁ§FQeCBﬁﬁF VAJUS i ve
transistorfofiuhat'ﬂixaijIhucampmtedabylsammbngothEhvalue bfanhespquiur

conpri si g ichV el ‘fé%é eTécﬁ‘r!:‘PeiT Pin 10L§, C3ABPLRenP Al b1 ¥ Hd1e
% er gr S %f | f

affected drive tranS|s pairs ive transi
the st at ustheagumdy mhﬂ é&%@%a@ftmuse‘e%nuseiioﬁor\ésrw&uthsdsuimn For

accordancegl]l pileld vt Horated mﬂueh@foﬁleérseagebbecisha?:mputhe_na‘a@é t

condition w be identified as an a en_circu

11 us e te&aﬁ%‘ muamngamemmp%%méaiwf{?ﬁe%aaﬁeis the ohe
pixel for which the averaging operation is being performed
plus 8 neighboring pixels. This averaging operation is
repesdted for each and every pixel value in the input image.

The 2D sharpen filter 2700 also generates a high pass

20 image by subtracting each pixel value in the low pass image
from each pixel value in the input image. The subtraction
operation is represented by adder 2710. The high pass image
generated as a result of this subtraction operation contains

- the high frequency image data from the input. image.

25 In addition, the 2D sharpen filter 2700 generates an
image contrast measure 2715. The contrast measure 2715 is
generated by first computing the difference between adjacent
pixels values along each row of the input image. The
contrast measure 2715 is then derived by summing all of the

30 difference values. For example, an all white or an all
black input image (i.e., an input image containing almost
exclusively low frequency components) will yield a very low
contrast measure. Note, there is always some noise content
{typically high frequency noise). However, an input image

35 that reflects a checkerboard pattern, wherein every other
pixel is alternately black and white (i.e., an input image



i sol ati on p¥R&¥8M4E% dentify the drive transistor causing 3FCTYSMPENE

condi tion, such as drive transistor Tl in the exanpl e above. WO
97/ 41460 : : PCT/ US97/ 06256

- 43- If the status flags do not indicate that the condition
identified in decision block 2370 exists,_gqL accordance with the "NO'
path out of decision block 2370, the status fl ags may indicate that a

NORCURRENT CQQHEE&BQBBC%UQ%%QWﬂdIQ ﬂf@;uémcﬁ%d:ﬂ@éh@ﬁ willogesdlitvdn a

transi stor parrs four drive transistor pairs involve a
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NO CURRENT COﬁ?ﬁlet QDn sheapereE iltenR 0@ tlsén vadjoatsf thei gainr desiedt or

T1 and _T5,_ T T6 d
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to each pixel in the low pass image and the high pass image
respectively. Input images with a high contrast measure
typically exhibit a higher SNR. To further enhance the

15 image guality, the ratio G,/G; is decreased. This has the
effect of further enhancing the high frequency signals
already present in the input image. Again, the adjusted
gain levels G, and G, are then applied to each pixel in the

. low pass image and .each pixel in the high pass image

20 respectively. For input images that have a contrast measure
somewhere between the very low and very high contrast
measure extremes, the adjustment of the ratio G,/Gy is based
upon a polynomial curve that establishes the relationship
between contrast measure and gain level. 1In a preferred

25 embodiment of the present invention, the polynomial curve
used for adjusting the ratio G,/Gy is implemented through a
look-up table. However, one skilled in the art will readily
understand that the polynomial curve could easily be
implemented through an equation.

30 The 2D sharpen filter then produces an enhanced image
by adding each pixel in the now adjusted low pass image with-
a corresponding pixel in the now adjusted high pass image.
The adding operation is represented by adder 2730.

. A second image processing function employed by the

35 present invention is bi-linear interpolation. Bi-linear

interpolation is used for shifting the image horizontally




condition hwo9aeswoi sol ated, as illustrated by bl ock 2390. PCTUS97/06256! €
Il summari zes the three-phase notor, PAW 25 anplifier fault isolation
process, in accordance with a preferred enbodi nent of the present

i nvention, wherein "SD' ~signifies a SHUTDOMW, and "NC' signifies a NO
CURRENT condition. It is inportant to note that the three-phase

motor, PWM anplifier servo systemcircuit5®200 is connected 30 in a "WE"
configuration. However, one skilled in the_art will readily understand

that a siniaRd Ya&Ficaddlati % is alamawred #PHororatingnthe 1BAgE apd TA"
connected, t§refrovidiRbaen Mlleditrdiild aibun f i %isﬁﬂ@afoﬂﬁteiggiléﬁﬂbh and

sane I S, consi der to ithin the spirit of the present
i nvention. i8 generq&&y7ﬁ@3§6 own in the art.
PCT/ US97/ 06256 A third image processing function employed4by the
ALer 1B AlSHLLGoe Bh gl ph s of Gl be Gyidse e | SonEAL T GRRBLTLOY
- T1 (AWP A) BHORTEDIn priorSprt syBtems]5 SUNP @B HMONIRD, adaptive, non-
Sb  sD linear mappiﬁ% (AMR R ¥d RHHAnce IR images. Non-linear
mapping schemes use either a gaussian distribution centered
at mid-scale, or a flat distribution. However, it has been
10 shown that the most "eye-pleasing" intensity distribution
emphasizes black over white, where the human eye is more
sensitive to changes in grey levels. Therefore, the flat
distribution and the Gaussian distribution, centered at mid-
scale, do not generally produce the most "eye-pleasing"
15 image.
In contrast, the present invention manipulates the 12
- bit per pixel image data, so that the center of the
histogram distribution is not centered at mid-scale, as
“illustrated in Figuré 28. Instead, the present invention
20 employs a Rayleigh distribution, the center of which is
shifted towards one end of the dynamic range of the
histogram so as to emphasize the darker intensities and de-
emphasize the lighter intensities (i.e., so as to reduce
saturation) .
25 The present invention then re-maps the 12 bit per pixel
IR image (4096 quantized values) into an 8 bit per pixel
(256 quantized values) image to accommodate a standard, 8
bit per pixel, RS-170 video display device. To avoid a
substantial decrease in image resolution caused by the re-
30 fﬁapping process, the present invention re-maps the 12 bit
image into an 8 bit image in a nonuniform manner, using
look-up tables. As illustrated in Figure 29, the present
invention maintains a 1:1 mapping scheme, and.a high level
of image resolution, over certain regions of the 12 bit
35 image distribution, especially in those portions of the
dynamic range where there is a high concentration of image
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systemcircuyit 2400." Under ordinary, operating conditiqns, the -

si ngl e- phas&®3f 3B 3 iFeAarX3pt2 SHRAFiNgeRrrEsYvo EP¥eVeLoi Rﬂ}ﬂf 4680 X
cont rolip t hgspopBiitaiddrof the Gbtabenguareay LBr Qeed the gt dNERe IR -
wi ndi ng, whi,ch in tur cqﬂééglﬁsgggorgtat onr f the shaft for t

si gnal - phasd™29® BRGNS 2FF4C FAPa® gﬁﬁﬁfeﬁﬁﬁxﬁ?RﬁPP%f°Fhe
present i nvecanming lnl3p 486 hiphes phfistmageodathi.nedn amyt idvet setke
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' portion of the array to be read out. For example, a 240 X
15 240 image can be read out in about 1/4 the amount of time
required to read out the 480 X 480 image. The present
invention, taking advantage of the FPA windowing capability
and the FSM 415, provides a 2X enhanced image mode. More
.. specifically, in creating the RS-170 video, the present
20 invention uses the FSM 415 to dither the LOS of the FPA by
1/2 the center-to-center detector spacing, both across and
down, so as to achieve an enhanced 480 X 480 image based
upon the 240 X 240 image.
Prior methods for interlacing image data to create RS-
25 170 video data typically result in a loss of resolution.
For example, one such technique, as illustrated in FIG. 30,
discards the even numbered detector rows to create an "odd"
video field, while the "odd" numbered detector rows are
discarded in creating the "even" video field. This
30 technique results in a loss of sensor sensitivity because
half of the image data is discarded. Another prior
technique involves averaging the rows, as illustrated in
'FIG. 31, to create the "even" and "odd" video fields. This
technique results in a loss of vertical resolution. '
.35 In the present invention, the FPA 2630 uses the 240 X
240 image, illustrated in FIG. 32, and integrétes the image
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- 45- anplifier configuration, including a nonolithic, dual power
operational anplifier. Mre specifically, the configuration i ncl udes a |
power supply V[err], wherein VL is equal to +28 volts in a preferred
enbodi ment. The power supply VL causes a 5 -bidirectional |oad current
I[err] to'flow through the wi ndi ng -8P~t he singl e-phase notor Merr],
wherein the | oad curfrent er;; is linearly proportional to the anopunt
of vol tage &%pid KPsition 3 nput 24Pagpaeadit éh@trﬁﬁﬁq fARrFIGanB. A

Ope{a}lona|flrstiﬂqdpf¢dmmihd1£b tgin adided &bgﬁyﬁwﬁiﬂﬂt{ﬁ?Cle?#hﬁ@?r
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output ol t 5o 12 S et eolfeBel THALREEEY Yoabind D) e HEdy fdt% he
out put vol tag:eaomamaw i%r240 image kaeed on sheolpnsqelt hea Jwesasl. at ua r ent
ferr] s Abddition JEXIZBIM NOAREDY Ca¥al¥ustiakdl ad] Ird O3PS piigt Lhe

| oad rent |[err I's Zero he  out put o ta anp1|f|er A 20
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video field.
A second step command causes the FSM 415 to dither the
15 LOS of the FPA 2630 to the left by 1/2 the center-to-center
detector spacing and then down by'1/2 the center-to-center
detector spacing, such that the LOS of the FPA is now at a
position 1c, 2c¢,...240c, as illustrated in FIG. 33. Aafter
integrating this image, yet another step command causes the
20 FSM 415 to, once again, dither the LOS of the FPA 2630 to .
the right by 1/2 the center-to-center detector spacing, such
that the LOS of the FPA 2630 is at a position 1d,
2d,...240d, as illustrated in FIG. 33. This image is now
integrated and the pixel values at positions 1d, 24,...2404
25 are interleaved with the pixel values at positions 1c,

' 2c,...240c, thus yielding a second 240 (vertical) X 480
(horizontal) image. This second 240 X 480 image represents
the "even" video field. The "odd" and "even" video fields
are then interleaved, thus yielding an 480 X 480 enhanced

30 image of the original 240 X 240 image. One skilled in the
art will readily understand that the enhanced image is a 2X
enhanced image of the original 240 X 240 window.

Other image processing functions, such as the FLIR
focusing process, support such subsystems as the FLIR-to-

35 laser boresight described above. Referring back to FIG. 11,
the boresight reticle pattern 1100 contains a number of




vary the angdi 481 or que applied to the shaft of the servo _PCTﬂ@PBP‘z-"‘
Merr] by varying the nagni tude of the voltage command 30 (i.e., the

anount of vol tage applied at t he i nput of operational anplifier A and
operational. amplifier B). Each of the linear anplifiers A and B,
I'n FIG- 24, conprises an upper drive _tghansi stor (not shown) and a Iomer
drive transistor (not shown), which are h|1hly simlar to 35 the upper and

| ower dr'VedHéEHEﬁBéHde@QM@etﬁsF|GTh%thr%FAQ%%gTﬁiﬁﬁaiaafﬁnUBHEEth'Ve
LE??B%S%?B6E%§Iggggc1ggéé with the FLIR focuéang pxogess forpthg WFOV,
pri.marily rmmnsldﬂee four gemal er)g790padiciioradicas pattarhseatel [err]

th h tor e the I ve tranS|stor in
|.ng? ai%?%ﬁ?éf %ng #PthfocusF8§H35ﬁ9%ﬁﬁ f%%rF Welarly,
t he upp&r dDuzartg&%sesWEﬁDWand&henNEOVafpbubmg @”“ﬁ“m'm?’g?lfﬁgd
bl n ti g e ;1,034 .c err
RO phec T A e 1 G BECANNEC Lot MO el e bl
anplifier AFPPniS3havith theaepyrespandingr eheckiexhdard patterns Unktke
the PWM anphiisf isgfpcrdiatt a8S ofdty, Ceﬁaeot:héowﬁaﬁ;w'&é HPO C%E@:% the

|ncludes

an anal b 1 Ehﬁbar%cﬂ?c?énﬁhgeﬂgﬁnas'aﬁh Ppkr be) DAKken Thaw theswidth
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so there is a random phase relatlonshlp between the
checkerboard pattern and the pixels, as one skilled in the
art will readily understand. A number of contrast

15 measurements are taken based on the values of those pixels
illuminated by the checkerboard patterns as the FLIR
focusing lenses are adjusted. The position of the FLIR
focusing lenses that yields the best results will correspond
with the peak contrast measurement. The FLIR focusing _

20 process will now be described in greater detail hereinbelow.

FIG. 34 is a flowchart illustrating the detailed steps

of the FLIR focusing process. As mentioned the FLIR
focusing process (i.e., either the NFOV or the WFOV FLIR
focusing process) begins when the IR source 1015 illuminates

25 the FPA 2630 with the corresponding checkerboard patterns,
as illustrated in block 3405. The pixel values for those
pixels illuminated by the checkerboard patterns are then
recorded, as illustrated by block 3410. A contrast
measurement is then calculated, as illustrated by block

30 3415, using the aforementioned pixel values, by computing
the difference between the maximum recorded pixel value and -
the minimum recorded pixel value. The FLIR focusing lenses
are incrementally modulated (i.e., translated), as
illustrated in block 3420. If additional contrast

35 measurements are required, in accordance with the "YES" path
out of decision block 3425, additional pixel values are




sensi ng anpMG 941460115 t hat generates a voltage V[err] that iRBCTUSITN6256

proportional to the amount of return current I[err] (i.e., +l[err] or
-I[err]); and a shunt resistor connected in parallel with the wi ndi ng
of the single-phase servo motor Merr] wherein the 20 shunt resistor has a
rel atively |arge inpedance val ue. These additional conponents neke it
possi ble to detect and i sol ate the fdlf%wi ng si ngl e point fault

condi tions: notor wi_ndi n% qgpen circuit, notor w nding shorted

i ne-to- | | nerecoraag: spduaAd g onRdr CRNYHARE MRIFURAEENEIATE | SPMERESE - 25

transi stor opep Rowevek, aaﬂllltfmeralsWﬁtmsru:unéamment@r@téf:h@t out put
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fault isol atbbockrB3425s. the aodulddricon data ﬁls(ip]&ﬂ;tedle(BOe conthel
[ It 24
amount o posoprbabbopEaskiSnty et FAN Yohldthe Jend BESTEICAT RY |
is applied tblldgtrakedobyndlock 34ddor m&hq mgdlpl%ﬁfetm edrteabpoinkst
the amunt ofre conxe&aaebggaews%df %AmV[&IfJéZ @'m&gtﬁatehhe

35 reference voltage | evel adders 24720 and 2425),
i nput vol t adeY fBtogkpPRRPer Abes magdamum, glodukatiqn \Rﬂ’jfrét aﬁ‘ﬁj then VO

97/ 41460 determlned (i.e., the peak of the pIyriéidDCDEve), as

+€'[7;arr]190It:"i,f1 Fvalggggpyc%bgggﬁ;fl B IS I THé*#ig%J¥éégfgtggggduce

a positive |paint urepn&sbpﬂsr EheaFLIR dsnsatpnbmtidﬂ @&hat corresponds to
the best FLIR image focus.

This process not only provides a clearer, more visually
precise image, it also facilitates a more accurate boresight

15 process and, ultimately, a more accurate FLIR-to-laser LOS.
Furthermore, if there is no random phase relationship
between the checker patterns and the pixels, as discussed
above, the recorded pixel values will reflect a fixed alias
relative to the c¢heckerboard pattern, and modulating the

20 FLIR focusing lenses will not affect the contrast level of
the recorded pixel values.

The present invention has been described with reference
to a preferred embodiment. However, it will be readily
apparent to those skilled in the art that it is possible to

25 embody the invention in specific forms other than the that
which has been described above, and that this may be done
without departing from the spirit of the invention. The
preferred embodiment described above is merely illustrative
and should not be congidered restrictive in any way. The

30 scope of the invention is given by the appended claims,
rather than the preceding description, and all variatioms
and equivalents which fall within the range of the claims
are intended to be embraced therein.




24, through MR ¢ phase notor winding. Next, the 5 retuFfiTMPPRI06
+l[err] is nmeasured, as illustrated by bl ock 2515. The
~control circuitry 2405 then generates a pr edet er mi ned anmount of
negative voltage, as illustrated by bl ock 2520. The negative vol t age
is simlarly applied to 10 adder 2420 and @adder 2425. Anplifier B now
recei ves an’ i nput voltage just under +V[err] volts and anplifier A

receives ;§£g£i££”&LX£hhﬁgi that is significantly less than +VL volts.

Under ordina eratirng conditions, this will produce a negati ve | oad

current I err] thgouahobBens BAkC1RARINGTRYALe? dtnis-ndinghe return

current - [err] is now Teasu , Il "'ustrated in bl ock 2525.

The control circuifry,24Qp4thepkdage inifiaret PR fept ical N@@psyEdemotor
the-return current +lI[err] and the magni tude of the return current

-1[err] are beibeiestgt haBrareaedaRyr @neady ifxom &0 arepest eintaeresnt of
return current I[err] , as illustrated by deci si on bl ock 2530, wherein

the expected gmoIN} ahdr €bur generatdmey amn IR dmdge icf echml A®D; t apdanount
of return current one woul d expect when there are no fault conditions
present. |f thelaagni bpiidcafl subsysteamdox [gandrat ndol asersenekgy
the 25 magnitude of the expected_anmount of return current | erré . In
accor dance wiforthdlunksatpagh asutlegstdsiesiodiagtocia 2w AOI andefeyul t
condition will be identified as a notor mﬁndin%D open circuit, as

i | lustrated byeeebeikngsissernhengxgy refdected by fakd brieRAEL+PP€r] and
the magni tude of return current - 30 |I[err] are less than I[err] because
the notor w 38Cbpen circuit condition will force the current that
ordinari&x fl ows

shunt resi st orwgﬁ%ggﬁlggﬁt H%?g%t I%;’rtgggﬁgsr%qéé}n%@ ?ﬁgd fé@%’ogﬂ%ﬁlrjrgh the
mtor Merr] OPERARS AERpYF R BhEted Eonind THTH eafBig 0. O | arge
vol tage drop across the shunt resistor 2430.
2. A targeting and imaging system in accordance with claim
1, wherein said laser optical subsystem comprises:
15 a laser transmitter; and

a laser receiver which receives said laser energy

reflected by said at least one cbject.

3. A targeting and imaging system in accordance with claim
20 2, wherein the laser transmitter is a ND:YAG laser

transmitter.

4, A targeting and imaging system in accordance with claim
2, wherein the laser receiver comprises;

25 a laser range receiver; and

a laser spot tracker.
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- 48- The | arge voltage drop across the shunt resistor 2430 reduces
the voltage drop that woul d have ot herw se occurred across the input of
t he anal og current sensing anplifier 2415. This, in turn,. reduces the
magni tude of the return 5 current +l[err] and simlarly -I[err] such that
t he magni tude of the return current +fferr] and the nmgnitude of return
current - I[err] are both | ess than the magnitude of the expected
anmount of. refuriaxgeting andripaging system fin [gegorsdanaehaviyntclaie

of the return current +l[err] 10 and the magni tude of the return current
-1[err] are2nowhexein the hbaserctragamithieTotrapsmdtse MidrwasterIR current

I[err], in , agcordance with the "NO' path out of decision block 2530 ,
the control 8& i%ry 2405 will deternine whether the magni t ude of the
return current +l[err] and the magnitude of the 15 return current -I[err]
are both equal to I[err], while also determ ning whether there is no

Tl ostrdeas” i rser gl M abAgiAs' ByBERRL soal e 7 U
accordance ui th o Nfa- 235 BEARERS BRI QA0 orlh o o aul

condition wll I ed as not or w ndi ne- to i ne short

circuit, asplldeists fﬁhffhfé&¢k1ﬂ54éner from ahl ard@Vfeintdiedmgni t ude

of the return curren [err] and the magni tude of return current
-I[err] are (ag7)gqual to I[err] , there is notor shaft rotation, and/or
there is no 25 erratic shaft rotation, in accordance with the "NO' path

out of deci siz0FLiRpRDAl imagepnfopl genesaiting 240IRvinage with
10 the IR energy received from the AOI, wherein said FLIR
optical imager is arranged to receive said IR energy-from
the FLIR optical system;
a laser transmitter;
a laser receiver, and | _
1s laser optlcs for dlrectlng 1aser energy from sald laser
transmitter to a desired target located in the A0I, and for
directing laser energy returning from the desired target in
the AQI to said laser receiver,
wherein said FLIR optical system and said laser optics:
20 share a common pitch bearing, such that all optical elements
individually subject to pitch rotations are commonly shared

by said FLIR optical system and said laser optics.

7. A targeting and imaging system in accordance with claim
25 6, wherein the optical elements shared by said FLIR optical

system and said laser optics means include:

‘A YRR




“determ ne wEPRZM4%e rmgnitude of return current + [err] and?CTUSYIME256
magni tude of return current -I[err] are both equal to zero, whi l e al so

determ ni ng whet her the magnitude of the supply 30 current I[err] is not
~equal to the anobunt of return current (i.e., whether I is not zero),
as illustrated.by decision bl ock 25504<1f these conditions are true,
I n accordance with the "YES' path out of decision block 2550, the

faul t condi t igagoti)l melihd VY iddtorbAF1Y SPABL1VLRAGNeHe Ry iQsa BO
~ground short circuit? as iIIustrate&sby blé%k 2555, 5 hkb&ﬁ%%%fﬁgGO

PCT/ US97/ 0625fiage about the roll axis in response to-PRIR energy lind{.
however, the magnitude of the return current +l[err] and thé magnitude

of -I[err] av€-paghequplitich amglepdruietions. magnitude of the supply
curtrent I[err] is equal to zero, in accordance with the "NO' path out
of decision block 2550, 5 the control circuitry 2405 will determ ne

whet her . t he magni tude of return current +l[err] is equal to the

magni tud® of 8. Al fargeting laad Higmaging taxktet iheaceoudancer meitth -dYaeim |
I's equal to zero, or whether the magnitude of the return current
-1[err] 7y swhgggin: §henepkdgailt edemsntg gonmonky | shanednbynisaide REIRO
return current fl%irr is zerq, as jllustrated by bl ock 2560. _ |
either of thEREIEBHJPYRERT ARG S3dd lrsek SRR fwrkher ingludevEs' path
out of decision block 2%?0 tgg fa&It condition will be identified as
an anplifier driv@ Prech/yaw ategal i @0 rcuit, as illustrated by bl ock

2565. 15 I £, b Ltu the return current +l[err] is
not equal to the %aéggﬁﬁ§§eSFEF§éﬁ??QERJﬁﬁéy%he magni tude of -I[err]
10
9. A targeting and imaging system in acéordance wiﬁh claim
7, wherein said deroll means comprises:

a deroll'prism.

