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the refl egé Ebiackground. However, the main challenge of Iaser pointing and designator
systems is to be able to recognize the laser signal reflected from the field of view
being surveilled, while the field of view is bathed in daylight background
ilumination. The intensity of the sun's illumination may be orders of magnitude
larger than that of a low average power laser beam directed into the field from a
distance, making detection of the laser beam reflection difficult.

Current laser pointing and designator systems generally use a pulsed solid
state laser, often a Nd:YAG laser, for illuminating the target. The pulse width is
typically on the order of 20 to 50 ns, and for a laser having an average power ofa
few watts, this means that the peak power of the pulses is of the order of many
tens of megawatts. The solar radiation deposits approximately 1 kW per square
meter. The use of a wavelength discriminating filter in order to limit the detected
background to the wavelength range of the laser pulses, may reduce this flux by a
factor of some tens or even one hundred. Consequently the peak power of the
laser beam may be a factor of tens of thousands larger than the solar radiation
detected in the wavelength window admitted by the system filter. Consequently, it
is a comparatively simple matter to detect the flash of a laser pulse from the
illuminated background of the field of view. Furthermore, a gated detection system

synchronized to the short laser pulses, may be used, such that only the reflected



WO 2011/ 073980PCT/ 1 L2010/ 001057 2 light of the pulses is detected, thereby
rejecting the majority of the background shot - noi se. The spati al
positi on wb 20h®78®h| ect ed | aser pulse is typically detepornemiypoiose of a
guadr ant phot odi ode, as shown in figure 1. The received light is inmaged
onto the quadrant detector thus provi d?ng directional information as to
where the spot is in relation to the center of the inmaged field of view. In
nor e advdightof tke pulses i detestadarthersbyersjesting thec majeritytofvibieybackggeung ot
can be uségd and an al gorithm conparing the output of the various quadrants
i s used ©6°kPPISExi mately determine the location of the reflected | aser beam
in the actual fHeekgal pdsitibn dhehd pstlectdd ayee plasatid efpicdilyodetetrivedabput
the position of the laser spot in the field of view has |ed to guidance
syst ens fuse ofumiquadrantiphetedjodei as shewnds diguge i Jihg: eceivid; light i ieadede

B ’ o ety ! - can: .
Povnr as. 1td fof Supllibelihr i pftfidRGRIERIBEa ihnidthidten Y1, Wperd tnel
to the Napbli®m GelionntoCep oenter @f, tharithdgeawfieldsoft hiew. BanmoRaagivaased Spot

Tracker". ) Vari ous schenes of tgg;poral c?di ng SL{Ch as changi nq t he
spaces beefriens Ohaysdrarisdetegiorpea ¢@ ,a’BB‘fer‘Vi?fQSrﬂé? @ E? m'al’?gt%n

bet ween %Iéérﬁﬁﬁpéoﬂﬁﬁhﬂﬁ‘%@bﬁtptﬁw thé vaFigas qLadrtis & §58P4E appHAGMERRRS Ur s
frominterfering w the system Thi s technol ogy requires a high
peak powatetemhinedhé dseation of thedreflecteddaset beamsinfthecactual field of vigw.chlag gy

f d [ b he back d,l | . Such | |
nonber - ofaeh Shmin dskaled Mo bR aheg it eotAp 17 FasT PRl thetitif of
conpar at iw&l \hasakd Go Yuittessterhs fort @EnitRIns YrhingYortd dhé idseiridesigratet, are a

high cost 1tem As a“result, laser designators and pointers are not wdely
used, andvhiohchuse thenpeiedtiie tepederm @ nikecef densaasing oscifatienudygng s

dedi cat ed rsonngl,. and uni t ' : a
| aser desﬂagﬁé?‘fv ?fsatr'?&r&ﬁ{ﬁ%t |brsl?8 %V&%‘%ﬂgﬁvﬁls(#%é@é?%?ﬁe@sg g@l@gsfsg%%é%f t he
di sadvanttggre Ntfrtfﬁbt:@ru@rﬁhaﬁﬁdrﬁﬁﬁatmd andtknous asitiee 'BampBangulaser Spaopabl e
of operating in full sunlight, yet wthout the need to use a high peak
power, pulreeken’aser source. In addition there exists a need for a
substantial ly |l ' ! RabA hat
w dor use can Vs £HEmeS S fordiabasing BuE B o g RS Lt

the pulses, can be used, both in order to discriminate between different

designators, and in order to avoid simple countermeasures from interfering with
the system.

This technology réquires a high peak power pulsed laser, in order to enable
a sufficient level of energy for detection above the background level. Such lasers
generally have a number of disadvantages, in that they have complex, fragile
structures, comparatively large dimensions, limited reliability and lifetime, and are
a high cost item. As a result, laser designators and pointers are not widely used,
and in those cases where use is made of them it is generally by dedicated
personnel and units

There therefore exists a need for a laser designation and pointing system,
which overcomes at least some of the disadvantages of prior art systems and
methods, and in particular, capable of operating in full sunlight, yet without the
need to use a high peak power, pulsed laser source. In addition there exists a
need for a substantially lower cost laser designation and pointing system, such

that wider use can be made of such systems.