15 10. A targeting and imaging system in accordance with claim

6; wherein said FLIR optical system comprises:

a'pitch/yaw afocal comprising a plurality of lenses
which serve as a common aperture for both the laser energy
and the IR energy; .

20 a FLIR field of view (FOV) system which is switchable
bgtween a FLIR narrow field of view (NFOV) and a FLIR wide
field of view (WFOV), wherein said FLIR FOV system is
optically coupled to the pitch/yaw afocai;

a deroll prism; and

25 a fast steering mirror (FSM).
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I s equal twaomadéor if the magnitude of the return current PCT/USY14H6286] iS
not equal to the magnitude of I[err] while the nagnitude of +l[err]
is equal to zero, the control circuitry 2405 will 20 determ ne whether the
magni tude of return current +l[err] is equal to the anount of
expected return current I[err] while the magni tude of the return
current -Iferr] is greater than a pﬁ%ﬁéternined, maxi mum anount of
return current | err% , . or whet her the magnj tude of .t he retuLn ur,r ent
[Tlerr] is BhualAtbasgetipg: ARd AREATE, SRR LRIATFOTARIFE Hi- i GARM
et er.m ned maxi num anmount of return

:LEg;L% i?eféf?%géreiﬂss%gazg%ggtE@ﬁgfﬂﬁqﬁﬂ<??ﬁ%flﬁTséither of these
bl ock 2670, the PEEEFECHRAERTRRTRERNGE U Fedi enciohod Bipt AL 80
drive trants%%_}’_g(rjgﬁﬁg?_t if! Eﬁuihteﬁggli{#l%lt rf%t(gﬁi gis’lane bl ock 2575. In

addi tion, circuitry ue a protective anplifier
SHUTDOWY command. | f, however, the magnitude of the return
current +l[err] is not equal to I[err] and/or the magnitude of the
return curregt 3R takrgethihg andl eabeingh@ydte in  adkordahbe WRERI LadenOf
the return current -l[err] is not equal to I[err] and/or the magnitude
of the 6, fYW¥tRéritdémPprises:

PCT/ US97/ 06256 - 50- return
current +l[err] asFhIRafecushassembily] form fenmidencehed IR imagéhesaild'
path out of decision block 2570, the control circuitry 2405 w ||

det er mi ne keIReimagernbgiangusptdcally coupled o esaid|FLERdophicadgni t ude
of return current -I[err] . . )
10 system and said FLIR optical imager; and
a FLIR detector which generates an electronic
representation of the IR image, said FLIR detector being
optically coupled to said FLIR imager through a FLIR

imager/detector interface.

15
13. A targeting and imaging system in accordance with claim
12, wherein said PLIR imager and said FLIR detector each
contain a collimating lens for collimating the IR energy
that passes through the FLIR imager/detector interface.
20 -
14. A targeting and imaging system in accordance with claim
12, wherein said FbIR detector comprises:
a staring focal plane array;
a cooling assembly} and
éS ~ an atmospheric absorption band, notch filter.

—

RN o




.5 are bothv\é‘aayf‘% zero, and whether the supply current Is | RET/USI7/6258
zero, as illustrated by decision block 2580. If these conditions are

true, in accordance with the "YES" path out of decision block 2580, the
fault condition will be identified as an anplifier output bond wire
.open circuit, as 10 illustrated by block_g385. Finally, if the
return current +IR and -I[err] are not zero and/or t he supply current

I[err] is nog 5e9d Otra‘i'g@'ﬁlg'a{h 1mé‘§£ﬁ§ t.e_ema Mncf@tvkht%'tc?élm

deci si on bloc 2 S|n e point condi t1 ons w

identified, gs dherklimlHdidd %gyr bé@@fcgsggmprhtsel S inportant to note,

that a simlar procedure which varies the order in which steps 2530

t hrough 2585 are ax patic/ vl | EdwaTpnsi dered within the spirit of the
present invention. Table I'll summarizes the fault isolation

function of 20 tReasemfomyshasgetivd ovhithnéectusepl itheerlasmw ederdy, said
I sol ation capabilities. +[err] -1[err] [[err] FAULT

CONDI TI OsS: laser focud @mptics beimygréptically cMﬁBmadMuunuhp(pxnnﬁiyaw
I[err] = 1[err] MOTOR wi ndi ng shorted line-to-1ine =0
=0 0 &EmeRlwi nding shorted I|ne to ground = I[err] 0
AMPLI FI ER drive transistor open gerr > | [err]

AVPLI FIER dri ve t ERRPines Omaqusecﬁor dlres ipgr the=lases; rqnergy intg =

0 = 0 AMPLLFEIER output bhond wire
TABLE L] said laser gecelver, salg ccmbgned optics being optically

coupled to said laser focus optics;
10 a deroll prism;
a fast steering mirror (FSM); and
a compenéatof which steers the laser energy and adjusts
the polarization of the laser energy,.said compensator being
connected to said combined optics through said deroll prism

is5 and said FSM, and connected to said laser transmitter.

16. A targeting and imaging system in accordance with claim
15, wherein said laser receiver comprises:
a laser range receiver (LRR); and

20 a laser spot tracker (LST).

17. .A targeting and imaging system in accordance with claim
-16, wherein said combined optics means comprises:

.. means for steering the laser energy inside said

25 combined optics means; and
an LST/LRR switch means for directing laser energy into

one of the LRR and the LST.

[
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three above-identified servo systemcircuits, i.e., the dual - phase
notor, PWM anplifier servo systemcircuit 2000, t he t hree-phase notor
PWM anplifier servo systemcircuit 5 2200, and the single-phase notor,

| i near amplifier servo systemcircuit_ 2400, are described as

t ransconduct ance dévi ces. Transcondut&®&nce devices are current
control | ed devi ces, wherein_the | pad current, (i. he currept that

e., !
flows throudB-thd rAXFetINRIi 3N ))1NagIRgG FyRtem a??G@réﬁnc?eEHE cR1&ifha
to control the i put,volgﬂgf connaqg. One sé#él dinthe art wl|l
readi |y unddrst ¥ReH&idt 3 (MRS Tor RheRrilg Bhe {788t ene¥dygipside
| npl ement ed_asg vol t age ontrolled devices rather than current
control | ed B8FFCES nequﬁékﬁﬁé *?9?&)%3?9&&& hot affect the

correspondi ng fauyl ' ' 0, ses descri bed above. SI GNAL
PROCESSI NG 2 ba?fl%e dpf;gis%nj[é?r%ln l'on provi des a nunber of signal

processigng techni ques which are designed to enhance the 20 quality of the
FLIR image as well as the imge display-to- eye interface. By

enhancing the, qual idargit i did Rnd@isy systdétl 1/7CaePPLAEREE Cwth! E%%.im

I mge, the present invention can nor e ‘accurately image an A an

i ntended t anget whéreliin).said IRRYILIE switith dfedds abompEBsest and-of f ranges.
As 25 illustrated in FIG 26, the signal processing techniques

an optical waveplate.

10 20. A targeting and imaging system in accordance with claim
15, wherein said compensator means comprises: |
a pair of optical waveplates for adjusting the
polarization of the laser energy to ensure that a sufficient
amount of laser energy passes through the deroll prism; and

15 a pair of Risley prisms for steering the laser energy.

21. A targeting and.imaging system in accordance with claim
6, wherein said laser optics means comprises:
a pitch/yaw afocal;

20 laser focusing optics which focus the laser energy,
said laser focusing optics-being optically coupled to the
pitch/yaw afocal;

means for reflecting the laser energy into said laser
receiver means from said laser focus means;

25 . a deroll prism optically coupled to said means for

reflecting laser energy into said laser receiver means;
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i ncl ude a mﬁfﬁé’?"b‘?‘ol mag eﬁse;1 chp THRSHISTHAPsEER 2D Pﬂé%%%?{bg%?
filter 2605; a bi-li ne 15 proceSSREPLAcsbBLI) 2610; a dynam c

range control filter ss 2620; and a
FLI R focusing technlque h |s used during the FLIR-to-I|aser

bor esi ght process descrlbed above. gaddition, the signal processing
t echni ques i ncl ude a nunber of |nage preproceSS|ng functlons such as a
notch filter funct FéaM) abpt i cal2PV ctigled WEtsaid
2635; a . pixel or e?%?%%r eﬁ ue BS galnpand Ie§ZI cgfﬁectlon

function 264%5160:@3%%1 and V\D 97/ 41460

PCT/ US97/ 062 -52- repl acement
function 2645, and, apipehosts-whithabteersCeheelager( ANGrgy faml pdjusts
renpval function 2650. Beginning with the inmage preprocessing

functions, thge poX¥iiatidh oof 2605 laser epeirgyl, Salitecompemsdtay dssing
which 5 has an antl-reflectlve coating. The notch filter 2605 is

desi gned 3 0 rcAnectwEd Steo ssghd| BSM ramndt he BRidi Jaales tafamsmittexrhe | R
signals cone to focus on the FPA 2607. Specifically, the notch filter
2605 i s designed to renove noise signals in t he m d-wave range (i. -
4.2 to 5.55 mcroneters) which are 10 _caused by atnospherjc radiatjo

This range of2Z+edudir¥gating and imagipgs sypkem 6%?%%&?6‘?1? c°1"=um

absor ption band or t he é&ﬂ bsor tion band b£ t.hose of skill in the
art. |If *te fEheXekn N3] *???Er e85 Ver, SOMPTiS§S5heri ¢ noi se

signal's woul d Cor””noéﬁfhégafa Q%lfaﬁag gg EgggrlqiRh)/laser spot

10 tracker(LST).

23. A targeting and imaging system in accordance with claim
22, wherein said LRR is a pin diode; wherein said LST is a
quad-cell receiver; and wherein said LRR and said LST are

15 combined into a single unit, such that said LRR is located

at the center of said LST.

24. A targeting and imaging system in accordance with claim
21, wherein said compensator comprises:

20 a pair 6f optical waveplates which adjust the
éolarization of the laser enefgy to control an amount of
laser energy passes through the deroll prism; and

a paif of Risley prisms for steering the laser energy.

25 25. A targeting and imaging system comprising:
forward-looking infrared (FLIR) optics for steering an

infrared (IR) line-of-sight (LOS) towards a desired area of

AR




15 i mageWO9THI460  hey ot Bedichiated 260p 1S SBLAIESISFEN | he PELMURO706256

. detector/cool er asse filt=rs are genieral | y wel | known
in the art, and they Imnwmlmg manuf act ur ed along with the FPA cold
filter. 20 - Once comes to focus on the FPA 2607, the

anal og val ue of each detector elenent (i the opti cal | mage) is
digitized; henceforth, each detector eFQant val ue Is referred to as a

e g cbapt s, FoLbeEi s n ApdaR) ARUELEE RSB 2635,
o ronBaeing othe AR BasB il fop SRR A Fug B oBHELaL "ThLR.

of the prege qu% tlon each detector el enent is converted into a 12
bit pixel value For each frame of image data, the 12 bit pixe
val ues are $UPA8E+ tPaRsMEERRR;0f iMage preprocessing techniques.

The first inage preprocessing technlque Is the gain and of f set
correadion procespagéhlOrahbe petpaverof{IRRY ;0ain and of fset correction

process 2640 is to renove specific noise 35 conponents fromthe opti cal
i mage by cali braatlageraspopi xekcker (DST)noizrd conponent's to be renoved by

cal i brating each pi xel WO 97/ 41460
PCT/ US97/ 06256 laser optics for steering a laser LOS$3-such thatethaused by
variations in the gain and offset from one detector elenent to the

next. Thed&gapsmitier olaser energyadlidumimates atheleasksadpevtion of

correspondi ng pi xel val ues
the AOI, for receiving laser energy, and for directing the

10 received laser energy into the LRR and the LST,
wherein said FLIR optics means and said laser optics
means share a single pitch bearing, and
“*wherein the IR energy and the laser energy pass through
. a common aperture.
15
26. A targeting and imaging system in accordance with claih
25, further comprising:
LOS correction means for adjusting the IR LOS and the

laser LOS, and for minimizing dynamic LOS alignment errors

20 between the IR LOS and the laser

27. . A targeting and imaging system in accordance with claim
25, wherein said LOS correction means comprises: |
optical elements that are shared by said FLIR optics
25 and said laser optics, wherein each of said shared optical

elements is individually subject to pitch axis rotations.

A




during t he &WBi’?’l"ngi on process described above. 5 Cali bratr Emlsgmszss

acconpl i shed by applying a hot reference and a cold reference to each
detector el enent and by adjusting the gain coefficient and the of fset
coefficient for each pi xel , if necessary, such that each pixel
reflects the sane val ue in response tejt-he hot reference and in

response to 10 the cold reference. The process of calibrating each pixel

val ue in respgse A%@r&@élﬁgfaﬁanmagmﬂga stalten efer@feordance wighnenaliny
wel | known in the art. The next inage preprocessing technique is

the ""dead" 27, aiidrdéil ehensharpdoopsdicaiimlemdret puimekedet this process
15 is to mintain a list of "dead" cells (i.e., detector el enent s
that do not properd \ypitshpyay, afodale repl ace the pi xel val ue .
corresponding to each "dead" cell with a best appr oxi mati on val ue.

The best approxi me iderebl uprism for dptiived lyy shalkilizing hehealBedmaget he
pi xel s whi ch border 20 the pixel corresponding to a "dead’ cell. Only
nei ghborifig aboutpithe srobht asber 2Bpsaarenser dseFLIR RS i Bhteh asgdet or

el enents are used for the purpgse of deriving a best appr oxi mati on

val ue. pertuphationg| %?30e55|ng subsysten1deternines which 25

detector elenents arge "dead" umer known

criteria. For exarl sﬁh%t?ﬂﬁiﬂi g%é gngé¥%ﬁ gﬁgﬂi RE LR el enent

may be conparged to an _ex ected res gg th resgg se is far
t1 .

greater or f q%ﬁ%n‘flﬁa% ra 3’)%‘5 Pehne; f& g‘lﬂéxﬂbcgn % ?i%?’é‘c el enent

I's probably not 30 functioning properly. Another criterion that is often

used to establish whether a detector elenment is not properly

functi oni§g iy Whek Negradis s Okl s HESERBS Bydle 4154 &S Alance wEkBTENahS

steady or whether It appears to lickering or jittery response
probably i ndiggat gphdFein t §£1@5L.08 0bbeEBLRI0R] ndRIRS (ComEtEsE@8t | S not

properly functlonlng - Yet another criterion is to conpare the actual
response of a a plurality of gimbal assemblies;
a deroll prism that for optically stabilizing the IR
image about the roll axis in response to FLIR LOS pitch
15 angle perturbations;
a fast steering mirror that reduces high frequency
vibrations in the IR LOS and the laser LOS; and
~vibration isolation means for attenuating high
freQuency vibrations and structural bending forces.
20
30. A targeting and imaging system in accordance with claim

29, wherein said vibration isolation means is a passive,

optical isolation bed.

25 31. A targeting and imaging system in accordance with claim
25, further comprising fault isolation means for isolating

an electrical fault in a servo system comprising a serxrvo

| AR ARY )
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-54- gi ven detector elenent to the nean val ue taken fromthe

response of all of the detector elenents. A response that S
substantially different fromthe nmean response probably i ndi cat es t hat
thé correspondi ng detector elenent is nof,_. 5 functioning properly. A so, if
the dynam’'c range of a given det ect 628l enent is limted, this probably

i ndicates t el enent onin roperly One
skilled inméi?ﬁuﬁném?? ﬁﬂﬁi?gfﬁﬁd ERaf FHPE%IF ° din é###%rla i s not
excl usi ve, WR£%§%,Other crlterla may 10 SIn1IarIy be used to identify
"dead" deté%i frent s general, the procedure for repl aci ng

"dead" cells is o r
. ff? t é%%%
preprocessing te r%quee?égt rAgzﬁbﬁnﬁ %ngfnbaffEFh reana unctron

2650. The @%&éﬁgﬁ'ﬁaﬁlﬁaﬂﬁgl§n eHEPEbrbN@SLoas il lustrated in FIG 26.
Each of these output Ithes is connected to a separate ADC 2635. As

~explained above,gddsndtEafignEstt arhoingakasredi! a9F d Weddnd dipseechat ed
with the detector elements into 12 bit pixel val ues. Moreover, each of

t he four AaaxdugnmmmefwﬁﬁaiugZQn thapsagvbl dotdr;C@NErti ng the voltage
| evel s for every fourth columm of the FPA 3607. For exanple, the first
ADC may conwmedans hfornabolatbhgagefaaldtobetiwednnittte tamplief et oand
elenments in colums 1, 5, 9,... , 477; the second ADC nay convert the
anal og vol tthgesarssponater astd fusctdopcofr ans amgteafs ¢urreiuims 2, 6,
10,..., 478; the third ADC na¥. convert the anal og voltages aSSOCIated
with the d&lewing into said Iirst and said second means for dr;v;ng

10 current, and as a function of the current flowing out of

said first and said second means for driving current.

32. A targeting-and imaging system in accordance with claim
31, ﬁherein said fault isolation means further comprises:
15 a first and a secondnmeans'for each winding in the

sexrvo motor.

33. A targeting and imaging system in accordance with claim
32, wherein the servo motor is a dual-phase torque motor, -

20 and the amplifier is a pulse-width modulated amplifier.

34. A targeting and imaging system in accordance with claim
32, wherein the servo motor is a three-phase torque motor,
and the amplifier is a pulse-width modulated amplifier.

25
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el enent s m‘gglgarms 3, 7, 11,..., 479; and the fourth ADC may convert

t he anal og vol tages associated with the detector el enments in colums 4,
8, 12,..., 480. Furthernore, the 30 ADCs are highly sensitive, and they
tend to drift over tine . especially with respect to-changes is amnbient

t enper at ur e. However, if any of the ADgg-drift, they are likely to do
o) I ndependent of the other three ADCs. |If one ADC drifts relative
to the other 3shreq targertagr addoimagingr syistemEn Ivcoapiz=sre ivitdyetyaim
fourth colum of the digital inmage. This offset or bias is referred to
as an ADC of Bget wimiresimn. the servo MOL8F/ 4s84@0single phase torque motor,
PCT/ US97/ 06256 : - 55- - The
pur pose of thamndAbhefdmelifpbereia acilbnehrf ampilidier. 2650 is to
elimnate this offset or bias fromthe digital i mage by adjusting the
affected pixel values. In a preferred enbodi nent of the present

i nvention, this process 5 of adjusting the affected pixel values is .
acconpl i $hed3fs A taxgpting. and,iwaghhgr s¥stem iimpgecerdange With claim

hi st ogr ans 660,, 2665, 2670 and 2675 gre.%er Zée . The content of
each hi stogrdrhi & Rt REaRE xEPTy 2FRAET & etween the

correspondi ng_one aof the fo ADCs. Therefore, each .10 _ histogramreflects
190" ol ums. BEARAeY, g cthe EeEYR BRERE"5S 2 Fihgnion, He HHE AR S6E°
val ues. For f ' . Lan i e
2680 al t er nafe %@&rmﬁ%vg{né%%ns%%gr ggsergﬁi )%ég \%Iaelég’éﬁlc—lﬁ%%rx%q %F'Ieé% 2
Herr] or H fs t S Yalalg , [ t '

Vo les bet vesuniaeidn W ghe ! Srrent FLOWIAY BIE, iSRG A 0K i Mdbtna
pi xel valgue means comprises: '

a first input resistor connected between a'voltage |
source and said first means;

a second input resistor connected between the
voltage source and said second means; and

15 an output resistor connected between said first

and second means and ground.

37. A targeting and imaging system in accordance with claim
36, wherein said fault isolation means further comprises:
20 a first and a second means for each winding in the

servo motor.

38. A target:ing' and imaging system in accordance with claim
31, wherein:
25 said first means for driving current in a first

direction through the winding in the servo motor comprises:

* c L M S *




are used towWOATMIHEL t he average pi xel value. For each frame PCT/USSOGRMgE

data, the signal processing software al so conputes a total pixe
val ue average Herr] based on all four individual hi st ogr am aver ages
Herr], Herr], Herr] and Herr]. The difference between 20 Herr] .and

each of the individual histogram averages Herr]- Herr],
Herr]-Herr] Herr]-Herr] and Herr]-He%4 is then added to or

subt ract ed from as the case may be,, the existing, .corresponding

pi xel of f set coePfféF@ﬁt%lnear amplifier GonRecksy hendi brsat Snd
nunber of i nage roces 25 functions are enployed by the present

i nvention tc®np ﬁvﬂln *the quality and the display-to- eye |nterface of

the digital i mage The first _of the mage. oroc n t|on

the % %50 sharpen (B EAF5oEEuRR, YA HaraTHY cFeSLBEor  Shbpgtte

for edge en t e r ts §HH§H y 30 inmage
data). 3§%g$§$ﬂ é%g g% Eﬁc%ﬁ%ﬁgﬂfs g€§ﬁ5$EQQg% %9 performng a

| ow passsf' LLering oheaabkne 1iieal? dhig1i £ier RebnpldElal BVL LUBGRY

t hereby Qgenerating a | ow pass I na trac the | ow pass i nage
fromthe |npgﬁd|g§ggheawghagngass |nage S generated Then the relative
gain of 35 the [ow and high pass inages are adjusted before I ntegrating

the two i mages to fornpageedhd) et urif@arrent sen%@ﬁ:é&:ﬂﬁ@or connected

PCT/ US97/ 06256 FIG 27
shows a preflbetwdennbaddnmsecontl limedy sSmplidier azidlgmuﬁaDo whi ch
operates as follows. The 2D shar pen filter 2700 generates a | ow pass

inmage by subjecting eaahshiint resistor connected in parallel with the._
10 winding,

a voltage source connected to the input of fhe
first and the second linear amplifiers through a supply
current  sensing resistor, and o |

control circuit means for biasing the first linear

15 amplifier and the second linear amplifier such that the
first linear amplifier produces a differential voltage

output with respect to the second linear amplifier.

39. A targeting and imaging system in accordance with claim
20 31, wherein:
said second means for driving current in a second
direction through the winding in the servo motor comprises:
the first linear amplifier connected to the first
end of the winding,
25 the first return current sensing resistor between

said first linear amplifier and ground,

* [ L M S *




t he pixels W99t7ﬁé“280 X 480 pixel input image to a | ow pass SPC#"PthTéofﬁ\sg
operation 2705. The | ow pass inage contains the | ow frequency i nage
data and, therefore, appears somewhat blurred. The | ow pass filtering
operationis a 3 X 3 convol ution process, wherein the value of each

pi xel in the I nput i mage is replaced.wist.h an average pixel value. For
10 any given pixel in the input imge, the average pixel val ue for
that pixel is conputedchy s886haA01EHeaYabmpldifildic duntidicted wbtd sBeoudl ue
of each nei ghboring pixel, and then dividing the sum by the nunber of

pi xel s used dxd dsf | vige t WENQiNy, For all pixels not |ocated on the outer
edge of the input inmage, 15 each summ ng operation should involve 9

pi xel s; the one pi the &econfii rhtuin avenagitnapsing i@sistdri hgtween
perfor med pl us 8 nei ghboring pixels. This averagi ng operation is
repeat ed forsakdhsecondviineprxanpiifieri andhexn , i mage. The 2D
sharpen filter 2700 al so generates a high pass 20 _image by subtracting
each pi xBl val ue in theheoveophagei gaysce copngates tapithe inpye ¢f the

i nput image. The subtraction operation i.s represented by adder 2710.
The hi gh pasEi¥stagand thgeferapdqlivear, aupldfdens, theanah £ oFuUBBLYat i on
cont ai ns the high frequency,i e data fromthe input imge. 25

I'n additicnn°¥?E?@ﬁ)§ﬂ%?bgﬂ FF¥%§£33705n enerates an i mage contr ast

measure 2715. The contr§§f5§§ﬁ§y£gug§%§s%§s forgﬁgg#%Jggég%%féiéétCf?ﬁgggng

{
the difference between® val ues —alon ow of

I nput i mage. s es . ..C r e ' : i L9 al
of the 0 drEHEher S ERe BRESHACIEACAY SupIFR ich What Th

bl ack ipput Jdmges (1 ' f i=Nni L85 Lvely
Iom1freg§ené§ conpo%%ﬁ?%faﬁ???Eg?%#gﬁgegg?%%?gwﬂgbﬁ%umnr%ﬁﬁgﬁéggtég#
Note, there digal VY SESPEE 10hE8rCaMbEREier. (typically high frequency

noi se). However, an input imge 35 that reflects a checkerboard pattern,
wherein every ot her pi xel is alternately black and white (i.e., an
I nput 1 mage
40. A targeting and imaging system in accordance with claim
31, wherein:

15 said means. for isolating a fault between the amplifier
and the servo motor as a function of the amount of current
flowing into said first and second means, and as a functiom
of the currént flowing out of said first and.second means
comprises:

20 supply current sensing means for determining a
voltage proportional to the amount of current flowing
through the supply current sensing resistor, and
| return current sensing means for determining a

voitage proportional to the amount of current flowing

25 through the first and the second return current resistors.
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-57- contai-ning a large high frequency content) will result in a
very large contrast neasure. The 2D sharpen filter 2700 then

adj usts the gain |evel Gerr] of the | ow pass inmage 2720 relative to
the gain level Jerr] 5 of the high pass, inmge 2725, or vice versa. |nput
| mages ’ mﬁth a |l ow contrast neasure t° ﬁrbally exhibit a relatively

bur' Zhg.“a' e nbATSREEne, SRY: dbAoRRE FYRST 1 GageRganss (YEOR) FLpom | |
nereased: o Tl raglicEhoBly %wr%%.t;%%r%%nsgzﬂ A8 EimBLa 48, oL
Jerr] and Jerr] éﬁf&éﬂ@nséﬂgkhgcam 11&qe§ach pi xel in the |ow pass image

and the high pass 1rm®ge res gre I'nput i mages with a high contrast
measur e typically exhibit a higher SNR To further enhance the 15
I mge quality, the ratio (Ierr]ICIerr] I s decreased. This has the

ef fect eof fort hey wRpeEing aha Anabi ge@g@t@m digtdordande 'eaEl L188/Nt
in the input imge. Again, the adjuste gain levels Jerr] and Jerr]

are then appl,i athdxeimcdapdxeetumnmt barrent! egmdAy inegss asheetdedi xel 1 n
the high pass imge 20 respectively. For input inages that have a -
contrast nmeasura curxemewhensihgt ampdifiexrvery | ow and very high contrast
nmeasure extrenes, the adjustnment of the ratio Gerr]/{Jerr] is based

upon a polynom al curve that establishes the relationship bet ween
contrast neasure and gain level. In a preferred 25 enbodinent of the
present in@énti &n tammgnéﬁdamégws systgfed ¥ @ceppdansagvite edaio

err]/Jerr] is inplenmented,through | ook-up table. However, one
§£|||bdfin pLeﬁaqt ¥ | CPBRYLFYNg a boreslght suﬂ;ystem that includes:

means for projecting IR energy through a reticle.
pattern onto a focal plane array; _
“means for aligning the IR LOS with a plurality_of IR
openings in the reticle pattern; |
-15' means for receiving laser energy passing into the
boresight subsystem through a laser opening in the reticle
pattern, wherein the laser opening has lateral edges that
project radially inward toward the centrally located
opening;
20 means for translating the laser LOS toward the
centrally located opening along a lateral edge;
_means for translating the laser LOS in accordance with
a number of grid positions; and
means for aligning the laser LOS in accordance with the
25 grid position that cbrreéponds with a peak laser energy

detection by said means for receiving laser energy.

A T




under st and MYRP74HE pol ynom al curve could easily be I npl ene C'r/US9J/06256

t hrough an equation. 30 The 2D sharpen filter then produces an
enhanced i mage by addi ng each pixel in the now adjusted | ow pass inage
W th a correspondi ng pixel in the now adjusted high pass inmage. The
addi ng operation is represented by adder 2730. A second i nmage
processi ng function enployed by the 35 present invention is bi-Ilinear

i nterpol ati ofg . Bh‘khaggtlng andtigiapi ey | oyst emuind abeorsdaindd g theclatge
hori zontal L.y 97/ 41460 :

PCT/ US97/ 06256, further comprising a signal processiBg subsyspain that

vertically. It is also used for rotating the image and for providing an
el ectroni ¢ zinoludesl aneanalogeteoidigiterl conveytayr fory cpaventid thet he
art - A third inmage proceSS|ng function enployed by the 5 present

i nventi on | sophicdknimager infe cotiitalintnaga. 2615. In prior art
systens, such as LANTIRN, adaptive, non- | inear mapping is used to
enhance BR i mages. Non-Ii near mappi ng schenmes use either a gaussi an

di stri but tered | flat distribut Ho it

has. been 10 45hovh EREBSEAGSAR HAd e TAgen APeACFRF AR (TR (lain
h bl ack te. where th

Changes I n ghby WBYERLR RoAANERaL -y EBELEY ghBeVREEm dncIiNA, & thS-

Gaussi an dlsérlbg%ggﬁslcngsrg%éypéﬂcklltersgghsrlggnggt generally pr oduce

the nost "ey | mage
means for extracting a low frequency digital image from

10 the digital image;
| means for extracting a high freQuency digital iﬁage
from the digital image;
means for adjusting a relative gain between the low
frequency digital image and the high frequency digital image
15 to produce an.adjusted low frequency digital image and an
adjusted high frequency digital image; and
means for combining the adjusted low frequency digital

image and the adjusted high frequency digital image.

20 46. A targeting and imaging gsystem in accordance with claim
45, wherein said 2D sharpen filter further comprises:
,meané for measuring a contrast value for the digital
image, wherein the relative gain is adjusted as a function

of said contrast value.

*  C L M S *




I n contrasiWOPH#I46® esent i nvention mani pul ates the 12 bi PCPRISII06256

I mge data, so that the center of the hi stogram di stri bution is not
centered at m d-scale, as illustrated in Figure 28. Instead, the
present invention 20 enploys a- Rayl ei gh distribution, the center of which
S shifted towards one end of the dy gpic range of the hi st ogram so
as to enphasize the darker intensities add de- ~enphasi ze the |ighter
intensities ent

nvent i on thbn 12 iAReCEBS: 555 hpging” s Y. adchpanncn A £ 15n
I , , " _ i sed .
accomdat &5 SYiRasie Shid ipne o MBS B MR RS G ce.

To avoid a oompeifskantial decrease in image resolution caused by the re-

30 rmappi ng process, the present invention re-maps the 12 bit I mage

into an 8 bit inarﬁasnianfarnaaee&mhahgaana&ff&iém;e betwe-diyigp] es. As
illustrated in Figure 29, the presen I nvention maintains a 1:1

nmappi ngsschefBuedndor8EgBnleng to nei%ﬁabbﬁ- \ S 119D tHY edigREdRi N
regions of the 12 bit 359 inaggldistri ution?ﬁkgﬁécially in thogi portions
of the imbgp@pi andange where there is a high concentration of inmage

WD 97/ 41460 PCT/ US97/ 06256

-59-- dat a. méanshéorasamming, thee diffesrendenwainiem reduces t he

i mage resolution |evel for other portions of the dynamc range where
the image data is | ess concentrated. This has '

~48. A targeting and imaging system in accordance with claim
10 45, wherein said means for éxtracting a low frequency ‘
digital image comprises:
- -means for averaging each pixel value in the digital
. image with a plurality of pixel values for neighboring
pixels. '
15
49. A targeting and imaging system in accordance with claim
44, wherein said analog-to-digital conversibn means
cpmprises a number "n" of analog-to-digital converters
(ADCs), and wherein said signal processing subsystem
20 includes an ADC offset pattern removal means comprising:
means for geﬁerating "n* histograms, wherein each of
said n histograms reflects a dynamic range of pixel values
produced by a corresponding one of said "n" ADCs; |
means for adjusting a pixel offset coefficient for each
‘25 pixel associated with the corresponding one of said "n" ADCs
as a function of the dynamic range of the corresponding

histogram; and

T




the effect B° TR 2i ng overall inmage resolution despite 5 PFW(&‘JS”’OGZ“
limtations inposed by an 8 bit per pixel display devi ce.

Yet a fourth inage processing function is the subpi xel di t hering
function 2620. In the present invention, the FPA 2630 is a 512 X 512
staring array. However, only a 480 X 10 _480 portion of the staring array
Is used to generate the IR | mge because standard RS-170 displ ay

devi ces are capa r YSRARAINY 1050 YofBhet | BRELeini HRECedRhRes! ByaNY
event, the E%%?QEBSOﬁés a mﬁﬁg%mﬁngcﬁnde tﬁgt perﬁits aﬁ eveﬁséngﬁler

portion of theja&t gt Bhee viaQaté B edth 0D £ss8cidfed WBth24fel Mage can
be.read out in about 1/4 the anmount of tine required to read out the

480 X 480 i regerespondlifgedne of igaiadhtimn ADCKi ¢ adfanttgenobft BheFPA
wi ndowi ng capability and the FSM 415, provides a 2X enhanced i nmage
mode. Mdre corsespohddabl,yadijusteshipixel ef fifed 7€oeffitoienbe present 20
I nvention uses the FSM 415 to dither the LOS of the FPA by 1/ 2 the
center-t®-center detector spacing, both across and down, so as to

achi eve an enhanced 480 ‘X 480 i nage based upon the 240 X 240 i mage.
Prior nethod0 f orAi hargesidngg andagaaging tsystemt in REccosdanege vitibo cdaiim
typically result in a, loss of resolution. . For exanpl e, ,one such

techni que, &% |vhereinegaid mignajy processing  subsyetencinglingeseca

det ector rows to,crfaée Sn " odd" video, field, while the "odd" nunbered
detector roRubpixel ditber means, QMPEiISHIhe "even" video field. This 30

hni I ' f . 1 d1.V] b hal f h
| mmge data i< di SREFRBAEOR BORGERANLY ShittAnd PR BP0 abBPagRng e
, H | | t H G t !:] ? n n n n H d
1[i0\glsds.afq'lhi si%éégté héﬁﬁqa‘é‘o}lgllguleté |1n t‘Sa%J Icz[o?%fé vert?%gg ?gg%}uglggﬁfw%eo

e ST MRt RrBALIED ¢ et 4 Eie207) ABrating
the portion of the IR image with the horizontally shifted
portion of the IR image; |

means for vertically shifting the desired portion of
+15 the IR image by the same fraction of a pixel size;
means for horizontally shifting the vertically shifted
portion of the IR image by the same fraction of a pixel
size;
means for genérating a second video field by
20 integrating the vertically shifted portion of the IR image
with the vertically and horizontally shifted portion of the
IR image; and
means for electronically interleaving the first image

field and the second image field.

25

51. A targeting and imaging 5ystem in accordance with claim

50, wherein said means for horizontally and vertically

* [ L M s *
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- 60- at a position la, 2a,...240a, as illustrated in FIG 33. A
first step command is then added to the existing feedback cont rol
commands for the FSM 415. The step comrand causes the FSM 415 to dither
the LOS of the FPA 2630 to the right 5 by 1/2 the center-to-center
detector spacing. This results I n afew 240 X 240 i mage based on the

i xel | .al . i tion | b, 2b ... b jllustrated,in FIG 383.
T ' ABYEEiRs, khel BReiy e pimri s ok W o ipegBiPineRists 2T p.
... 240b ipterl d wi.th t i xel val t 10 iti | a,
2n. . 240R PP ORSERBELAR: AP ERH) 240 i mage, . - thus yielding a first 240

(vertical) X 480 (horizontal) image. This first 240 X 480 i mage
represents the "odd" video field. A second step command causes

the FSM 41gyto0 di EQ%&%&%&-%@&&&%{;F%:%G%% \Méqé’%é/f’q?gé%hvgmfhlégaﬁﬂe

center-to-center det eCt or spacl ng an

center st 0-££Nt §hereindghed @ighAACig¥boeBifihd Al et dhSiRE16885FRAahs NOW
at a position 1lc, 2c,...240c, as illustrated in FIG 33. After

i ntegrati nfloi hE6cuBREg, aneIRAAMayRY iEiwgnd causes the 20 FSM 415 to,
once again, dither the LOS of the FPA 2630 to the right by 1/2 the

cent er -t 0- cent emeadnsefbaer agjasting aclopticdhalodbeingSebémeéhe EPA 2630 is
at a position 1d, 2d,...240d, as illustrated in FIG 33. This inmage is
now i iphyralbtyand thmesi;xel values at positions |d, 2d,...240d 25 are
i nterl eaved with the pixel values at positions |c, 2c, ... 240c, thus
yi el di ng a secodd argayyedf: IRaidetectgy elements;

10 optics means for illuminating the array of IR detector
elements with a high frequency test pattern after each.
adjustment of the optical focusing element, wherein a random
phase felaﬁionship_exiSts between said test pattern and said
array of IR detector elements, and wherein said analog-to-

15 digitél converter converts an analog value associated with
each of saiad detector.elements to a corresponding digital
word;

means for generating a peak:contrast meésure based on
the digital words after each adjustment of the optical

20 focusing element; and

control means for generating a control signal which
controls said means for focusing the optical focusing

element, said control means being responsive to said means

for generating a peak contrast measure.

25

53. A targeting and imaging system in accordance with claim

52, wherein said means for illuminating illuminates said

AT




;(horizontalfv?ﬁgggﬁoThis second 240 X 480 i mage represents PEHUSY7MGH

.video field. The "odd" and "even" video fields are then interl eaved,

it hus yielding an 480 X 480 enhanced 30 inmmge of the original 240 X 240

i mge. One skilled in the ~art will readily understand that the
enhanced image is a 2X enhanced i mage_g{_-the original 240 X 240 w ndow.
O her image processing functions, such as the FLIR . focusing process,
support suchagghyysfemR aetditdt |Rdmensd higherrbaneacghtedes Yathadn
above. Referring back to FIG 11, the boresight reticle pattern 1100

contai ns a nuhiteh d8 a checkeMbHd pPftern comprising an array of

PCT/ US97/ 06256 -61- checker board
patterns. Thalthroetivelynidank ahidhrlight esqeares. are associated with the
FLI R focusing process for the WOV, while the four smaller, 700

m croradi an patterns are associated wth the FLIR focusing process for
the NFOV. 5 During the WOV and the NFOV focusing procedures identified
in FIG B2, Phe | R Sagoesing ond imagiRw/ sYstemnineacenrsdance MEARGIRIm

with the cor spogding cheg erboardéxuterns. |t s inmportant to note
that the wi dPhs oFEREITHEGRS maans Lfoxn gepsralEed od PREKFPANEZSSL nust be
of the detector elenents (i.e., the

smal | er thaqﬂ%%g wdeh 10, .
checker-to-c B P& 8 ice nust be smaller than the pi xel -t o- pi xel
di st ance) SO € gl r hase rel ationship between the
checker board pat tg%%ﬁ%ngoﬁhgeﬁ%%%?f%ag %\eesetsi#’r'f e%ohirﬁn?ﬂéﬁ Curye will
readily undeééﬁ?@gﬁiﬁgnggge%dyifayynﬁggsdggspnasurenents are taken based
on the values of thosZ pixels . _ .
10
55. A targeting and imaging system in accordance with claim
25, further comprising:
a housing assembly; and

a window associated with said housing assembly, through

15 which IR energy and laser energy pass.

56. A targeting and imaging system in accordance with claim
55, wherein said window comprises a plurality of window
panels angularly offset from'one another.

20
55. F targeting and imaging system in accordance with claim
56, wherein each of said window panels comprises:

an electromagnetic interference coating.

25 58. A targeting and imaging system in accordance with claim
56, wherein each of said window panels comprises:

a rain erosion protection coating.

* [ L M H] *




i 11 um nat ™0 dy4tsse checker board patterns as the FLIR f GaOTIUSYg/06356S €S

are adjusted. The position of the FLIR focusing lenses that yields the
best results will correspond wi th the peak contrast neasurenent. The
FLIR focusing 20 process will now be described in greater detai

her ei nbel ow. - FIG 34 is a flowhart illustrating the detailed

st eps * of the FLIR focusing process.”8% nentioned the FLIR focusi ng

process (i_.e., either the NFOY or the WFOV FLIR focysin rocess) .
Degi na wh&9 4 heh I$ELGRF 1801908 LMAGIAGEEUAR 1 heAgeardRnaeuRtn; Fiain

ing checker b tterns, . i | lustrated,in bl ock 3405. Th

pixel - val wir PSR ceach BE, BAE 1A BAPS)S | FEMBRAERS  boar d pat fer ne
th LEL k 34 t t

measurenent i s 4 R et opaF R EABLELR (BN <BAERG, °30 a1, using the

af orenenti oned pi xel values, by conputing - the difference between the
maxi mum r ecor ded pi xel val ue and the m ni num recorded pi xel value. The

FLIR fcugigng |£N585get 1ng" SnbiNs mBERMA et U At £8cbbasnce! W20R! 8164 as

illustrated in block® 34207 If addifional “contrast 35 neasurenents are

required, sig) 3pfeFaBnceavht BEt Baid ¥WERddWidhnels ObmpSEig€sksi on bl ock
3425, additional pixel values are 97/ 41460

PCT/ US97/ 06256 an interior anti-reflection coating. - 62- recorded and
addi tional contrast nmeasurenents are conputed. I f, however, additional
contrast measurenents are not required, in accordance with the "NO'
path out of decision
61. A targeting and imaging system in accordance with .claim.
10 55, wherein said window comprises:

an electro-magnetic interference (EMI) grid. -

62. A targeting and imaging system in accordance”with.glaim N
15 61, wherein said EMI grid comprises:
an array of circular grid elements, and wherein said
circular elements are éligned in rows and columns such that
on-axis electro-magnetic fadiation is permitted to pass
through the grid, and off-axis electro-magnetic radiation is

20 radially diffracted.

63. _A method of isolating an electrical fault in a servo
system comprising a servo motor, said method comprising the
steps of:

25

{a) generating a first current activation signal;

A




) | 14 . . . PCT/US97/06256
bl ock 3425,w 9gl4rm‘3ul ation data is plotted (i.e., the 5 contrast

_measurenent versus FLIR focusing | ens position), as il lustrated by

Y bl ock 3430, and the nodul ati on data points are connected by a best fit
pol ynom al curve, as illustrated by bl ock 3435. The maxi num nodul ati on
point is then determned (i.e., the pgak of the polynom al curve), as
10 illustrated in block 3440, wherein the nmaxi nrum nodul ati on poi nt
represents the FL{ | eastpoatingnat Earstoiciayenuiscdntrol méendeforFLI R

i mage focus. This process not only provides a clearer, nore
visual ly preci se igogductingl sarkrant! iimatee £ iarstordi mexcticn ethooaghghat
15 process and, ultinmately, a nore accurate FLIR-to-laser LCS.
Furthernmore, if there windbngahdotrhphassvcematiconsis presponse veenthiee
chécker patterns and the pixels, as discussed above, the recorded pixel
values will reflect a fixet ahrzent actdivatiivs signad cinderendent plittern
and nodul ating the 20 FLIR focusing | enses will not affect the contrast

| evel ofS t he recor@e¥vei Rero¥aphaft positioniThe present invention has
been described with reference to a preferred enbodi mnent. However, it
will be readily apparent to those skilled in the art that it is
possible to 25 epbody the ipyention in specific forms, other than the that
Bhich has been deld | [ORSEBERERABERERY iz TR RETIOAFLon B5nBL:
departing fromthe spirit of the invention. The preferred enbodi nent
descri bed above is nerely illustrative and shoul d not be considered .
restrictive in anysway. SGO t ' td | | b he
appended cl ai s, ta) r%‘f‘%—eragﬁgﬂ ?hggggégegﬁﬁgéé}géﬁﬁ%n%%ﬁsa??.}
vari at i{ogs and equj ' | 3W Bhigaddif T '

are intgded to be en#g@éﬁ@%%ggg}:%?réﬁlt 1 %%7/4146‘%1'}%@1015 h@fb%ﬁ
PCT/ US97/ 06256 the winding in the servo motor in response to the

second current activation signal independent of

servo motor shaft position; and

15 (e) determining whether a fault exists as a function
of an amount of current flowing into and out of

the first and the second current control means.

64. A method in accordance with claim 63, wherein the servo
20 motor is a dual-phase motor, and the first and the secénd

‘current control means are pulse-width modulated amplifiers.

65. A method in accordénce with claim 63, wherein the servo
motor is a three-phase motor, and the first and the second |

25 current control means are pulse-width modulated amplifiers.

S
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-63- WERPTHESEL Al VED | S: 1. A targeting and i magi n@CIVISIBNG256
aonpri si ng:. a forward-looking infrared (FLIR) optical subsystem
for receiving infrared (IR) energy froman area of interest 5 (AQ),
and for generating an IR imge of the AO; and a |laser optica
subsystem for generating | aser energy for illumnnating at .l east one
object in the AO and for recei vi ng84aser energy reflected by said at
| east one erein .the |laser ﬁytical sunggtenland

C in

bij t: 10
the FLIR 66 opki BSEBOdpips AERPTARASS, Mishy S AT &3 pdbergin the Sexvop
the FLI o+ opt 598 ANGALS ih the sepven
argeting. aadofgLg SYSLIM LRABRCRLIAICC d Tl % {Boe and: AOCLELRLF

current contrcl means are linear amplifiers.

5 67. A method in accordance with claim 63, wherein step (e)
it is determined whethexr one of a motor winding short
circuit, a motor winding short-to-ground, a motor winding
open circuit, an amplifier short circuit, or an amplifier

‘open circuit exists.

i0
68. A method of isolating an electrical fault in a servo
system comprising a servo motor and an amplifier, said
methéd comprises the steps of:

15 {a) generating a first current command;

(b) activating a current control means for conducting
current in a first direction through a motor
winding in response to the first current command

20 independent of servo motor shaft position;

. {e) determining whethexr an amount of current flowing
into the first current control means is greater
than a predefined threshold;

25 |

(d} determining whether the amount of current flowing

out of the first current control means. is zero;

* c L M S *




L

a | aser recevlw\?gr moch receives said | aser energy reflect%‘&r’[@”gﬁ?ﬁ at

Ieast one obj ect. 3. Atargeting and i magi ng systemin accordance
With claim 20 2, wherein the laser transnitter is a ND: YAG | aser _
transmtter. 4. A targeting and i magi ng systemin accordance with
claim 2, wherein the |aser -receiver cgaprises; 25 a laser range
recei ver; and a laser spot tracker. . .

- 64- 5. A taeget igetednt intP G SN S F FeR€ COLHMARA ;W th claim

(f£) activating a second current control means for
conducting current in a second direction through
5 the motor winding in response to the second
current command independent of servo motor shaft
position;
(g) determining whether an amount of current flowing
into the seéond current control means is greater

10 than the predefined threshold;

(h) determining whether the amount of current flowing

out of the second current control means is zero;

15 (i) determining whether an electrical fault has
~ occurred in the amplifier or whether an electrical
fault has occurred in the motor winding as a
ﬁghdtibn of the amount of current flowing.into and
out of the first and the second current control

20 _ means.

69. A method in accordénce with claim 68, wherein said step
of determining whether an electrical fault has occurred
comprises: |

25 _ determining the fault to be a motor winding short

circuit fault if:

| RN O DA




2, wherein woeolqssr transmtter transmts mid-wave IR SPOIVUBS1/06256 5

6s -Atargeting and inmaging system conpri sing: a forward-| ooking
infrared (FLIR) optical systemfor receiving infrared (IR) energy from
an area of interest (AAQ); a FLIR optical imager for
generating an IR image with 10 the IR energy received fromthe AQ, _
wherein saird FLIR optical imger is-&éanged to receive said IR energy
from the FLIR optical system " a laser transmtter;, '
a laser receiver: and 15 the amgupf gf; curnegnt § N GMtR Faid dpegus
fromsaid | gser transnitter to_a desi,red target Jlocated in the AO

and for  EOF endyRETaS cF LERE: GYTRERY AR IR IR a1 PREAE RS
the AO to id la receiver, ' wherein said FLIR optical system
and said Iai:g’fretﬁﬁ?s'ﬁé' and

the amount of current flowing into said means
5 for conducting second current is greater than the predefined

threshold.

70. A method in accordance with claim 68, wherein said step
of determining whether an electrical fault has occurred
10 cbmprises: |
determining the fault to be a motor winding short -to-
ground fault if:
the amount of current flowing into said means for
conducting first current is greater than the predefined
15 threshold, and
the amount of current flowing into said wmeans for

conducting second current is zero.

71. A method in accordance with claim 68, wherein said step
20 of determining whether an electrical fault has occurred
comprises:
determining the fault to be an amplifier short
circuit fault if: o | |
~ the amount of current flowing into said means
25 for conducting first curfent is greater than the predefined

threshold, or

-—
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20 share a WOHHMSi t ch bearing, such that all optical el emenPET/USIN06256

I ndi vidual |y subject to pitch rotations are comonly shared by said
'FLI R optical systemand said | aser optics. 7. A targeting and

i magi ng systemin accordance with claim 25 6, wherein the optical elenents
shared by said FLIR opti cal -system agd_said l-aser optics means

I ncl ude: WO 97/ 41460

PCT/ US97/ 06256 g i :

means for optically stabiliz?%% ?%%u%%t?gafurrent F%&g@“?h&ﬁ?ﬁrﬁ?ﬁéﬁ§g§§%s

in response ¥R FLLBRRA NG |4d€ond currht SiBhhreBitbeh thag] LHE PrERA 1003

5 8. A targeting and 1 naging systemin accordance with claim
threshold,

but not if both are greater than the

5 predefined threshold.

72. A method in accordance with claim 68, wherein said
steps of determining whether an electrical fault has
occurred comprises:
10 determining the fault to be a motor winding open
.circuit fault if: |
the amount of current flowing into said means
for conducting first current ié not greater than the
predefined threshold, and
15 : the amount of current flowing into said means
for conducting seéond current is not greater than the
predefined threshold, and
the amount of current flowing out of said
means for'conducting first current and said means for

20 conducting second current is zero.

73. A method in accordance with claim 68, wherein said step
of determining whether an electrical fault has occurred
comprises: |

25 determining the fault to be an amplifier open

circuit fault if:

A
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7, wherei nwWnen41860 cal el enents comonly shared by sai d FLI RecT/uso7/0656 cal
system and said | aser optics further include: a pitch/yaw

af ocal ; and a fast steering mrror (FSM. 10 9. A
targeting and i magi ng systemin accordance with claim 7, wherein said
derol | means conpri ses: a-deroll prism 15 10. A targeting
and i magi mg systemin accordance wth cl-&&m 6, wherein said FLIR
-optical system conpri ses: a pitch/yaw afocal conprising_a
plurality of I|enses vwEhehameups £Ff SwEERRh Bring cinee sald weans

| aser ener and the LR energy; 20, a FLIR field of, view (FOV)
system whi %1? Lonfueking first SE‘%\?&?Q"— ASFMAE FHGET | P RS ew ( NFOV)
and a FLIR\MfEiF field of .view (WOV), wherein said FLIR FOV systemis

optically ned  Hrresheffy afigf ocal

_ the amount of current flowing into said means
5 for conducting second current is not greater than the
predefined threshold, and
the amount of current flowing ouﬁ of said
means for conducting first current or said means for

conducting second current ‘is not zero, but not both.

10
74. A method in accordance with claim 68, wherein saié step
of determining whether an electrical fault has occurred
- comprises:
identifying a no fault condition if:
is : the amount of current flowing into said means

for conducting a first current is not greater than the
predefined threshold, and

the amount of current flowing into said means
for conducting a second current is not greater than the

20 predefined threshold, and

the amount of current flowing.out of said
means for conducting a first current and the amount of
current flowing out of said means for conducting a second

current are both not zero.

25
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a derol | pr‘l"sor?l7/4clﬁl468 25 a fast steering mrror (FSM. PCT/US9AG56

97/ 41460 PCT/ US97/ 06256

- 66- 11. Atargeting and i magi ng systemin accordance with claim

10, wherein said FLIR FOV system conpri ses: : optics which

mai ntains a real entrance pupil and a regg- exit pupil in an

i nternmedi ate focal plane. 5 12. A targeting and imaging systemin
accordance wsth gl fefhod off.idolEdtiflg G IéESrical fault anFhl Rh@m!s
assenbly for focusing the IR inmge, said FLIR i mager being optically

coupl ed to sgbteml tBmpriiisdalg al Gerays myvcandarsdi an Faml bpieedl saigper; and

method comprising the steps of:

S (a) generating an activation signal for a pair of
-drive transistors which controls current flow in a
first direction through a winding in the multi-
phase motor, said pair of drive transistors
comprising an upper drive transistor and a ;ower

10 drive transistor;

(b) determining whether an amount of current flowing
.through the upper drive transistor is greater thén
a predefined threshold;
15 |
- {c) determining whether an amount of current flowing

through the lower drive transistor is zero;

{(d) .generating an activation signal for a second pair
20 of drive transistors which controls current flow
in a second direction through the winding iﬁ the
multi-phase motor, said second pair of drive
transistors comprising a second upper drive
transistor and a second ldwer drive transistor;

25
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~

a FLIR det o on41déi ch generates an el ectronic r epr esent BCT/O8Y206256he - | R

i.mage, said FLIR detector being optically coupled to said FLIR i nmager
through a FLIR i mager/detector interface. 15 13. Atargeting and
I magi ng systemin accordance with claim 12, wherein said FLIR i nager
and said FLIR detector each contain_a collimating lens for collimting
the IR energy t hat passes through rRB-FLIR | mger/detector interface.
20 14. A tarqgeting and, i pjagi ng systemin accordance with cl.aim

12, wherein sai deL| [GeksTRIBING WEFRgT, an amount of GurTemt FIGHING ane
array, a coqling.assenbly; and 25 ..__an_atmspheri,c
absor pti on band, mn(ﬁhE? %réhe S¥¢°n8VEP§?F4?£6Ue EranSistsy 'is

PEIAEESFA06256 greater than a predefined threshold;
5 (f) determining whether an amount of current flowing
through the second lower drive transistor is zero;

and

(h)  determining the electrical fault condition as a
10 function of the amount of current flowing through
the upper drive transistor and lower drive

transistor for each drive transistor pair.

76. A method of isolating an electrical fault in accordance
15 with claim 75, wherein step {(h) it is determined whether one

of an amplifier short circuit, a motor winding short

circuit, a motor winding-to-ground.short circuit, an

amplifier open circuit, or a motor winding open circuit

exists.

20 |
77. A method of determining a fault to be an electrical
fault in a.servo system comprising a servo motor and a
linear amplifier, said method comprising the steps of:

25 (a) determining an amount of source current applied to

a first linear amplifier and a second linear

amplifier, wherein said first and said second

* [+ L M H *




-67- wo7/alMe0ar get i ng and i magi ng system in accordance RCHPSO7A6:36

6, wherein said | aser optics conpri se: a pitch/yaw afocal ;

| aser focus optics which focuses the | aser energy, said 5 laser focus
optics being.optically coupled to the pitch/yaw af ocal ;

conbi ned optics for directing the |aser engrgy into said | aser

recei ver, *said conbi ned optics being opti Ci % coupled to said | aser

f tics; 10 d

(FSM : and A Eofgt nenpli E3frs azs eecﬁosnﬁ&%%‘ié?seﬁéés&ﬁg”ﬁw
dj h I h d

adj ust s the po ar| tlog%ﬁélg okg&er gﬂgug¥rosal conpensat or bei ng

connected to said conbi rough s prism 15 and said
FSM and connected to said |aser transmtter.

(b) generating a first voltage command such that the
5 first linear amplifier generates more voltage than

the second linear amplifier;

(c)l determining an amount of current flowing out of
the second linear amplifier; .
10 -
(d) generating a second voltage command such that the
second linear amplifier generates more voltage

than the first amplifier;

15 (e) determining an amount of current flowing out of

the first linear ampiifier; and

(f) isolating the electrical fault as a function of

said amount of current flowing out of the first

20 linear amplifier, the amount of current flowing
but.the second linear amplifiér, and the amount of

source current.

78. A method of isolating an electrical fault in accordance
25 with claim 77, wherein step (f) it is determined whether one
of a motor winding open circuit, a motor winding line-to-

line short circuit, a motor winding line-to-ground short

e
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16. A tary@9M44@nd i magi ng systemin accordance with cl ai leCTUSI7HE256

:wherein said | aser receiver conprises: a | aser range receiver
(LRR); and 20 a |l aser spot tracker (LST). 17. A targeting
and inmagi ng systemin accordance with claim -~ 16, wherein said conbined
optics means conpri ses: . nmeans for steering the | aser energy
inside said 25 conbined optics neans; afd- an LST/LRR swi tch

means for directing Ia%Fr energg'inéo : one of the LRR.,and the LST
WO 97/ 41460Circuit, a linear amplifier transistop ¢pgio¢igchit. a

68 191 el {1 &P L IR 002V ShST ' 81 28G2ET20E° aM ez M

amplifier output bond wire open circuit exists.

5 79. A method of isolating an eiectrical fault in accordance
with claim 77, wherein the step of isolating the electrical
fault comprises the step of:

determining the fault to be a motor winding open
circuit fault if:
10 ‘the amount of current flowing out of the first
linear amplifier is equal to a shunt current, -
the amount of current flowing out of the second
linear amplifier is equal to the shunt current, and
the amount of source current is equal to the shunt

i5 current.

80. A method of isolating a faﬁlt to be an electrical fault
in accordance with claim 77, wherein the step of isolating
the electrical fault compriées the step of:
20 determining the fault to be a motor winding line-to-
line short circuit fault if:
the amount of current floWing out of the first

linear amplifier is equal to an expected amount of current,
and

25 the amount of current flowing out of the second
linear amplifier is equal to the expected amount of current

and there is erratic motion or no motion of the motor shaft.

* [ L M S *




17, wherei WO ans for steeri ng the | aser energy inside PCT/US2/R6256

conmbi ned optics means conpri ses: a pair of Risley prisns. 5

* 19. Atargeting and i nmaging systemin accordance with claim 17,
wherein said LRRLST switch neans conprises: - an optica
waveplate. ~ .10 20. A targeting and imagigig systemin accordance with
claim 15 wherei n said conpensator neans conpri ses: a pair

of optical waygpl atgesndPhoddbEsisBlathty an e@.‘é‘c@:&*l@l Wit t1e 4886Fdance
energy to ensure that a sufficient anount of | aser energy passes

through the dep@ld d¥a4HH 72N0whdRein thedspep off idcllainy ithe éDéctrical
steering the | aser energy. - 21. Atargeting and imaging systemin
accordance w tfaitltaidemprisés vher stepsofd | aser optics neans conprises:
determining the fault to be a motor winding line-to-
5 ground short circuit fault if:
the amount of current flowing out of the first
linear amplifier is equal to zero, and
the amount of current flowing out of the second

linear amplifiexr is equal to zero, and

10 the amount of source current is not equal to zero.

82. A method of isolating an electrical fault in accordance
with claim 77, wherein the step of isolating the electrical
fault comprises the step of:

15 determining the fault to be a linear amplifier
transistor open circuit fault if:

the amount of current flowing out of the first

linear amplifier equals an expected amount of current and
the amount of current flowing out of the second linear

20 amplifier eguals zero, or
' the amount of current flowing out of the first
linear amplifier equals zero and the amount of current
flowing out of the second linear amplifier equals the
expected amount of current. |

25
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a pitch/ yeoouismeal ; 20 | aser focusing optics whi ch Foweusy7iogsssl aser

. ener gy, said | aser focusing optics being optically coupled to the
pit ch/yaw af ocal ; means for reflecting the |aser energy into said
| aser recei ver neans fromsaid | aser focus neans; 25 a derol
prismoptically coupled to said neans for reflecting | aser energy into
said | aser receiver neans; -94-
- 69- a fast steering mrror (FSM optically coupled to said derol
prism and 83. A metbagepfaisclatiidly arealeqtwicatefauitr dp actcaiamstes
the polarization of the |aser energy, said conpensator being connected to

sai d FSM arkitl ghadm Fder vhezedm tthe stepof isolaking| hRjeasd eokagianl

systemin ggco dance wth cI%inlzl, w@grein said | aser receiver conprises:
ault comprises the step of:

determining the fault to be a_linear amplifier short
5 circuit fault if:
the amount of current flowing out of the first
linear amplifier equals an expected amount of current and
the amount of current flowing out of the second linear
amplifier is greater than a maximum allowable amount of
10 current, or
the amount of current flowing out of the first
" linear amplifier is greater than the maximum allowable
amount of current and the amount of current flowing out of .
the second linear amplifier equals the expected amount of

15 current.

84. A method of isolating an electrical fault in accordance
with claim 77, wherein the step of isolating the electrical
fault comprises the step of:
20 determining the fault to be an amplifier output bond
wire open circuit fault if:
- the amount of current flowing out of the first
linear amplifier is equal to zero, and
the amount of current flowing out of the second
'25 7 linear amplifier is equal to zeroc, and

the amount of source current is equal to zero.

[
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a conbi nedawioe5t460ange recei ver (LRR)/ | aser spot tracker (LSIT?."’US”ioa‘.zs‘ A
targeting and i maging systemin accordance with claim 22, wherein said LRR
is a pin diode; wherein said LST is a quad-cell receiver; and wherein said
LRR and said LST are conbined into a single unit, such that said LRR is

| ocated at the center of said LST. 24. targetlng and i magi ng system

I n accordance mnth claim?21, wherein said % npensat or conpri ses: a

pair of optical pI at es \/1\_/1(% Cﬁ%@di%iaé pQﬁaéfLéé _,L_«Q@_-a(%f ,gﬁlqgg aSera

energy to coﬁ?ro aser energ passes throug e derol

prism and ris rmSt&e" 1 Bai ahgﬁﬁgyyt@yergy
25. A targ?ﬁFﬁ@’ 5 %Fr?‘a;gﬂ@%%“ %o%%ﬁ‘glﬁg * forwar d- | ooki ng
i nfrared (FLI@Q %g heans for steering an infrared (I R) |ine-of-sight
(LCS) t owar d§C8FaESTTE0 area of interest (AA), for receiving IR energy

fromthe AQ, for diQQuSidihd RS ldkeier syr gefletatifgnar iveg aunpncal

I mge of the AQ; WO 97/ 41460
PCT/ U897/§)625@tivatlon signal; ~ - 70- a
| aser transmtter; © T4 laser range receiver (LRR); a | aser spot

tracker (LST); angheans for akeiving i csrreansihoa fueetlm;ngdtmnn tlosoughch
that the transmtted | aser energy
a winding in the servo motor, responsive to said first
current activation signal;
second control means for generating a second current
10 activation signal;
means for dri#ing current in a second directién through
the winding in the servo motor, responsive to said means for
- generating a second current.activation-signal;
means for determining whether a fault exists as a
15 function of an amount of current flowing into and out of

said means for driving the first current and said means for

driving the second current.

86. An apparatus in accordance with claim 85, wherein the
20 servo motor is a dual-phase motor, and said means for
driving the first current and said means for driving the

second current are pulse-width modulated amplifiers.

87. An apparatus in accordance with claim 85, wherein the
25 servo motor is a three-phase motor, and said means for
- driving the first current and said means for driving the

second current are pulse-width modulated amplifiers.

- —
-
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I um nat eswex974a4@t a portion of the AQ, for receivi ng | asacIevs?@§2s6and
for directing the received | aser energy into the LRR and the LST,
wherein said FLIR optics neans and said | aser optics nmeans share a single

pitch bearing, and wherein the IR energy and the | aser energy pass
t hrough a common aperture. - 26. A targeting and i magi ng systemin
accordance-with claim25, further conprisiT#- LOS correction neans

for adjusting the IR LOCS and the laser LOS, and, for mnim zing dynam c LOS
al i gnment err8fs bARWBPRAREUSR MR caRFdance Jikh claim 85, whegedpnghend
I magi ng systemin accordance w th ¢laim25, wherein said |OS correction
means conpri SERTVO MOLOTOIA @S RANRrRIAGE HOHE, AT BALY URRBSFERR

5§ ndi vi dual 15 ERRCER SiFat AR G (4d meand Eop 851 fingothe

PCT/ US97/ 0625 . . -71- 28. A targeting
-and i magi ng s§§F8ﬂPiﬁ“ﬁ%@@FdSﬁEb¥ﬁqﬁ?§n%ﬁﬁ%1fler%7, wherein the shared
optical ekenents include: a pitch/yaw afocal; a derol

prismfor  optically stabilizing the IR inmge 5 about the roll axis in
response to FahR LER Bbpalta?d@¥ &n accordance with claim 85, wherein said

fault comprises a motor winding short circuit, a motor
winding open circuit, an amplifier short circuit, or an

amplifier open circuit.

10
90. An apparatus for isolating an electrical fault in a
‘servo system comprising a servo motor and an amplifier, said
_apparatus comprising:
means for generating a first current command;
15 means for conducting current in a first direction

through a motor winding, wherein said means for conducting a
first current is responsive to the first current cémmand;
- means for determining whether an amount of current
flowing into said means for conducting the first current is
20 greater than a predefined threshold;
. means for determining whether the amount of current.
flowing out of said means for conducting the first current
is zero; |
means for generating a second current command;
25- - means for conducting current in a second direction

through the motor winding, wherein said means for conducting

% c L N S *




per t ur bat WO#gM140q a fast steering mirror (FSM tREEYBHAE high
frequency vibrations in the IR LOS and the |aser LCS. 10 29. A
targeting and i magi ng systemin accordance with claim 26, wherein said
LOS correction nmeans conpri ses: a plurality of ginbal assenblies;
a deroll prismthat for optically stabilt?éng the IR | mage about the
‘roll axis in response to FLIR LOS pitch angl e perturbations;

afast stecthad LA LipLeheltEeReBbUAdnR Ghe ecdhd! GubpBAL N the

IR LOS and aser ratlon I sol at1 on nmeans
attenuatlng %ﬁy& frequency V|brat|ons and structural bending forces.
20 rgetlng and i magi ng systemin accordance with claim

29, Whefe' n sai d pddHAEOR A60LehiaInERWHete® ARSMAME of current
. flowing into said means for conducting the second current is
§ greater than the predefined threshold;
 means for determining whether the amount of current
flowing out of said means for conduciing the second current
is zero;
means for determining whether an electrical fault has
10 occurred in the amplifier or whether an electrical fault has
occurred in the motor winding as a function of the amount of
g"current'flowing into. and out of said means for conducting
the first current and said means for conducting the second
current.
15

91. An apparatus for isolating an electrical fault in
. accordance with claim 90, wherein said means for determining
whether an.electrical_fault has occurred comprises:
| logic means for determining the fault to be a
20 motor winding short circuit fault if: |
the amount of current flowing into said means
for conducting the first current is greater than the
-predefined threshoid, and |
the amount of current flowing into said means
25 for conducting the second. current is greater than the

predefined threshold.

* [ L M 3 *




optical |IWOHUAEEE bed. 25 31. A targeting and i magi ng EYISUSI06256

: accordance with claim 25, further conprising fault isolation neans for
i sol ati ng an electrical fault in a servo system conprising a servo

WD 97/ 41460 _ PCT/ US97/ 06256

-72- notor and an anplifier, said fault isolation neans

conpri ses: first means for drivP®g current in a first direction

t hrough a wﬁndingﬁgn t he servo_notor; ond, means for driving

current in a%secHRd 3WBRAATHH for 1??&%§Eﬂ9tﬁ% %E%GFHQC? fABlSedPo notor;
00 ervo BeSERRA AT 2o hArPE R e AR AP 8he2ining
whether an electrical fault has occurred comprises:
logic means for determining the fault to be an
5 amplifier short circuit fault if:
| the amount of current flowing into said means
for conducting the first current is greater than the
predefined threshold, or
| the amount of current flowing into saiq means
10 for conducting the second current is greater than the
! predefined thresholqd, | |
but not if both are greater than the

predefined threshold.

15 93. An apparatus for isolating an electrical fault in
accordance with claim 90, wherein said means for determining
whether an electrical fault has occurred comprises:

logic means for determining the fault to be a
motor winding open éircuit fault if:

20 the amount of current flowing into said means
for conducting the first current is not greater than the
predefined threshold, and -

the amount of current flowing into said means
for conducting the second current is not greater than the

25 predefined threshold, and

I




f1 ow ng i nVQ YHIH% i r st and said second means for drivi ng 15%??7«4%,56 and
as a function of the current flow ng out of said first and said second

means for driving current. 32. Atargeting and i magi ng systemin
accordance with claim 31, wherein said fault isolation nmeans further
conprises: 15 a first and a secondggeans for each winding in the

servo notor. 33. Atargeting and imagi ng systemin accordance with

claim 32, wherein the g cgm@rofsc@rﬂeak fﬂaﬁﬁnb%%ed@téyld 20
and the anpllfler is a pul se-w dul ated anplifier.

targeti ng apdan¥BEoRd cordiRidy aHOrHoRse vhibefit ahAH sa1d3_ﬂbe_a)H§9_riQizﬂ the
servo notor 1s a three-phase torque notor, and the anplifier is a

pul se-wi dt hephdukttied ahd idecdnd Arrent is zero.

5 94. An apparatus for isolating an electrical fault in
accordance with claim 90, wherein said means for determining
wheﬁher an electrical fault has occurred comprises:

| logic means for determining the fault to be an
amplifier dpen circuit fault if:

10 , the amount of current flowing into said means
for conducting the first current is not greater than the
predefined threshold, and

the amount of current flowing into séid means
for conducting the second current is not greater than the

15 predefined threshold, and

the amount of current flowing out of said
means for conducting the first current or said means for

conducting the second current is not zero, but not both.

20 95. An apparatus for isolating an electrical fault in
accordance with claim 90, wherein said means for determining
whether an electrical fault has occurred comprises:

logic means for determining that a no fault
condition exists if:

25 _ the amount of current flowing into said means
for conducting the first current is not greater'than the

predefined threshold, and

L) 0




WO 97/ 41460 97/41460 ' PCT/ US97/ 06 388 use7/06256

-73- 35. Atargeting and i magi ng systemin accordance with claim

32, wherein the servo notor is a si ngl e phase torque notor, and the
anpllfler is a linear anplifier. 5 36. A targeting and jnmaging system
I n accordance with claim .31, wherein said neans for isolating a fault
bet ween the .anmplifier and the servo-¥-or as a function of the anmount
of current flowng into said first and second neans, and as a
function of the current fl M?lgamnﬁf o aFHTERNSt EARVING GRES 19Ridemeans
conpri ses: | a first input resistor connected betmeen a

vol t age foxogpaduptd nghitthe seeondafyrrent is not greatepddinnithet

resi stor connected between the
predefgned threshold, and

the amount of current flowing out of said
5 means for conducting the first current and the amount of
current flowing out of said means for conducting the second

current are both not zero.

96. _An'apparatué for isolating an.electrical.fault in a
10. servo gystem comprising a servo motor and an amplifier, said
apparatus comprising: .
control logic means for generating an activation signal
for a pair of drive tramsistors which control current f;pw
in a positive diréction through a motor winding, said pair
15 of drive transistors comprising an upper drive transistor
and a lower drive transistor;
means for determining whether an amount of current
flowing into the upper drive tfansistor is greater than a
predefined threshold; '
20 | means for determining whether an.émount of current
flowing into the lower drive transistor is zero;

. control logic means for'generating an activation signal
for a second pair of drive transistors which control current
flow in a negative @irection through the motor winding, said

25 second pair of drive transistérs comprising a second upper

drive transistor and a second lower drive transistor;

* [ L M S *




vol t age soWOP43468 sai d second neans; and 15 an 85?’613?7'?6@? st or
connected between said first and second neans and ground. 37. A
targeting and i magi ng systemin accordance with claim 36, wherein said
fault isolation means further conprises: 20 a first and a second
means for each winding in the servo,pgtor. 38. A targeting and

I magi ng systen1|n accordance with claim 31, wherein: 25 sai d

first means for Eﬁbngo(furdrept@rrdl%ﬁ\é I8t her aﬂ' Eﬁﬁh‘r&n JENQiSedthe

winding in the s@?vo not or
PCT/ US97/ 06898ying into the second upper drive transiétor is greater

than a predefined threshold;
means for determining whether aﬁ amount of current
5 flowing into the second lower drive transistor is zero; and .
means for determining the electrical fault condition as
a function of the amount of current flowing into the upper
drive traﬁsistor and lower drive transistor for each drive
transistor pair.
10
97. An apparatus for isolating an electrical fault in
accordance with claim 96, wherein said electrical fault
comprises an amplifief short circuit, a motor winding short
circuit, a motor winding-to-ground short circuit, an

15 amplifier open circuit, or a motor winding open circuit.

98. An apparatus for isolating an electrical fault in a
servo system comprising a servo motor and a linear
amplifier, said apparatus comﬁrising:

20 supply current sensing means for determining an amount
of supply current applied to a first linear amplifier and a
second linear amplifier, wherein said first and said second
linear amplifiers are connected to opposing ends of a motor
Winding;

25 control means for generating a first voltage command
such that the first linear amplifier generates more voltage

than the second linear amplifier;

* c L L] H *




a first | w9w41468p| i fier connected to a first end of tMMEI/UBIT6RRS,

:a first return current sensing resistor connected bet ween said first
| i near anplifier and ground, 5 a second linear anplifier
connected to a second " end of the w nding, a second

return current .sensing resistor connectiﬁ bet ween said second |inear
anplifier”and ground, a~R@it resistor connected in paral | el

with the 10 w nding, . voltage source_connected to the
i nput of the cuﬁﬁéﬁﬁ %ﬁﬂP%Qﬁa@ﬁﬁﬂﬁmﬁ%?ré%ﬁgﬁﬂbp%?gefg ?HPBB§h° suppl y
e SRS hek R s Mk of, tye sesone IR bR SRLETEONS [
o " s AT A ALY L0 EBoRa% b R CBlniald 0
such that the second linear amplifier generates more voltage
5 ° than the first amplifier;
current sensing means for determining an amount of
current flowing out of the first linear amplifier; and
logic means for determining the electrical fault,
without a test load and a test load relay, as a function of
10 the amount of current flowing out of the first linear ‘

amplifier, the amount of current flowing out the second

linear amplifier, and the amount of source current.

- 99.  An apparatus for isolating an electrical fault in
15 accordance with claim 98, wherein the electrical fault
comprises a motor winding open circuit, a motor winding
line-to-line short circuit, a motor winding liﬁe—to—ground
short circuit, a linear amplifier transistor open circuit, a
linear amplifier transistor short circuit, or a linear

20 amplifier output bond wire open circuit.

100, An apparatus for isolating an'electrical fault in
accordance with claim 98, wherein said logic means for
igsolating the electrical fault comprises:

25 logic means for determining the fault to be a motor

winding open circuit fault if:

% [ L M S *



39. A targe?’f‘ﬁﬁ”ﬁlﬁﬁoi magi ng systemin accordance with claim 2"(5‘-""'3‘?,7’06256

wherein: sai d second neans for driving current in a second
~direction through the winding in the servo notor conpri ses: :

the first linear anplifier connected to the first end of the w nding,
25 . the first return current sensifg resistor between - sai d
first linear anplifier and ground, 97/ 41460

PCT/ US97/ 06256 . the amount of current flowingout of the first!he
second linear anplifier connected to a second end of the w nding,

the second ratifdns€ WSl £ $6ASLBJeHARNSEY DYMBAN curres®) d second |inear
anplifier and ground,

10

15

20

25

the amount of current flowing out of the second

linear amplifier is equal to the shunt current, and

the amount of source current is equal to the shunt

current.

101. An apparatﬁs for isoclating an electrical fault in
accordance with claim 98, wherein said logic means fo;
isoclating the electricél fault comprises:
logic means for determining the fault to be a ﬁotor

winding line-to-line short circuit fault if:

the amount of current flowing out of the first.
linear amplifier is equal to an expected amount of current,
and _

the amount of current flowing out of the second
linear amplifier is equal to the expected amount of current

and there is erratic motion or no motion of the motor shaft.

102. An apparatus for isolating an electrical fault in
accordance with claim 98, wherein said logic means for
isolating the electrical fault comprises:
logic means for determining the fault to be a motor
winding line-to-ground short circuit fault if:
| the amount of current flowing out of the first

linear amplifier is equal to zero, and

* [ L M S *




5 WO T#68 0l t age source connected to the input of tRETAUSI7/06256 St

and the second linear anplifiers through the supply current sensing
resi stor, and control circuit nmeans for biasing the first

| i near anplifier and the second |inear anplifier such that the 10
second linear anplifier produces a higher voltage output t han t he
first linear anplifier. 40. A1nﬂ¥ﬁﬁ1ng and i magi ng systemin
accordance with claim 31, wherein: said neang for isolating
a fault between the aripfifpepnt o ‘éHHr?ﬁE §&W&%ﬂﬂt é%fae’ﬁsl?%rﬁ%?%?\dof the

anount of igrrent %%élomﬁng i nto id first aQE second neans, and as a
functi on ST 1Pt Heht I%ﬁ?ﬁb Bt 26F°<a®% i rst and second neans

COMPri S5 20 = e e (AAVEHE Vo UBbERLeS BB RANS 0o dlRL PTUL N0 2

vol t age proporti onal tRe-anoun ow ng
supply current sensing resistor, and

5 103. An apparatus for isolating an electrical fault in
accordance with c¢laim 98, wherein said logic means for
isolating the electrical fault comprises:

logic means for determining the fault to be a linear
amplifier transistor open circuit fault if: ‘
10 the amount of current flowing out of the first
linear amplifier equals an expected amount of current.and
- the amount of current flowing out of the second linear
- amplifier equals-zero, or
the amount of current flowing out of the first
15 linear amplifier equals zero and the amount of current
- flowing out of the second linear amplifier egquals the

expected amount of current.

104. An apparatus for isolating an electrical fault in
20 accordance with claim 98, wherein said logic means for
isolating the electrical fault comprises:
. logic means for determining the fault to be a linear
amplifier short circuit fault if:
the amount of current flowing out of the first
25 | linear amplifier equals an expected amount of current and

the amount of current flowing out of the second linear

N




return curﬂgﬁgngﬁﬂging means for determning a vol t age 6F36§?’F%ﬁ%|
the anobunt of current flowng 25 through the first and the second return
current resistors. WD 97/ 41460

PCT/ US97/ 06256 - 76- 41. A

targeting and imaging systemin accordancgsdth claim

supply current sensing neans conprises: a current sensing
anplifier. Zmp13fi%r Ad a5aeites ehani HeahRImAS bl Mowalier aimtanae of t h

claim

a current serSiregtanddfier.

38, wherein said return current sensing neans conpri ses:
43. A targeting and inmaging systemin

accordance with claim

10

15

20

25

the amount of current flowing out of the first
linear amplifier is greater than the maximum allowable
amount of current and the amount of current flowing out of
the second linear amplifier equals the expected-amount of

current.

- 105. An apparatus for isolating an electrical fault in

accordance with claim 98, wherein said logic means for
isolating the electrical fault comprises:
logic means for determining the fault to be an

amplifier output bond wire open circuit fault if:

the amount of current f£lowing out of the first
linear amplifier is equal to zero, and

the amount of currenﬁ flowing out of the second
linear amplifier is equal to zero, and

the amount of source current is equal to zero.

106. A method comprising the steps of:
converting an array of analog image data values into a

digital image éomprising an array of pixei values,

sharpening the contrast of'thé digital image data with

a two-dimensional (2D) ‘sharpening filter.

* C L M H *
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38, wherein said



10 25, fuMW8M4Mehpri sing a boresight subsystem that incl ud@CT/US97/06256

means for projecting IR energy through a reticle pattern onto a focal
pl ane array; nmeans for aligning the IRLOS with a plurality of IR
openings in the reticle pattern; 15 nmeans for receiving | aser energy
passing into the bor esi ght subsystem t hrough a | aser opening in the.
reticle - pattern, wherein the |aser 6HHﬁTng has | ateral edges that

Teans for tFBs! & MpHoR YR tee oeasRtRapa g 1ot dag, ifiFt D cknLd
open 19, 219B8e} i Vildriiifig s, cqrrsRELES She R "l haegr 1O
cor Fospands CHTER IR T SEBEEEEY ™ 1" Uotection by said means for
receiving laser e¥treting a low frequency digital image from the
5 digital image;
extracting a high frequency digital image from_the
digital image;
adjusting a low frequency digital image gain to high
f:equency digital image gain ratio; and ‘
10 combining the low frequency digital image and the high

frequency digital image.

108." A method in accordance with claim 107, wherein said
step of sharpening the contrast of the digital image further
15 comprises the step of:l
measuring a contrast value for the digital image,
wherein said low frequency digital image gain to high
frequency digital image gain ratio is adjusted as a function

of said contrast value.

20
109. A method in accordance with claim 108, wherein said
step of measuring a contrast value comprises the steps of:
generating a difference value for adjacent pixel
values; and
25 -+ summing the difference values.
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-77- 44, A targeting and i maging systemin accordance with claim _
25, further conprising a signal processing subsystemthat i ncl udes an
analog-to-digital converter for converting the optical image into a
digital inage. 45. A targeting anggiyragi ng systemin accordance with
claim 44, wherein said signal processing subsystemincludes a two-

di mensi onal 1§8D) ashethea fid Ricoxdands iwilth claim 107)eqheredn edidcting
a low frequency digital inmage from 10 the digital imge; means

for extractspgpacli ektivaemisnrcia digw tfrtequengey digitadmimbgedicgintptisemge;
nmeans for adjusting a relative gain between the | ow frequency digital
i mge and tthehsgepf oEguency digital inmage

averaging each pixel value in the digital image with

5 each neighboring pixel value.

.111. A methoé of sharpening the contrast of an.input digital
image comprising an array of pixel values, said method
comprising the steps of:

10 extracting a low frequency digital image from thé input
digital image, said low frequency digital image combrising

- an array of pixel values;
extracting a high frequency digital image from the
input digital image, said high frequency digital image

15 comprising an array of pixel wvalues;

determining a difference value between adjaceht pixels
along each row of the input digital image;

determining a contrast measure for thelinput digital
image by summing the difference valﬁes;

20 adjusting a low frequency digital image gain to high
ffequency digital image gain ratio as a function of said
contrast ﬁeaéure; and

combining each pixel value in the low frequency digital
image with a corresponding pixel value in the high frequenc&

25 digital image.
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15 to pr oWxy/44460adj ust ed | ow frequency digital image and RCT/US97/08286ust ed
high frequency digital imge; and - means for conbining the

adj usted | ow frequency digital i mage and the adjusted high frequency
di gital image. 20 46. "Atargeting and imagi ng systemin accordance
with claim 45, wherein said 2D sharpen filter further conprises:
nmeans for nmeasuring a contrast val ue f ofO8ne digital | mge, wherein

e e 2t L4859 et Y5 AR U o1y P nER0s s Sha U
- 78- 47. A targeting.and i i system in accordance with claim
46, wher ei i€Ri BEERNE oL R P d S HRPAGIGEr AL thdge domprises
the step of:
replacing each pixel value in the input digital ihage
5 with a low pass value based on each pixel value and a

plurality of neighboring pixel value.

113. A method in accordance with claim 111, wherein said
‘step of extracting a high frequency digital image comprises
10 the step of: |
generating a difference value between each pixel ﬁalue :
in the input digital image and a corresponding pixel value

in the low frequency digital image.

15 114. A method in accordance with claim 111, wherein said
step of combining the low fregquency digital image with the
high frequency digital image comprises the ste§ of:

summing each pixel wvalue in the low frequency digital
image with a corresponding pixel value in the high frequency

20 digital image.

'115. In an imaging system comprising a number "n®" of analog-
to-diéiﬁal converters (ADCs), wherein each of the "n" ADCs
converts every nth row or nth column of analog image data
"25 into digital image data,“a method of removing ADC offset
pattern differences from a digital image comprising the |

steps of:

M) AT RO




conpri ses:
-5 val ues ¢
-and

targeting
means for
nmeans for
plurality
targeting

. sai d anal o

anal og-t o-
processing
conpri si ng:

10

15

20

25

WOSTHMI460 1 ans for determining a difference bet welF A gr L&

orrespondi ng to nei ghboring pixels in the digital | mge; ’
means for summi ng the difference val ues. 48. A

and inmagi ng systemin accordance with claim 10 45, wherein said

extracting a | ow frequency &gjtal ‘i mage conpri ses:

aver agi ng each pixel val ue in th& I gital i mge with a

of pi xel Yot Aol ghpor d, hRr&8hS eaclp f the %n A

and inag?%% syste in accorda c%maitﬁ Fé& sacre j%ereln

g- tﬁlgFQ I QRS ) am1c raﬁQEDBEsﬁﬁx%anQ%ﬂé bréduced

digta onverters and wherein said signal

SUB?Yﬁtéﬁkf@%pdﬁ&iﬂbﬁbﬁﬁldixb@iaseh"pabbern removal means
adjusting a pixel offset coefficient for each pixel
associated with one of said "n" ADCs as a function of the
dynamic range of the corresponding histogram; and
removing ADC offset pattern differences by adjusting
each pixel value associated with said one of said "n" ADCs
as a function of the corresponding, adjusted pixel offset

coefficient.

116. A method in accordance with claim 115, wherein said
step of adjusting a pixel offset coefficient comprises the
steps of:

determining an average pixel value (H,) for the
corresponding histogram;

determining an average pixel value (H) based on the
pixel values in each of the "n" number of histograms; and

adjusting a pixel offset coefficient as a function.of
the difference between the average pixel value (H,) for the
corresponding histogram and the average pixel value (H)

based on the pixel values in each of the "n" histograms.

117. A method of enhancing a portion of a digital image
comprising an array of pixel values, said method comprising
the steps of?

~extracting a desired portion of the digital image;

[
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means forwg@e7a1460i ng "n" hi stogranms, wherein each of BCW/US97/06256

-hi stograns reflects a dynam c range of pixel val ues produced by a
correspondi ng one of said "n" ADCs; means for adjusting a pixe
of fset coefficient for each 25 pixel associated with the correspondi ng
one of said "n" ADCs as a function of the dynam c range of the

- correspondi ng hi st ogram and -110-wo 97/41460

PCT/ US97/ 06256 means
for renoving ADROBEFSBEAMAY: i fhiing the degsired POrW%s?fneh?he val ue of
each pixel associated wiih the corr pondln one, of said "n" ADCs as

a functi orftgitat image Py, ADs AR e‘?érlﬁ KR FLRFLIPRRE BOBEXRR| ent .

50. A tarqﬁgégg.and i magi ng systemin accordance with claim

integrating the desired portion of the digital image
5 with the horizontally shifted portion of the digital image
to produce a first image field;
vertically shifting the desired portion of the digital
image by a fraction of a pixel height,
" horizontally shifﬁing-the vertically shifted portiqn of
10 the digital image by the same fraction of a pixel width;
integrating the vertically shifted portion of thé
digital image with the vertically and horizontally shifted
portion of the digital image to produce a second image
field; and
15 interieaving the first image field and the second image

field.

- 118. A method of focusing an image in an optical imaging
system comprising a focus target, an optical focusing
20 element and an array of detector elements, said method
comprising the steps of:
_ adjusting the optical focusing element a plurality of
times; |
illuminating the array of detector elements with a high
25 frequency test pattern after adjusting the optical focusing
element, such that a random phase relatiohship exists

between the test pattern and the array of detector elements;

AT



44, wherein P&7414§hal processi ng subsystem incl udes a  RfptiPsagreease
di t her means conpri sing: means for horizontally shifting a
portion of the IR 10 inmage by an anount equal to a fraction of a. pixel
Si ze; means for generating a first video field by integrating
the portion of the IRimge with the horlzo¥iflly shifted portion of
the IR inage; means for verticalTy shifting the desired portion

of 15 the IR imgg, ?Ve&@?ﬁgagﬁefQQQ eoﬁﬁﬁédiéyéﬁ”wfﬁﬂeeach d?teﬁtorneans

for horizontally shit verti cal portion o

| mge by the‘%ﬁ@héﬁ@fﬁbog EBFgeggéﬁhﬁng qiYital word;  [TEANS for

generating a secon eo fre Intégrating t tically shifted

portion of the IR Ig@ﬂsranngwat thb.%a‘é@:r eGdhive %Eté‘h@réé?ﬁ‘é@ihg ghef ted
portion of the R i mage; and means for electronically
interleaving tckpciuﬁtfcaageng elefmealtdbakeéd vh FHONdigiege woedd; and
5 generating an optical focusing element control signal
for controlling the adjustment of the optical focusing

element as a function of a peak contrast measure.

119. A method in accordance with claim 118, wherein the high
10 frequency test pattern is a checkerboard pattern comprising

an array of alternatively light and dark squares.

120. A method in accordance with claim 118, wherein said
step of generating a contrast measure comprises the steps
15 of: |
measuring a maximum intensity value from among the
corrésponding digital words;
~ measuring a-minimum intensity value from among the
cdrresponding digital words; and
20 determihing the contrast measure as a function of the
difference between said maximum intensity value and said

minimum intensity value.

121. An apparatus for processing an image comprising:
25 analog-to-digital conversion means for converting an
array of analog image data values into an array of digital

image data; and
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25 . Voo 9mMdsar geti ng and i magi ng systemin accordance VRGTUSITH6266 :

. 50, wherein said neans for horizontally and vertically WO 97/ 41460
PCT/ US97/ 06256 : - 80- shifting.the

desired portion of the IR inmage conprises a fast steering mrror.

52. A targeting and inmaging systemin accordance with claim 5 44, wherein

sai d signal processing subsyst em i ncl od#&3-nmeans for focusing an IR

| mage conpri sing:

o el nds-re: . .
20 olr ol 1o vhinergdonal Sharpen, ¥iibey Wadite ot cEparSERnBIERS

contrast of the digital image data.

122. An apparatus in accordance with claim 121, wherein said
5 2D sharpen filter means comprisés:
means for extracting a low frequency digital image from
the digital image;
means for extracting a high fréquency‘digital image
from the digital image; .
10 means for adjusting a low frequency image gain to high
frequency image gain ratio; and .
means for combining the low frequency digital image and

the high frequency digital image.

15 123. An apparatus in accordance with claim 122, wherein said
2D sharpen filter means further comprises:
means for measuring a contrast value for the digital
imége, wherein said low freqﬁency image gain to high
frequency image gain ratio is adjusted as a function of said

20 contrast value.

124. An apparatus method in accordance with claim 123,
wherein said means for measuring a contrast value comprises:

means for summing pixel-to-pixel difference values.

25
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f 10 op‘tvpcgg"“ﬁ?gns for illum nati ng the array of IR det ect DFT/USITI06256

elements with a high frequency test pattern after each adj ust nent of
“the optical focusing elenent, wherein a random phase rel ationship
exi sts between said test pattern and said array of IR detector

el enments, and wherein said anal og-to- 1511ngitaI converter converts an
anal og val ue associated with each of said detector elenents to a

correspondi ngpgli g aépparatw dn accordanceBaEhf81agANERAl | WletelPisaid
contrast measure based on the digital words after each adjustnent of

the optical mefnsfeepsertracting a A frequency CAigiealnemagefl or
generating a control signal which controls said neans for focusing the

optical focusbmigrises:€lenent, said control means being responsive to said
means for generating a peak contrast measure. 25 53. A targeting
and i magi ng syst emeansacoar dxecagiingh edal pixel ﬁﬁiuehenethe56191Maans for

|Ilun1nat|ng I1lumnates said
5 image with each neighboring pixel value.

126. An apparatus for sharpening the contrast of an input
digital image comprising an array of pixel values, said
apparatus comprising:.
10 means for extracting a low frequency digital image from
the input digital image; |
means for extracting a high frequéncy digital image
Erom the.input digital image;
means for determining a difference value between
15 ‘adjacent pixels along each row of the input digital image;
means for determining a contrast measure for the input
digital image by summing the difference values;
means for adjusting a low frequency digital image gain
to high frequency digital image gain ratio as a function of
20 said contrast measure; and |
means for combining the low frequency digital image

with the high frequency digital image.

127. An apparatus in accordance with claim 126, wherein said

25 weans for extracting a low frequency digital image

comprising:

-
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:-81 - array of IR detector elenents high frequency test pattern
which is a checkerboard pattern conprising an array of alternatlvely
dark and |ight squares. 5 54. A targeting and inmaging systemin
accordance with claim 52, wherein said neans for generating a peak
contrast’ measur e conpriseS' -114- neans for generating a best
fit polynom al curve ' t he contrast_neasures. 55.

A targeling andoHeRrag SEEM FARNCIBEdoR BaARE S5 SRELACIngseachy  hor

Coﬁpr'“'“£ixe1 value in the input digital image with a low pass pixel
value, wherein each low pass pixel value is a function of
each pixel value and a plurality of neighboring pixel

Y values.

126. An apparatus in acchdance with claim 126, wherein said
means for extracting a high frequency digital image
comprises:

10 : means for removing the low frequency image from the

input digital image.

129. An apparatus in accordance with claim 126, wherein said
meaﬁs for combining the low frequency digital image with the
15 high frequency digital image comprises: |
means for summing each pixel in the low frequency
digital image with each pixel in the high frequency digital

image.

20 130. In an imaging system comprising a number "n" of analog-
to-digital converters (ADCs), wherein each of the "n" ADC
converts every nth row or nth colﬁmn of analog image data
into digital image data, an apparatus for removing ADC
offset pattern differences from a digital image comprising:

25 means for generating "n" histograms, whereln each of
the "n" histograms reflects a dynamic range of pixel values

produced by a corresponding one of said "n" ADCs;

I
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a housing assenbly; and a W ndow associated with sai ousi ng

assenbly, through 15 which IR energy and | aser energy pass. 56. A
targeting and i magi ng systemin accordance with claim 55, wherein said
wi ndow conprises a plurality of w ndow panel s angul arly offset from

one another. -20 57. A targeting and-1k®gi ng systemin accordance with
claim 56, wherein each of said w ndow panels conpri ses: an

el ectromagnetic | meamserkow adiusting a p2gelspffset aepffiivient fongeagh
systemin accordance with claim 56, wherein each of said w ndow panel s
conprises: Ppixel assm:eatrﬁc?er%%rp@eopécsaéd ¢odt ARES as a funey Do 44860

PCT/USQ?/OGZS%e dynamic range of the corresponding histogram; and
. means for removing ADC offset pattern differences by
5 adjusting each pixel associated with said one of said "n"

ADCs as a function of the corresponding adjueted pixel

offgset coefficient.

131. An apparatus in accordance with claim 130, wherein said
10 means for adjusting the pixel offset coefficients compfises:
means for determining an average pixel value (H,) for
each of the "n" histograms;
means for determining an average pixel value (H) based
on the pixel values in each of the "n" histograms; and
5 means for adjusting the pixel offset coefficients as a
function of the difference between the average pixel value
(#,) for the corresponding histogram and the average pixel

value (H) based on the pixel values in each of the n

histograms.
20
132. An apparatus for enhancing a portion of a digital image
comprising:
windowing means for extracting a desired portion of an
input digital image;
25 means for horizontally shifting the desired portion of

\\!\\\\3\\\\\1\\\}}\\\\!\\ L




-82- WO 9244480t i ng and i magi ng system in accordance wiRGFE§IA0AS6
56, wherein each of said w ndow panels conprises: a durable
antireflection (DAR) coati ng. 5 60. A targeting and imaging systemin
accordance with claim 56, wherein each of said w ndow panel s

conpri ses: an interior anti-reflgction coati ng. 61. A

targeting and i nagi ng systemin accordandd®iith claim 10 55, wherein said

ui ndow CoMp | sesycane for gelibaAlidld URANAL Cihole £PLERCE (EMLGELLdng

62. A targeting Fmagli ng system 1= accordanc t

ﬁﬁﬁik?s?agﬁﬁ%ﬁé%ﬁﬁ giggrtii%‘i‘é of the inpufifdg@YwPinCth&UhaEidbhally
shifted portion of the input image;
means for vertically shifting the desired portion of
5 the input. image by the same fraction of a pixel height,
means for horizontally shifting the vertically shifted
portion of the input imége by the same fraction of a pixel
height, and
means for genefating a second image field by
10 integrating the wvertically shifted portion of the input .
image with the vertically and horizontally shifted portion
of the input image; and
means for interleaving the first image field and the
second image field.
15
133. An apparatus in accordance with claim 132, wherein said
means for horizontally and vertically shifting the desired

portion of the input image includes a fast steering mirror.

20 134. An apparatus for focusing an image in an optical
imaging system comprising an optical focusing element and an
array of detector elements, said apparatus comprising:

means for adjﬁsting the optical focusing element a
plurality of times;

25 : means for illuminating the array of detector elements
with a high frequency test pattern after adjusting the

optical focusing element, wherein a random phase

mMmmmm
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circular elenents are aligned in rows and col ums such that on- axi s

el ectromagnetic radiation is permtted to pass t hrough the grid, and
bff-axis el ectromagnetic radiation is 20 radially diffracted. 63.
A method of isolating an electrical fault in a servo system conpri si ng
a servo notor, said nethod conprising the-i17- steps of: 25 (a)
generating a first current activation signal; WO 97/ 41460

PCT/ US97/ 06256elationship exists between the test pa®Bern and the afithy
activating a first current control nmeans for conducti ng

current in a éfrdétdcteat edenentmpgh a
analog-to-digital conversion means for converting the
value associated with each detector element to a
5 corresponding digital word;
means for generating a peak contrast measure after
adjusting the optical focusing element based on the digital
words; and
means for generating aﬁ optical focusing element
10 control signal which controls said means for adjusting the
optical focusing element as a function of a peak contrast

measure.

135. An apparatus in accordance with claim 134, wherein the
15 high frequency test pattern is a checkerboard pattern

comprising an array of alternatively dark and light squares;

136. An apparatus in accordance with claim 134, wherein said
means for generating a contrast measure comprising:
20 means for measuring a maximum intensity value from
among the corresponding digital words;
means for measuring a minimum intensity value from
'among the corresponding digital words; and
means for determining the contrast measure as a .
25 function of the difference between said maximum intensity

value and said minimum intensity wvalue.
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wi ndi ng i nWRE46%, 5 nptor i n response to FTHES SHEET HAS BEENOI POT/YSIPIO6A36 1 ent

activation signal independent of 5 REBIAGED not shaft position;
(c) generating a second current activation strgmar (d)
activating a second current control nmeans for 10 conducti ng

current in a second direction through _118-
servo notor in response to the

: ! second curren”mwnilumer‘ il
si gnal |nd %%dg{}'v\hg 1cal %ngxﬁgf‘?%v% ) cﬁs"ﬁft posi

(e) determni'n s -as

amount of curreg:%é&q&ég égggmgﬂg;out of the first and the
n

second current co 64. A nethod in accordance with claim

63, wherein the é%ﬁmov?flaé@éeiatédawiw afﬁsqaduaﬂig #dsehbey ! | £ALoABH

t he second
.which optical energy passes; and

5 - means for transmitting on-axis optical energy through

the window and for radially diffracting off-axis EMI.

138. An optical imaging system in accordance with claim 137,
- wherein said means for transmitting on-axis optical energy
10 is an electromagnetic interference grid that is integrated

into the window.

139. An optical imaging system in accordance with claim 138,
wherein the EMI grid comprises an array of circular grid

15 elements which are aligned in rows and columns.

140. A method of aligning first radiation from a first
source with-secon& radiation from a second source, said
method comprising the steps of:

20 aligning the first radiation with a plurality of
openings in a reticle pattern, said plurality of openings
being spaced away from a centrally located opening;

projecﬁing said secénd radiation through an opening in
the reticle pattern, wherein the opening has lateral edges

25 that.project radially inward toward the centrally located

opening;

-
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current cont?%ﬁ means are pul se-wi dth nodul ated anplifiers. 65. A

met hod in accordance wth claim63, wherein the servo notor is a

4 hree-phase notor, and the first and the second 25 current control neans
are pul se-wi dth nodul ated anplifiers. - WO 97/ 41460

PCT/ US97/ 06256 -119- - 84- 66. A net hod
I n accordance with claim 63, wherein the servo notor is a single-phase
motor, and the finstargilhteg secpach of safidr eecorwhtraoliaehos aneilli dearis
anplifiers. 5 67. A nethod in accordance with claim63, wherein step
(e) - it icoitetictaritheaei tines hbatenal oédgepoand wi ndi ng short

circuit, a notor winding short-to-ground, a notor w nding
translating said path toward the centrally located

opening along the lateral edge toward the centrally located

5 opening.

141. A method in accordance with claim 140, further
comprising the step of:
translating a path of said second radiation along the
10 lateral edge of the opening until the energy is coinciaent
with an inner edge of the opening;
translating said path in accordance with a number of
grid positions; and_
aligning the path in accordance with the grid position
15 that results in a peak energy detection through the

centrally located opening.

142. A method in accordance with claim 140, wherein the
first radiation is infrared radiation.

20
143. A method in accordance with claim 140, wherein the

second radiation is laser radiation.

144. A method in accordance with claim 140,'wherein said
25 plurality of openings, through which said first radiation

passes, are of equal distance from the centrally located

opening. -
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open circui VO ifier short circuit, or an anplifier  PCTHROHOBISECyi t
exists. 10 68. A nethod of isolating an electrical fault in a servo
system conprising a servo notor and an anplifier, said met hod
conprises the steps of: 15 (a) generating a first current
conmmand,; (b) activati-ng alﬁggégnt control nmeans for conducting
current ina first direction through a winding in

response {9 ddie £ 13! r6iA2AL1600HBE iglarea (rm frMREHRNg oF ServO

not or shaf t” posi rmnin an anount of

o ent 1 epibar sonstpg,eyscklh ! Bl L GRS Bace.
sight (LOS) and laser LOS comprising the steps of:
projecting infrared (IR) energy from an IR energy
5 source through a reticle pattern onto a focal plane array;
aligning the IR LOS such that a maximum amount of IR
energy passes through a plurality of peripheral openihgs in
the reticle pattern, wherein the peripheral openings are of
equal distance from a centrally located opening;

10 projecting laser energy from a laser transmitter
through one of a plufality of wedge-shaped openings in the
reticle pattern, wherein each of the wedge-shaped openings
has lateral edges that project radially inward toward the
centrally located opening;

15 translating the laser LOS until it is coincident with a
lateral edge; and

translating the laser LOS towaxrd the centrally located

opening along the lateral edge.

20 146. A method in accordance with claim 145,.further
comprising the steps of: |
‘translating the laser LOS along the lateral edge until
the laser Lds is coincident with an inner edge of the one
wedge-shaped opening;
25 translating the laser LOS in accordance with a number

of grid positions; and

-
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(d) detern1n|ng W%ether the amount of current fl owi ng od?mof

the first current control neans is zero; WO 97/ 41460

PCT/ US97/ 06256 -85- _ (e)
generating a second current comrand,; (f) activating a second
current control mneans for -f£ppducting current in a second
di rection through 5 the notor winding in response to the
second alignimy reé  taserndosndapaedeiidaiice aiitth NEROrgsaf t
posi tion; (g) determ ning whether an anount of current flomnng

i nto the secpoditionethatonteshleaibn aspegakalaserl@nergy detecﬁh@m the

pr edefi ned threshol d;
. through the centrally located opening.

5 147. A method in accordance with claim 145, further
comprising the step of:

focusing the IR energy.

148. A method in accordance with claim 147, wherein said
10 step of focusing the IR energy comprises the steps of;‘
projecting IR energy through an array of square'
openings in the reticle pattern, such that a high frequency
test pattern appears on the focal plane array;
adjusting an IR energy optical focusing element a
15 plurality of times;
| generating a contrast'ﬁeasure for the high frequency
test pattern after each adjustment of the optical focusing
element; and
| focusing the IR energy as a function of a peak contrast

20 measure.

149. A method in accordance with claim 148, wherein the high
frequency test pattern is a checkerboard pattern comprising

an array of alternatively dark and light squares.

25
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(h) det er miVKPAY41¥8®t her the anobunt of current flowi ng PCT/US97/0625¢t
of the second current control neans is.zero; 15 (1) determning
whet her an el ectrical fault has occurred in the anplifier
or whet her an electri cal fault has occurred in the notor

wi ndi ng- as a function of ége anount of current flowing into
and out of the first and-{4e second current control 20

TS o AR T HETORE b D BPRRRERR BB B et SRy P
determ ning,dfied 4! in' Gpp&rariB! ear%wgagnahgrtmst drldrgy lsdpbl 1T
with a second energy source, said apparatus comprising:
means for aligning the first energy source with a
- 5 plurality of openings in a reticle pattern such that said
plurality of openings in the reticle pattern are of equal
disténce from a centrally located opening;
means for projecting energy from the second energy
source through an opening in the reticle pattern, whereig
10 the opening has lateral edges that project radially inward
toward the centrally located opening; ‘
means for translating the energy from the second energy
source until it is coincident with a lateral edge; and
‘means for translating said energy toward the centrally

15 1located opening along the lateral edge.

151. An apparatus in accordance with claim 150, further
comprising:
means for translating a path of said second radiation
20 along the lateral edge 6f the opening until the energy is
céincident with an inner edge of the opening;
‘means for translating said path in accordance with a
number of grid poéitions; and | |
means for aligning said path in accordance with the
25 grid position that results in a peak energy detection

through the centrally located opening.
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WD 87/ 41460 O T - PCT/ US97/ 06256 CT/US7106256

- 86- the anobunt of current flowng into said neans

for conducting first current is greater than the predefined t hreshol d,
and t he amount of current flowing into said neans 5
for conducting second current is greater i@ the predefined

t hreshol d. 70. A nmethod in accordance with claim 68, mhereln said
step of 10t eram fﬁd‘_fﬁhi@ﬁweina@cébeahhbéahﬁhu lclalias 1 unvitedre R the
conpri ses: etermning the fault. to be a notor mnndlng short-to-
ground fault fifftst energy sourcetbe anvinfrareduenerigy lsatirtgejnto said
nmeans for conducting first current is greater than the predefined 15

t hreshol d, and
153. An apparatus in accordance with claim 150, wherein the

5 second energy source is a laser transmitter.

154. In a forward-looking infrared (FLIR)/laser based
optical imaging system, an apparatus for boresighting IR
line-of-sight (LOS) and laser LOS comprises:
10 - IR energy source means for projecting infrared (Ié)
energy through a reticle pattern onto a focal plane afray;
IR optics means for aligning the IR LOS such that a
maximum amount of IR energy passes through a plurality of
peripheral openings in the reticle pattern, wherein the
15 peripheral openings are of equal distance from a centrally
located opening;
laser transmitter means for projecting laser energy
through one of a plurality of wedge-shaped openings in the
reticle pattern, wherein each of thé wedge-shaped openings
20 has lateral edges that project radially inward toward the
centrally located opening; |
laser optics means for translating the laser LOS until
it is coincident with a lateral edge; and
laser opticé means for translating the laser LOS toward

25 the centrally located_opening along the lateral edge.
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t he anount WRIU#A&Nt flowing into said nmeans for condu®GTHESITEEHEd
current is zero. 71. A nethod in accordance with claim®68, wherein
said step 20 of determ ning whether an electrical fault has occurred
conpri ses: determining the fault to be an anplifier short
ciorcuit fault if: ' Eg% anount of current flowing into -
said neans 25 for conducting first curr % Is greater than the predefined

Lg}?igg;?b%§§6 An appéggég£4§662cc0rdance with cla%%7%54, further

the.anDuntcghﬁyygégg flowing into said neans

first laser optics for translating the laser LOS along
the lateral edge until the laser LOS is coincident with an
5 inner edge of the one wedge-shaped opening;
second laser optics for translating the laser LOS in
accordance with a number of grid positions; and
means for aligning the laser LOS in accordance with the
grid position that results in a peak laser energy detection

10 . through the centrally located opening.

156. An apparatus in accordance with claim 155, wherein tﬁe
laser optics means for translating the laser LOS comprises a
pair of Risley prisms.
i5
© 157. aAn apparatus in accordance with claim 154, further
comprises:

means for focusing the IR energy.

20 158. An apparatus in accordance with claim 157, wherein said
means for focﬁsing the IR energy comprises:

IR energy source means for projecting IR energy through
an array of square openings in the reticle pattern, such
that a high frequency test pattern appears on the focal

.25 plane array:;
means for adjusting an IR energy optical focusing

element a plurality of times;

* < L M H *




; WO 97/41460 . _ PCY/US97/06256
for conductﬁﬂ%gsecond current is greater than the predefined

threshol d, but not if both are greater than the - 5
‘predefined threshol d. ' 72. A nmethod in accordance with clai m &8,
wherein said steps of determ ning whether an electrical fault has
occurred conprises: 10 deternnpegrg the fault to be a notor

w ndi ng open circuit fault if: t he anount of
current flow ng indansafdrngenerating faorcormncast i mgaguret four thet higmot
greater than the predefined threshold, and 15 t he
anount of cufirenieridpwiegti patteand afitars each ddjustmenttofigtkecoptical
current is not greater than the predefined threshol d, and

t he anount doausimgteléwentg epd of said means for conducting first

current and said neans for . ]
means for focusing the IR energy as a function of a

5 peak contrast measure.

159. An apparatus in accordance with claim 158, wherein the
high frequency test pattern is a checkerboard pattern

comprising an array of alternatively dark and light squares.
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20 conduct VRS48nd current is zero. 73.

with claim68, wherein said step

fault has occurred conprises: 25
be an anplifier open circuit fault
PCT/ US97/ 06256

~the anount of current flow ng into said neans for con
current is not greater than the predefi ned threshold
t he amount of current flowing into said means 5
current is not greater than the
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predefi ned t‘r‘\‘r’%gﬁgl‘g? and _ the amount of clTERY /06256

fl ow ng out of said means for conducting first current or said neans
fror conducting second current is not zero, but not both. 10 74.
A method in accordance with claim68, wherein said step — of "determ ni ng
whet her "an electrical fault has occurred CONPri S€S: This Shect Has Been Replaced
identifying a no fault condition if: 15 t

current flow ng into said nmeans for conducting a first mlIHMI{HI‘IMMt
greater than the predefined threshold, and

amount of current flowi ng into said neans for conducting a second
current is not greater than the 20 predefined threshold, and

t he amount of current flow ng out of said means for conducting a first
current and the anmount of current flé%ﬁqgggut of said neans for
conducting a second

. A




current are WRY4HO zero. 25 WD 97/ 41460 PCT/US97/06256

PCT/ US97/ 06256 - 89- 75. A et hod
of isolating an electrical fault in a servo system conprising a serv
notor and an anplifier, said met hod conprising the steps of: =~ 5 °
(a) generating an activation signal for a pair of 7 drive
transistors which controls current flowin a This SHebt/Haik Been Replaced
direction through a winding in the multi- i d
pair of drive transistors conprising an upq

transistor and a lower 10 drive transistor,;
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(b) determ YR her an amount of current flowing PCT/US97/06256

through the upper drive transistor is greater than a
predefined threshold; 15 (c) - determ ning whether an anount of _
current flow ng through the | ower drive fransistor is zero;

(d) generating an activation signal for a second pair ZQ‘hiSSheetHasBeenRBﬁlaced

drive transistors which controls current fl ow
direction through the winding in the mul ti - aid

second pair of drive transi stors conpri sing upper
drive transi stor and a second | ower drive transistor; 25
W97/ 41460 PCT/ US97/ 06256
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- 90- woyf’%‘)“‘heterm ni ng whet her an amount of current fPONMUSY06256

t hrough the second upper drive transistor is greater than a
predefined threshol d; 5 (f) determning ‘whet her an anount of
current flow ng t hrough the second | ower drive-transistor is
Zer o; and (h) determ ning thenggsglctrl cal fault—
condition as a 10 function of the anmpbunt of cu Rb@aced .
t hr ough t he upper drive transistor and Iome

transi stor for each drive transistor pair. 76. A y |ng
an electrical fault in accordance 15 with claim 75, wherein step (h

det er m ned whet her one
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-

of an anplifie? SR6P? circuit, a notor winding short ci r c RGT/USITERS6,

wi ndi ng-t o- gr ound short circuit, an anplifier open circuit, or a notor
wi ndi ng open circuit exists. 20 77. A method of detern1n|ng a
fault to be an electrical fault in a servo system conprisi Ng a Sefvo—__
notor and a . i near anplifier, said nethod conpr|5|nglmh6m§h%g§ of

25 (a) determ ning an amount of source current appl

a first linear anplifier and a second |inear /W?ﬂ’lﬁ#’wﬁ’l
wherein said first and said second WO 97/ 41460

PCT/ US97/ 06256 -91-

linear anplifiers are connected to opposing ends

@ [a=,
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of a single Y BP 7 Eh4A ng; (b) generating a first vVBCTRS$/06256
command such that the 5 first linear anplifier generates nore
vol tage than - : the second linear anplifier; (c)

determ ning an anount of current flow ng out of t he second
laced

l'inear anplifier; 10 (d) generating a second vpiidsheH

such that the . second |inear a r4jer genera e
than the first anplifier; 15 (e) et efm ni ng anli '
current flow ng out of the first linear anpli y

(f) i'solating the electrical fault as a function of sai d
anount of current flow ng out of the first
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; WO 97141460 .
20 Iinear anplifier, the anount of current flow ng PCT/US97/06256
sour ce

qut the second linear anplifier, and the anount of
current. 78. A nmethod of isolating an electrical fault in accordance
25 with claim77, wherein step (f) it is determ ned whet her one of a

notor wi nding open circuit, a notor winding-line-to-. line short
circuit, a notor winding |ine-to-ground short WO 97/ 41460
: -92- circuit, a

PCT/ US97/ 06256
| i near anplifier

| inear anplifier transistor open circuit, a
transi stor short circuit, or a linear anplifier output bond wire open

circuit exists.
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5 79. A meYR3H*HE%i sol at | ng an electrical fault in accor dancRCT/USITAMRS6h
claim?77, wherein the step of isolating the electrical fault conprises
t he step of: determning the fault to be a notor w ndi ng open
circuit fault if: 10 t he amount of current flow ng out of the
first linear anplifier is equal to a shunt current,

t he amount of current flow ng out of the second linear anplifier is
equal to the shunt current, and t he anmount of source
current is equal to the shunt 15 current. 80. A nethod of .
isofating a fault to be an electrical fault in accordance with claim
77, wherein the step of isolating the electrical fault conprises the
step of: 20 ) determning the fault tq be a notor winding |line-to-
line short circuit fault if: - /%h%armunt of current flow ng
out of the first
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| i near anpl i‘Y?g{mﬁgoequal to an expected anount of current, PCT/FY7/06256

the amount of current flow ng out of the second linear anplifier is
‘equal to the expected anmpunt of current and there is—erratic notion
or no notion of the notor shaft. WD 97/ 41460 Thi T
PCT/ US97/ 06256 | - 93- . This SheatiHas Beayatehng,;
of isolating an electrical fault in accordance wth cllm [ n
the step of isolating the electrical fault conprises t | I( I
determining the fault to be a notor winding |line-to- 5 ground short
circuit fault if: t he amount of current flow ng out of the
first linear anplifier is equal to zero, and
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the anpunt OVO®#H48At f| owi ng out of the second | i near amE/¥$92/06156

equal to zero, and 10 t he anbunt of source current is not equa
10 zero. 82. A nethod of isolating an electrical fault in accordance
with claim77, wherein the step of isolating the electrical faul t
conprises the step of: 15 determning the fault Tobe—a-itnear._
anplifier transistor open circuit fault if: " ‘This Sh t he anpunt
of current flowi ng out of the first | i near anplifier S :26en Replaced
expected anmount of current and t he amount of currentI \

the - second linear 20 -anplifier equals zero, or ' unt
of current flowi ng out of the first | rnear anplifier equals zero and

t he amount of current flow ng out of the second linear anplifier
equal s the expect ed anount of curreht/zs%g

1o
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"WOO7/ 41460 WO 97/41460 - PCT/ US97/ 062%‘[‘[[)897!06256

-94- - 83. Anethod of isolating an electrical fault in accordance
-with claim77, wherein the step of isolating the electrical faul t
conprises the step of: . _uﬂ——detern1n|ng the fault to be a linear
anplifier short ™~ 5 circuit fault t he amobunt of  current

fl owi ng out " of thmJShéesHasBee“R ar arrpl I fier equals an expected anmount of
current and rrent flow ng out of the second |inear
anplifier is great m al | owabl e amount of 10 current, or

t he.amount of curr omnng out of the first i near anplifier is
greater than the nmaxi num al | owabl e

, V2 22,
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amount of cOV@eMs14ehd t he amount of current flowi ng out of. PCT/YSRE0&SEond
linear anplifier equals the expected anount of 15 current. 84. A
met hod of isolating an electrical fault in accordance with claim?77,
wherein the step of isolating the electrical fault conprises the step
of : 20 determining the fault to be an anplifier output bond

wire open circuit fault if: t he anobunt of current flow ng
out of the first | inear anplifier is equal to zero, and _

t he amount of current flow ng out of the second 25 |linear anplifier is
equal to zero, and o t he amount of source current is equal to
zero. WO 97/ 41460 PCT/ US97/ 06256
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) 4 OF YA 2 b

"*‘TET'“——#‘gg_f apparatus for isolating an electrical fault in a

servo sye &M rising a servo notor, said apparatus conpri si ng:
first control nmeans for generating a first current 5 activation signal;
means for driving current in a first direction threwgh————=a Wnding in
the servo notor, responsive to said first curr ept Eh&ﬁk&x algnal ;
second control neans for generating a second current

signal; = - means for driving current in a secoﬁ Q&m rough
the winding in the servo notor, responsive to said ne

generating a second current activation signal; means for

determ ning whether a fault exists as a 15 function of an anount of
current flowing into and out of means for driving the first
current and said neans for drﬁVﬂﬂd5t e second current.
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86. -An appaMR ¥¥I¥6P accordance with clai m 85, wherein the 20PCIaIS»@06essor

is a dual -phase notor, and said neans for driving the first current
-and said nmeans for driving the second current are pul se-wi dth
nodul ated anplifiers. 87. An apparatus in accordance with claim 85,

wherein the 25 servo notor is a three-phase notor, and sard-neans_for

driving the first current and said neans for driving they i second
current are pul se-wi dth nodul ated anplifiers. WO 9'}] s Been Replaced
PCT/ US97/ 06256 88. An apparatus in accordance I
wherein the servo notor is a single-phase notor, an r
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driving the P840 rent and said means for drivi ng the BETANY1/06256

current are linear anplifiers. 5 89. An apparatus in accordance with
tl ai m 85, wherein said fault conprises a notor w nding short circuit,
a not or - winding open circuit, an anplifier short circuit, or an
anplifier open circuit. 10 90. An apparatus for isolating an
electrical fault in a servo system conprising a servo notor and an
anplifier, said apparatus conpri sing: nmeans for generating a
first current command; 15 means for conducting current in a first

di réction t hrough a notor w nding, wherein said nmeans for conducting a
first current is responsive to the first current comrand; nmeans
for determ ning whet her an anount of rrent flomnng into said nmeans

for-conducting the first current is LQ%ESﬁpeater than a predefined
t hreshol d;
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‘means for dSV@PWASMg whet her the anount of current f | owWPREUSATOGPE

said neans for conducting the first current is zero; nmeans
for generating a second current conmmand; 25 means for conducting
current in a second direction through the notor winding, wherein said
means for conducting WD 97/ 41460
PCT/ US97/ 06256 -97- t he second
current is responsive to the second current ~ command; means
for determ ning whet her an anmount of current flowi ng into said means
for.conducting the second current is 5 greater than the predefined
threshol d; means for determ ni ng whether the anount of current
fl ow ng out of said nmeans for conductin tre second current
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is zero; WO ST4I48D. \ns for determining whether an el ectrical BGRA$97/96256
10 occurred in the anplifier or whether an electrical fault has

occurred in the notor winding as a function of the anount of current
flowing into and out of said neans for conducting the first current
and said nmeans for conducting the second current. - 15 91. An
apparatus for isolating an electrical fault in accordance with claim
90, wherein said means for determning -whether an electrical fault has
occurred conpri ses: | ogic means for determning the fault to
be a- 20 nmotor winding short circuit fault if: t he
anount of current flowng into said neans for conducting the first
current is greater than the predefined threshold, and

the amount of current flowing into sai dfdamsz, -
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PCT/US97/06256

= 25 for copeidiaep the second current is greater than the predeti ned
t hr eshol d. WO 97/ 41460

. PCT/ US97/ 06256 - 98- 92. An

" apparatus for isolating an electrical fault in accordance with claim
90, wherein said nmeans for determning whet her an el ectrical fault
has occurr.ed conpri ses: | ogic means for determning the
fault to be an 5 anplifier short circuit fault if:
t he amount of current flowing into said neans for conducting the first
current is greater than the predefined threshold, or
the anount of current flowng into said neans 10 for conducting the
second current is greater than the rredefined t hreshol d,
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predefi ned threshol d.PCT’Ung’o‘zé@.

accordance with
whet her an el ectri cal

but not if bLWOPT440 cater than the
An apparatus for isolating an electrical fault in
¢l ai m 90, wherein said neans for determ ning
fault has _occurred conprises: | ogi ¢ neans for determ ning
the fault to be a notor winding open circuit fault if: 20

t he anount § i adg i nto sai d neans for conducting the first
current is n t he predefined threshold, and _
t he amount o ng into said nmeans for conducting the

' 25 predefined threshold, and

second current is not greater than the
WD 97/ 41460 PCT/ US97/ 06256
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- 99- WO 97/41460 the anount of current flowi ng out of PEAVEES7/06256
means for conducti ng the first current and said neans for conducti ng
the second current is zero. 5 94. An apparatus for isolating an
electrical fault in accordance with claim90, wherein said neans for
determ ning. whet her an electrical fault has occurred conprises:

| ogi c neans for determning the fault to be an anplifier open circuit
fault if: 10 t he amount of current flowing into said nmeans
for conducting the first current is not greater than the pr edefi ned

t hréshol d, and t he amount of current flowing into said
neans for conducting the second current is not greater than the 15
predefined threshold, and t he amount of current flow ng

out -of said AN\ l 2=
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means for coWw@e¥414ép t he first current or said neans for ' Bﬁ'ﬁwg?'?ﬁas

the second current is not zero, but not both. 20 95. An apparatus for
isolating an electrical fault in accordance with claim90, wherein
said neans for determning whet her an electrical fault has occurred
conpri ses: | ogic means for determning that a no fault
condition exists ifT the anobunt of current flowng into
sai d neans ars &pﬁgq}g&; Rfldie first current is not greater than the
predefined thres WO 97/ 41460

s M m"

t he amount of cur nto said neans
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for conduct WQST#e6kecond current is not greater than the PCFAISP6256 d

threshold, and t he amount of current flow ng out of
sai d 5 means for conducting the first current and the anmount of
current flow ng out of said neans for- conducting the second current
are both not zero. 96. An apparatus for isol ating—-an-electrica
fault in a 10 servo system conprising a servo notor d an anplifier,”—
sai d apparatus conpri sing: control logic fﬁtﬂwnRehqm
generating an activation signal for a pair of drive I ch
control current flow in a positive direction throug I ng,
said pair 15 of drive transistors conprisi-ng an upper drive trans r
and a |lower drive transistor; means for determ ni ng whet her an
anount of current fl ow ng intdaﬁﬁkzggper drive transistor is greater
than a predefined threshol d;
2308
X DISABLE COMPLIMENTARY SWITCHING,
AND GENERATE HALL CODE
TO ACTIVATE DESIRED 2~
DRIVE TRANSISTOR PAIR
(e.g., T1 and T5)

2310
\\\ CMD CORRESPONDING
TRANSISTOR CONTROL LINES
(e.g., transistor control lines 1 and 5)

2317
A

SHUTDOWN CMD

2320
s

SET FLAG

2325
N\

2330
Z

Ior = 02 SET FLAG

2235
s

ACTIVATE ALL SIX
TRANSISTOR PAIRS?

NO

FIG. 23A
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20 neeme7/41460 det er m ni ng whet her an anount of current fl ow ng

into the | ower drive transistor is zero; control |ogic neans for

generating an activation signal for a second pair of drive transistors

whi ch control current flowin a negative direction through the notor

mﬁnding——saLd-25 -seeond pair of drive transistors conprising a second
drive transi stor and a second |l ower drive transistor; WO

07/ 414 s Sheet Has Been Keplaced PCT/ US97/ 06256

-101- Imulllmmlﬂtﬂuf or determ ni ng whet her an anount of current

fl ow ng d upper drive transistor is greater than a

predefi ned threshol d; means for determ ning whet her an anount of

current 5 flowing into the second 5 \Mlz drive transistor is zero; and
means for determning the electrical Bb Zeondition as

S0
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a function SYOPH&Sount of current flowing into the upper  PCTAIS9/86256
transistor and | ower drive transistor for each drive transi stor pair.
10 - 97. An appar atus- %er—FSGFa%an—an el ectrical fault in

accordance with claimg6, ¢ electrical faul t conprises an
anpl i fier short circui a§¢ #y short circuit, a rmotor

wi ndi ng-to-ground short ”ﬂmm 5 anplifier open circuit, or a notor
wi ndi ng open circuit. pparatus for isolating an el ectrical

fault in a- servo system corrprl sing a servo notor and a |inear
anplifier, said apparatus conprising: 20 supply current sensing
nmeans for determ ning an anount of supply current applied to a first
| inear anplifier and a second i ne%ﬁgpl ifier, wherein said first and
sai d second linear anplifiers are &l to opposing ends of a
nmot or’ '
o
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wi ndi ng; 25wO97/41460ont rol neans for generating a first vol t ag@CFIEPRERS6

such that the first linear..anplifier generates nore voltage than the
second |i near anplifier' WO 97/ 41460

PCT/ US97/06256. . — -102-

current sen5|ng means for detern1n|ng an anDunt of current flow ng
out of T %1anpllf|er control neans for generating
a second ﬁ nfi such that the second |inear anplifier
generate than the first anplifier; current
sensi ng neans for detern1n|ng an anount of current flow ng out of the
first linear anplifier; and - logic nmeans for determining the

el ectrical fault, without a test load and a test |load relay, as a
function of : Cf 2=

GENERATE A PREDETERMINED, ROSITIVE VOLTAGE

SUCH TEAT AMP A GENERATES SIGNIFICANTLY MORE

VOLTAGE THAN AMP B, RESULTING IN A POSITIVE
I.mp THROUGH THE MOTOR WINDING

Lmnmmvm.zor.:,l

sl

GENERATE A PREDETERMINED, NEGATIVE VOLTAGE

SUCH THAT AMP A GENERATES SIGNIFICANTLY LESS

VOLTAGE THAR AMP B, RESULTING IN A NEGATIVE
Iuns THROUGH THE MOTOR WINDING

L

(mxﬁzmnmor-:.]

MOTOR WINDING
OPEN CIRCUIT

MOTOR WINGING
SHORT LINE-TO-GROUND

MOTOR WINDING

AMP TRANSISTOR
OPEN CIRCUIT

AMP TRANSISTOR
SRORT

AMP OUTPUT BOND
WIRE OPEN CIRCUIT
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10 the anount of current flowi ng out of the first |inear anplifier,
the amount WOt | owi ng out the second |inear anplifi erPCHHE9H06256
-anmount of source current. 99. An apparatus for isolati ng,an,——————-
electrical fault in 15 accordance with claim98, wheréin the el ectrl
fault - conprises a notor w nding open circuit, a nm“@shwmd R“'Pace
line-to-line short circuit, a notor winding |line- to groun ﬁm\“\
circuit, a linear anplifier transi stor open circuit, a

|er out put bond

arrpllfler transi stor short circuit, 301\\2:31;) ear 20 arrp
u

wire open circuit. 100. An app s for isolating an electrical
fault in accordance with claim98, wherein said |logic neans for
i sol ating the el egtTi catr—fau§t 'C'UﬂEr'i"ses.—"‘ZS"—"-‘l'og"'r'c-Trearrs for
determning the f ult\go be & not 08 wi ndi ng open circuit }ault i f:
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-103- the anobunt of current flow ng out of the first

1inear anplifier is equal to a shunt current, t he amount of
current fiowng-out—of—the -second | irnear anplifier is equal to the _
shunt cur rﬁgghee%g];eenieplaced t he amount of source current is equal to

t he shunt 101. An apparatus for isolating an

el ect r| cal :m! ﬂ accordance with claim 98, wherein said |ogic neans
for S ect rical fault conprises: | ogi ¢ means

for. determ ning the fault to be a notor wi nding line-to-line short
circuit fault if: the anobunt of current flow ng out of the

first
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I|near anpl | HY741460. 401 to0 an expected amount of current, 1BCT/EE/06256

t he anount of current flow ng out of the second linear anplifier is
equal to the expected anount of current and there is erratic notion or
no notion of the notor shaft. 20 102. An apparatus for isolating an
electrical fault in accordance with claim98, wherein said |ogi-c neans
for isolating the electrical fault conprises: | ogi ¢ neans
for determning the fault to be a notor wi nding |ine-to-ground short
circuit fault if: 25 t he amount of current flow ng out of the
first | inear amplifier is equal to zero, and WO 97/ 41460

PCT/ US97/ 06256
A |22,
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- 104- WO 97/41460 o appunt of current flow ng out of the SREHH897/06256
linear anplifier is equal to zero, and t he anbunt of source
current is not equal to zero. 5 103. An apparatus for isolating an
electrical fault in accordance with claim98, wheretn-said-logic_neans
for isolating the electrical fault conprises: | ogi ¢ means

for determining the fault to be a l|inear arrplifie'[fhis R '
circuit fault if: 10 t he anobunt of current “, t he
first | i near anplifier equals an expected anount o

t he amount of current flow ng out of the second |inear anplifier
equal s zero, or t he anount of current flow ng out of the
first 15 linear anplifier equals zerg a?d t he amount of current

flow ng out of the second linear anpli Z¢8yal s the expect ed anount
of current.
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conpri ses:
anplifier short circuit fault if:
f1 ow Ng OUthisSheet iR BednTeplaced 5
current and
WD 97/ 41460

L

current,

I solating the electrical

104. An appa?vﬁﬂé“ﬁ?r isolating an electrical fault in 20 acPGFUSHH6256 t h
claim98, wherein said |ogic neans for

faul t

| ogi c means for determning the fault to be a |inear
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linear anpl i M®Y"414%% cater than the maxi mum al l owabl e 5 anoRET/HB$97/06256
current and the anount of current flow ng out of the second | i near
amplifier equals the expected anmount of current. 105. An
apparatus for isolating an electrical fault in 10 accordance with claim
98, wherein said |ogic neans for isolating the electrical fault

conpri ses: | ogi c neans for determning the fault to be an
anplifier output bond wire open circuit fault if: t he
amount of current flowing out of the first 15 I|inear anplifier is equal
to zero, and t he amount of current flow ng out of the second
linear anplifier is equal to zero, and t he anbunt of source
current is equal to zero. 20 106. é‘ag hod conprising the steps of:
converting an array of anal og i mage dat igs into a
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digital ima¥O UMY sing an array of pixel val ues, : SEAFGRINPERS6 t he

contrast of the digital inage data with - a two-di nensi onal (2D)
sharpening filter. 25 -'106-
107. A nethod inm actcordance:with claim 106, wherein said step of
shar peni Ngnit BR«GANELARL QL the digital. image data conprises the steps
a low frequency digital inage fromthe 5 digital
| mage mj ll mnﬁﬁlﬂ ng a high frequency digital inmage fromthe
di gi tal adjustlng a low frequency digital inage gain to
hi gh
2523
3405 _
ILLUMINATE
\§\ PPA WITE
CHECKERBOARD
PATTERN
3410 ;li
'RECORD PIXEL
VALUES
341§\R JL'
342%\
(¥BS)
3430
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" 3438
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) 3440
X MODULATION DATA POINT

FIG. 34




JUl\ Ue—90 WLV lot'ed 11l ULl

“frequency digital inmage gain ratio; é’nd 10 - CC“I nU&g?m/IQ\bA
ge

frequency digital image and the high. fr\(/a\ﬂuency digital

108. A nethod in accordance with cl'aim 107 erein t
“sharpening the contrast of the digital image further'Pgélugo%izwgﬂgB
step of: measuring a contrast value for the digital image
wher ei WE9/41460 f r equency digital inmage gain to high fPEY 06256
digital image gain ratio is adjusted as a function of said contrast

value. 20 109. A nethod in accordgggce with claim 108, wherein said
step of neasuring a contrast val ue conprises the steps of:

generating g ";%reﬁ{cﬁﬂ?deﬁMWdedemnpﬁﬁym and 25

summi ng the nce val ues
a compensator which steers the laser energy and adjusts the polarization of the laser

energy, said compensator being connected to said FSM and to said laser transmitter.

22. A targeting and imaging system in accordance with claim 21, wherein said laser
receiver comprises: '
a combmed laser range receiver (LRR)/laser spot tracker (LST).

23. A targeting and imaging system in accordance with claim 22, wherein said LRR is 2
pin diode; wherein said LST is a quad-cell receiver; and wherein said LRR and said LST are
combined into a single unit, such that said LRR is located at the center of said LST.

24. = A targeting and imagiog system in accordance with claim 21, wherein séi_d compensator
comprises:

a pair of optical waveplates whlch adjust the polarization of the laser energy to control
an amount of laser energy passes through the deroll prism; and

a pair of Risley prisms for steering the laser energy.

25. A targeting and imaging system comprising:

forward-looking infrared (FLIR) optics means for stcenng an mfrared (IR) hne-of-slght
(LOS) towards a desired area of interest (AOI), for receiving IR energy from the AQI, for
focusirig the IR energy, and for generating an optical image of the AOL;

¥EMENDED SHEET
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2 107- 110. A nethod in accordance with claim I e@?l QaGdz Sb

,step of extracting a Iowfrequency di gital image N Ses t ep
Tof : .averagi ng each pixel value in the mwl()rggdmﬂﬁ§9§5

each nei ghboring pi xel .val ue. 111. A nethod of sharpening the
cont r asWQ97414608put di gi t al i mage conprising an array ®CHUSIT/06256
val ues, said nethod conprising the steps of: 10 extracting a
| ow frequency digital inage fromthe inpu digital inmge, said | ow
frequency digital inage conprising an array of pixel val ues;
extracting aa'i%sﬁPerﬁﬁﬂMﬁPCY digital image fromthe

a laser range receiver (LRR);

a laser spot tracker (LST); and

laser optics means for steering a laser LOS, such that the transmitted laser energy
illuminates at least a portion of the AOI, for receiving laser encrgy, and for directing the
S received laser energy into the LRR and the LST,
o wherein said FLIR optics means and said laser optics means share a single pitch
bearing, and _ o
wherein the IR energy and the laser energy pass through a common aperture.

26. A targeting and imaging system in accordance with claim 25, further comprising:
LOS correction means for adjusting the IR LOS and the laser LOS, and for minimizing
dynamic LOS alignment errors between the IR LOS and the laser. |

27. A rtargeting and imaging system in accordance with claim 25, wherein said LOS
correction means comprises:

 optical elements that are shared by said FLIR optics and said laser optics, wherein each
of said shared optical elements is individually subject to pitch axis rotations.
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|nput digital image, said high frequency digital image 15 conprising an

array of pi xel val ues; determ:ning a difference val ue between
., adj acent pixels al ong each row of the input d|
" det er i ni ng a contrast neasure for the input digital IUS%J @é%&g
the difference values; . 20 adjusting a | ow frequency digital inmage
gai n t o 919/41460 frequency digital imge gain ratio as a fup@ph 9f062§6d
contrast neasure; and conbi ni ng each pi xel ue | noz J?
frequency digital i mge with a corresponding pi A;!“@e
frequency 25 digital inmage: V1877 41460 WWQQB
PCT/ US9, 0628 -108- 112. A net hod
in accobPdancAngptifal imaging System GOmMRISg: 5 ¢ -

a housing assembly;

a window associated with said housing assembly, through which optical energy passes;

means for transmitting on-axis optical energy through the window and for radially
diffracting off-axis electro-magnetic interference (EMI), wherein said means for transmitting
comprises an EMI grid integrated into said window, and wherein the EMI grid comprises an
array of circular grid elements which are aligned in rows and columns.

140. A method of aligning first radiation from a first source with second radiation from a
second source, said method comprising the steps of:
aligning the first radiation with a plurality of openings in a reticle pattern, said plurahty
of openings being spaced away from a centrally located opening;
~ projecting said second radiation through an opening in the reticle pattern, wherein the
opening has lateral edges that project radially inward toward the centrally located openiﬂg;

-
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_step of ‘extracting a low frequency digital image conprises the step

" of: repl aci ng each pixel value-in the input digital imge 5
*wWth a | ow pass val ue based on each pixel value and a plurality of

nei ghbori ng pi xel val ue. 113. A nethod in accordance with claim 111
wherein said - step of extracting #38i gh frequency digital inmage
conprises 10 the step of: - generating a difference val ue between
each pixel val ue in the input digital imge and a correspondi ng pi-xel
val ue in the | ow frequency digital inmage. 15 114. A nethod in
accordance with claim 111, wherein said step of conbining the | ow
frequency digital inmage with the hi gh frequency digital inage
conprises the step of: sunmm ng each pixel value in the |ow

frequency digital
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i mage wi'th a corresponding pixel .value in the high frequency 20 digital
<1 mage. 115. In an imagi ng system conprising a nunber "n" of anal og-
.to-digital converters (ADCs), wherein each of the "n" ADCs converts
every nth row or nth colum of analog inage data 25 into digital innge
data, a method of renpving ADC of fsetgs33 pattern differences froma

digital inmage conprising the steps of: WD 97/ 41460
PCT/ US97/ 06256 - -109-
generating "n" histograns, wherein each of the "n" hi st ogr ans
reflects a dynam c range of pixel values produced by a correspondi ng
one of said "n" ADCs; . adjusting a pixel offset coefficient for
each pi xel ' .
S
oD

FIG 2
”Irue

This is ihe replacement sheet
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5. associated with one of said "n" ADCs as a function of the dynamni c
~ range of the correspondi ng histogram and renovi ng ADC of f set

- pattern differences by adjusting each pi xel value associated with
said one of said "n" ADCs as a function of the correspondi ng,

adj usted pi xel offset 10 coefficierg/33 116. A nethod in accordance -
with claim11l5, wherein said step of adjusting a pixel offset '
coef ficient conprises the - steps of: 15 determ ning an average
pi xel- value (Herr]) for the correspondi ng 'hi st ogram

determ ning an average pixel value (H) based on the pi xel values in
each of the "n" nunber of histograns; and adj usting a pixe

of fset coefficient as a function of 20 the difference between the average
pi xel value (Herr] ) for the correspondi ng hi stogram and the average
pi xel value (H) ' o ' '
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«b'aSéd on the pixel values in each of the "n" histograns. ' 117. A
"met hod of enhancing a portion of a digital image 25 conprising an array

*of pixel values, said nethod conprising t he steps of: _
extracting a desired portion of the digital inmage; - WO 97/ 41460
PCT/ US97/ 06256 o110 - hori zontally shifting the
desired portion of the (gi gi tal i%a%e by an anount equal to a fraction
of a pixel wirdt; ' ganiegrating the desired portion t he
digital inmage 5 vx(t;h the horifzoptdlITy]$hifted portion of the digjtal
i mage to produ®&la fir¥t jfmage lf il g vertically $hf fting
the desired po@ivcrgi the Wi gilt a QM = :
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i mage by a fraction of a pixel height, : hori zontally shifting the
"vertically shifted portion of 10 the digital image by the same fraction of

.a pixel wdth; integrating the vertically shifted portion of the
_digital image with the vertically and horizontally shifted portion of
the digital imge to produce a secon B ge field;, and 15
i nterleaving the first inage fieId-anJ he second i nmage field.
118. A nethod of focusing an inmage in an optical inmaging system |
conprising a focus target, an optical focusing 20 elenent and an array of
detector elenents, said nethod conprising the steps of:
adjusting the optical focusing elenent a plurality of tines;
“illum nating array of detector elements w a high . '
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25.freqdency'test-pattern after adjusting the optical focusing

“el ement, such that a random phase rel ationship exists bet ween the test
-pattern and the array of detector el enents; WO 97/ 41460
PCT/ US97/ 06256 - -111 - :
converting the value associated w thggagh detector element to a
correspondi ng digital word; generating a contrast neasure after
adj usting the optical focusing el ement based on the digital words; and
5 generating an optical focusing el enent control signal for
controlling the adjustnment of the optical focusing element as a
function of a peak contrast neasure. 119. A ne#hod i n accordance

with claim 118, wherein the high 10 frequency te pat Lern s a
. (<=

checkerboard pattern conprising
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an .array of. alternatively |light and dark squares. 120. A nethod in
"accordance w th'claim 118, wherein said step of generating a contrast
‘measure conprises the steps 15 of: _ measuri ng a maxi mum
intensity value from anong the correspondi ng digital words;

nmeasuring a mninumintensity value fygn anoeg t he correspondi ng
digital wrds; and 20 determ ning thescontrast neasure as a function
of the di fference between sai d maxi ' ity value and said

M NI MUM | Nt ENS| gyt 1 cessing an i mage

conprising: 25 analog-tﬁt or converting an
array of anal ogl i mage data val an arfpy of |di git | mge dat a;
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T -112- t wo- di nensi onal sharpen filter nmeans for sharpening the
rcontrast of the digital image data. _ 122. An apparatus in accordance
with claim12l, wherein said 5 2D sharpen filter nmeans conpri ses:
means for extracting a | ow frequency g'gital I mage from the digital
i mage; . means for extractina hi gh frequency digital inmage
fromthe digital imge; 10 ' means for adjusting a | ow frequency i nage
gain to high frequency inmage gain ratio; and means for
conbi ning the | ow frequency digital inmge and t he hi gh frequency

digital imge.
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15. 123. An appar at ué in accordance with claim 122, wherein said 2D

“ sharpen filter neans further conprises: nmeans for neasuring a
- contrast value for the digital i mge, wherein said | ow frequency inage
gain to high frequency imge gain.ratio iis adjusted as a function of
said 20 contrast val ue. lﬁé An apparatus nethod in accordance
with claim 123, wherein said z{r’fé for measuring a contrast val ue
conpri ses: means for sunm ng pi xel -to-pixel difference val ues.
25 WO 97/ 41460 PCT/ US97/ 06256
-113- 125. An apparatus in accordance with claim 122, wherein said -
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means for extracting a |l ow frequency digital inmage conpri ses:

* means for averaging each pixel value in the digital 5 image with each
. nei ghboring pixel val ue. 126. An apparatus for sharpening the
contrast of an input - digital image conprising an array of pixel

val ues, said apparatus conpri slldﬁzta 10 means for extracting a
| ow frequency digital imge from he i nput digital inage;

means for extracting a high frequency digital inmage fromthe input
di gital image; means for determning a difference val ue between
15 adj acent pixels along each row of the input digital image;

nmeans for determ ning a contrast neasure for the input digital inmage
by sunm ng the difference val ues; meangs for adjusting a | ow
frequency digital imge gain to high frequelxxy digital inage gain
ratio as a function of bt
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20 said contrast neasure; and means for conbi ni ng the | ow

© frequency digital image with the high frequency digital inmage.

- 127. An apparatus in accordance with-claim 126, wherein said 25 neans for
extracting a |l ow frequency digital inage conpri si ng: WO
97/ 41460 : PCT/ US97/ 06256
-114- | ow pass filter contdBdti on means for repl aci ng each
pi xel value in the input digital image with a | ow pass pi xel val ue,
wherei n each | ow pass pixel value is a function of each pixel val ue
and a plurality of neighboring pixel = 5 values.
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' 128.‘ An apparatus in accordance with claim 126, wherein said means for

extracting a high frequency digital imge conprises: 10 nmeans
.for renoving the | ow frequency inmage fromthe i nput digital inmage. _
129. An apparatus in accordance with claim 126, wherein said means for

conbining the | ow frequency digital ] gﬁge with the 15 high frequency
digital inmge conprises: et for summ ng each pixel in the | ow
frequency digital i ith each pixel in the high frequency digital
I mage. 20 130. In an inmaging sy?bﬁ:@/g frpri sing a nunmber "n" of anal og-
to-digital conver {285 DCs), where (’;” of the "n" JADC converts

~every nth row or nth collum _of anal oJ | e data nto digital imge
data, an apparatus for renoving ADC l '
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of f set pattern differences froma digital image conprising: 25

"for generating

-refl ects a dynam c range of pixe

one of said "n" ADCs;
PCT/ US97/ 06256
for adjusting a pixel

with one of said "n"

correspondi ng hi stogram and
pattern differences by
n" ADCs as a function o

of said "
of fset coefficient. .
wherein said

Y AXIS

"n" histograns, wherein each of

val ues
WO 97/ 41460

of f set coeffic??’érﬁ f
ADCs as a function of

131. An ap
pas
>

A

5 adjusting each pixel

t he n nn

neans

hi st ogr ans

produced by a correspondi ng

-115-
or. each

neans

- pi xel associ at ed

t he dynam c range of the

nmeans for renoving ADC of f set
associated with said one
the correspondi ng adj usted pi xel
ratus in accordance with claim 130,
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lof'neahs for adjusting the pixel offset coefficients conprises:

- means for determ ning an average pixel value (Herr]) f or each of
", the "n" histogrars; : ‘means for determ ning an average pixel val ue

(H) based on the pixel values in each of the "n" histograns; and 15
means for adjusting the pixel offset gg fficients as a function of
the difference between the average p? val ue (Herr]) for the
correspondi ng hi stogram and the average pi xel val ue (H) based on the
pi xel values in each of the n hi stograms. 20 132. An apparat us
for enhancing a portion oEia digital image conpri si ng:

‘W ndow ng neans fo i A4 desired portion of & i nput/ digita

i mge; 25 {zontally shifting the desired por

the input imge by aN -emhE to a fraction of a
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wi dth, and WO 97/ 41460

"PCT/-US97/ 06256 ' ' -116- nmeans
-for generating a first imge field by integrating the desired portion
of the input inmage with the horizontally shifted portion of the input
I mage; : means for verticall)fﬁﬁglftlng the desired portion of 5
the i nput inage by r-he—saRp—tt-acit-oq xel hei ght, ReaRs—f or
horizontal l'y shifting {hejverticplly |ghrfte portion of the ijnput

i mage by the sane 1r@s{g o] ofSa pixegl = [height, and meafg flor

generating a second |&fage fiad py §10 Qnt bgrating the vertlcgu si:ufted

14
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neéns for interleaving the first image field and the second i mage

field. 15 133. An apparatus in accordance with claim132, wherein
. said means for horizontally and vertically shifting the desired
portion of the input inmage includes a fast steering mrror. 20 134. An
apparatus for focusing an inage inngﬂ %ptical - imagi ng system
conprising an optical focusing ele ¥3and an array of detector
el enents, said apparatus conpri sing: means for adjusting the
optical focusing elenment a plurality of times; 25 means for
illumnating the array of detector elenents with a high frequency test
pattern after adjusting the optical focusing elenent, wherein a random
phase WO 97/ 41460 . '
PCT/ US97/ 06256
o a) Q ©
w2 wd 0w w
2 2 2 2
O
2
®

1610
.L/

{615b

1505
FIG. 16
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-117- ' rel ationship exists between the test pattern and the'array

of detector elenents; anal og-to-digital conversion neans for
converting the val ue associated with each detector elenent to a 5
correspondi ng digital word; means for generating a peak contrast
measure after adj usting the ogﬁi | focusing el ement based on the
digital wor ds; and ﬁg for generating an optical focusing

el ement 10 control signal which controls said neans for adjusting the
optical focusing elenment as a function of a peak contrast measur e.
135. An apparatus in accordance with claim 134, wherein the 15 high
frequency test pattern is a checkerboard pattern
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conprising an array of alternatively dark and |ight squares. 136. An
“apparatus in accordance with claim 134, wherein said ~nmeans for
.generating a contrast measure conprising: 20 means for neasuring a
maxi mumintensity value from anong the correspondi ng digital words;
means for neasuring a nininun1intensﬁé)3?nﬂ ue from anong the
correspondi ng digital words; and nmeans for determ ning the
contrast measure as a 25 function of the difference between said maxi num
intensity val ue and said mninumintensity val ue. . WD 97/ 41460
PCT/ US97/ 06256

1800
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137. An optical inmaging system conprising: a housi ng assenbly;

"a W ndow associated with said housing assenbly, through which optical
.energy passes; and means for transmtting on-axis optical energy

t hrough the window and for radially diffracting off-axis el ectro-nagnetic
interference (EM), wherein said neangﬁgpr transn1tt|ng conpri ses an EM
grid integrated into said w ndow, an& erein the EM grid conprises an
array of circular grid el ements which are aligned in rows and col ums.
140.  A-nethod of aligning first radiation froma first source with second
radi ation froma second source, said nethod conprising the steps of:
aligning the first radiation with a plurality of openings in a reticle
pattern, said plurality-of openings being spaced away froma centrally

| ocat ed openi ng; projecting said second radiation through an openi ng
in the reticle pattern, wherein the opening has |ateral edges that project
radially inward toward t he centrally | ocated opening; WO 97/ 41460
PCT/ US97/ 06256 -119-

translating a path of said second radiation until it is coi nci dent
with a lateral edge; and - translating said path toward the
centrally | ocated opening along the |lateral edge toward the centrally

| ocated . 5 opening.
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141. A method in accordance with claim 140, furt her conpri sing the

" step of: translating a path of said second radiation along the

. 10 lateral edge of the opening until the energy is coincident with an
i nner edge of the opening; translating said path in accordance
wi th a nunber of grid positionilﬁ : aligning the path in
accordance with the grid position g hat results in a peak energy _
detection through the centrally | ocated opening. 142. A net hod
in accordance with claim2140, wherein the first radiation is infrared
radiation. 20 143. A nethod in accordance with clai m 140, wherein the
second radiation is |laser radiation. g
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144. A method in accordance with claim 140, wherein said 25 plurality of

" openings, through which said first radiation passes, are of equal

. distance fromthe centrally |ocated openi ng. WO 97/ 41460
PCT/ US97/ 06256 o -120- 145. In a
forward-| ooking infrared (FLIR)/I asgy 3gased' optical imagihg system a
nmet hod of aligning IR |ine-of- !l ht (LOS) and | aser LGOS conpri sing
the steps of: projecting infrared (IR) energy froman IR energy

5 source through a reticle pattern onto a focal plane array; ,

aligning the IR LOS such that a ' unt of IR ener gy passes
through a plurality of peripherf?%éégﬁﬂzggpin the reticle pattern,
wherein the peripheral openings are of
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equal distance froma centrally |ocated opening;, 10 projecting | aser
energy froma laser transmtter t hrough one of a plurality of

. wedge- shaped openings in the reticle pattern, wherein each of the
wedge- shaped openi ngs has | ateral edges that project radially inward
toward the centrally | ocated oq&ghgg; 15 transl ating the | aser
LOS until it is coincident with a ateral edge; and

translating the laser LOS toward the centrally | ocated openi ng al ong
the | ateral edge. 20 146. A nethod in accordance with claim 145, further
conprising the steps of: translating the laser LOS along the

| ateral edge until the 1aser LOS is coincident with an inner edge of

t he one wedge- shaped opening; 25 translating the laser LOS in.
accordance with a nunber
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of grid positions; and WO 97/ 41460

© PCT/ US97/ 06256 . . -121-
. aligning the laser LOS in accordance with the grid position-that
results in a peak | aser energy detection through the centrally
| ocat ed openi ng. 5 147. A net Iés;d %'Jn accordance with claim 145, further
conprising the step of: 0‘76 sing the IR energy. 148. A
nmet hod in accordance with claim 147, wherein said 10 step of focusing the
| R energy conprises the steps of: projecting IR energy through
an array of squafe openi ngs in the reticlefoattern, such that a high
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test pattern appears on the focal plane array; adjusting an IR
“energy optical focusing element a 15 plurality of tines;

.generating a contrast neasure for the high frequency test pattern
after each adjustnment of the optical focusing. el enent; and

focusing the IR energy as a functi'o-nmgg a peak contrast 20 neasure.

149. A nethod in accordance with clal mi48, wherein the high frequency
test pattern is a checkerboard pattern conprising an array of
alternatively dark and |ight gQuares, 25 WO 97/ 41460

PCT/ US97/ 06256 A F/612223B
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150f In an optical systemthat enploys at | east two energy sources, an

“apparatus for aligning a first energy source with a second energy
.source, said apparatus conprising: means for aligning the first
energy source wi.th a 5 plurality of openings in a reticle pattern such
that said plurality of openings h he reticle pattern are of equal
di stance froma centrally | ocated op@ ( nmeans for projecting
energy fromthe second energy source t hrough an opening in the reticle
pattern, wherein 10 the opening has |l ateral edges that project radially
i nwar d toward the centrally | ocated opening; means for
translating the engggy fromthe second energy source until it is
coincident with a Iateral edge; and 2 means for translating said
energy toward the &8qtrally 15 Iocatedk§ben|ng along the lateral edge.
151. An apparat us inQagifrdance W th cladsis 150, further conpri si ng:
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' rré'_ans for translating a path of said second radi at "ong in2Bualeplageinant bhbetr al

- edge of 'the opening until
. of the opening;

the energy is
" means for translating sai

coi ncident with an ,l,ﬂ-n%arﬁdge
d path i ne-ae coridahde
DaMuns for ali gnhi ng said

with a nunber of grid positions; and

path in accordance with the 25 grjgjsgosition that results in a peak

ener gy det ' : y NQ. - WO
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- 123- 152. m&ﬁ%%&%gmyﬁg@@%%t%%fféi m 150, 294fher ei n t he
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5 second energy source is a laser transmtter. 154, 'In-a

“forward-1ooking infrared (FLIR)/I| aser based optical imaging system
.an apparatus for boresighting IR -~ line-of-sight (LOS) . and | aser LOS
conprises: 10 | R energy source neans for projecting infrared (IR
energy through a reticle pattern ontgpasfocal plane array; I R
optics nmegns—fer -al Fgat ng the- IR £EOS-suach—t hat—a— — —raxi Aumrafount of IR
energy passes through a it [P hefal—ofleni ngs int
reticle pétter n, wher ei perijpher al enilngs=4dre of equal
froma ceptrally I ni\ng; lager transmtter
for proj‘g?ti ng | aser —aae t R0 U] p@&e ' AEBhe
openi ngs§in the reti ern, jwhe D[t
openi ngs<'20 has | afer Al hat groj | i
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it is coincident wwth a |lateral edge; and | aser optics neans for
“translating the laser LOS toward 25 the centrally |ocated opening al ong

. the lateral edge. WO 97/ 41460
PCT/ US97/ 06256 : -124- 155. An
apparatus in accordance with claim %E% further conpri ses: ’
first laser optics for translating the q aser LOS al ong the | ateral

edge until the laser LOS is coincident with an 5 inner edge of the one

wedge- shaped openi ng; second | aser optics for translating the
| aser LOS in accordance with a nunber of grid positions; and
means for aligning the | aser LOS in accordance with the grid position

that results in a peak |aser energy detection
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10 through the centrally Iocated openi ng. 156. An apparatus in

“accordance with claim155, wherein the | aser optics neans for
.translating the |laser LOS conprises a pair of Risley prisnms. 15
157. An apparatus in accordance with claim 154, further conpri ses:
means for focusing the IR energy. 7 58. An apparatus in accordance with
claim 157, wherein said nmeans for Tocusing the IR energy conprises:
| R energy source neans for projecting IR energy through an array of
square openings in the reticle pattern, such that a high frequency
test pattern appears on the focal 25 plane array; means for
adjusting an IR energy optical focusing elenment a plurality of tines;
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WO 97/ 41460 PCT/ US97/ 06256

- 125- . means for generating a contrast nmeasure for the high
_frequency test pattern after each adjustnent of the optical f ocusi ng

el ement; and means for focusing the IR energy as a function of a
5 peak contrast neasure. 159. @g apparatus in accordance with claim
158, wherein the hi gh frequency % é pattern is a checkerboard pattern
conprising an array of alternatively dark and |ight squares.
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(57) Abstract

In a FLIR/laser based targeting and imaging system, the ability to recognize, detect, locate, and/or track targets in an area of interest
is significantly improved by reducing the fixed and dynamic alignment errors between the IR LOS and the laser LOS. Fixed alignment
errors are reduced with an improved internal boresight module and corresponding boresight method. Dynamic alignment errors are reduced
with an opto-electric subsystem that employs a single pitch bearing and a common pitch/yaw afocal for both the laser energy and the IR
energy. A segmented window in the system housing includes a circular EMI grid pattern which significantly reduces the amount of off-axis
EMI entering the optical pathways, and improved signal processing techniques are employed to enhance the quality of the IR image after

the image has been digitized.
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