3 _ The di scl osures of each of the publications nentioned in this
section and in other sections of the specification, are hereby incorporated
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alternative to the conplicated and expensive prior art pulsed | aser
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fromthe previously described prior art systens in that they filter the
| aser signal spatially, by collecting light over a conparatively |ong

period of time froma single pixel aor_ a.f ' ut of the entire field
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system prd%Q%?\%?or systems using modulated CW laser diodes and a conventional high
pixel count image sensor array, such as CCD or CMOS array. These two
‘technologies, diode lasers and imaging sensor arrays are reliable, widely used and
inexpensive technologies, as compared with the prior art methods of using a
pulsed laser system.
These novel systems are distinguished from the previously described prior
art systems in that they filter the laser signal spatially, by collecting light over a
comparatively long period of time from a single pixel or a few pixels out of the
entire field of view of the image sensor array. This is in contrast to the prior art
systems where the laser signal is filtered temporarily, over a very short time span,
but over a large fraction of the field of view. The difference between the presently
described quasi-CW systems and the prior art pulsed systems can be summarized

in table | below:

Table |
Prior art Pulsed CW system proposed
Exposure time Very short (=ns) Long (=ms)
Spatial resolution (pixels) | Few (Quad) Entire array (CCD/CMOS)

The background shot noise is present in these two technologies at a similar
level. However, while the prior art pulsed laser system filters temporally, by
detecting the pulse presence in a very short time window, the CW based system of
the present disclosure filters spatially, by detecting signals in only a few of the
pixels of the complete array.

Unlike the short-pulsed, solid-state lasers used in the prior art systems,
which are generally Q switched, typical CW laser diodes are really CW sources
which are switched on and off at their CW rated output, at a comparatively slow



Exposure tine Very short (Rris) Long (ns) Spatial resolution (pixels) Few
(Quad) Entire array (CCD/ CMOS) The background shot noise is present
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rated oulBHpar8d withCRBRPpidAI Miedrvar B0Ws laser pulses, during each laser pulse, the
detector receives about 10° times more background energy than in prior art
systems. However, if instead of using a quadrant detector with four pixels, a four
megapixel array is used, then this background energy will be spread over 10°
times as many pixels as compared with the prior art quadrant detector system.
Therefore each pixel of the array used in the system of the present application
actually receives the same level of background radiation as each complete
quadrant of the prior art detector. Since the laser designation spot can be very
small, the reflected laser light from the point in the field of view at which the laser
impinged, may cover only one or a very few pixels in the imaging array. Therefore
although the "peak" power of the pulsed CW laser may be a factor of 10° less than
that of the prior art short pulsed laser, the signal-to-noise ratio in any single or
small number of pixels is similar to that of the prior art, short-pulsed lasers.
Therefore in effect, the detection arrangement of the present described system
uses a multi-pixel array to convert the time discrimination used in prior art, short-
pulsed systems, to a spatial discrimination based system. Expressed otherwise,
the detection arrangement of the present system collects the reflected laser light
over a very small area for a long time, while the prior art short-pulsed systems
collects the reflected laser light for a very short time over a large area. For the
reasons stated above, so long as the reflected laser beam is sufficiently small that
it is imaged only on one or very few pixels, the signal to noise ratio per pixel
remains of the same order, such that the detection sensitivity is essentially no
different in the two cases.

The prior art, short pulsed systems discriminate between the reflected light
and the background since the peak energy of the short laser pulses is so high that
no background effects can occur at that level, and simple level discrimination can
be used to distinguish the reflections of the pulsed laser from any background
effects. Temporal gating may also be used to increase the discrimination from the
background. The CW-based technology of the present disclpsure, on the other
hand, is much more sensitive to background reflections, since the "peak" power of
the laser pulses is no more than the typically few watts of its CW output.
Consequently, bright objects in the field being viewed, such scattered sunlight, or
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in desi gifeaquencurf #loleast dgkElgsinmider to ensure clear discrimina
since such systems may be used in guided weapons where accuracy is essential
to avoid collateral damage, a frequency of a few kilohertz should thus optimally be
used. It is comparatively straightforward to modulate the laser at several kilohertz,
but it is a much more difficult undertaking to be able to read each of several
megapixels in an imaging array at that rate. However, there do exist high pixel
count detector arrays which can operate at that frequency, including electronic
address circuitry for reading the pixels of such an array.
The simplest method of detecting the modulated laser signals in each pixel
would be to provide each pixel with a bandpass filter which would allow only
signals at the laser modulation frequency to be detected. However an electronic

filter for such an array would be very difficult to implement, and would be limited to
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Imaging arrays and their associated circuitry operating in the kHz range and
higher are non-standard devices and of high cost. In order to be able to use
inexpensive, conventional 20 frame per second CCD's for the imaging array,
instead of the costly and non-standard muiti-kHz types, a system is described
wherein use is made of a CCD or a CMOS having pixels with two charge registers
that can be alternately filled at a rate in the kHz region. The signal is collected by
one charge register, while the background is collected equally by both. Subtracting
the two charge registers filters the background from the signal, leaving the
reflected laser signals, which have been detected at the kHz range modulation
rate of the laser, and yet have been read out of the CCD device at its tens of Hz

frame rate.



8 One exanple inplenentation involves, a systemfor inmaging a renote

obj ect, the systemconprising: (i) a CWIlaser source, nodul ated at a

nodul at i omof2neeueysey t o provi de an out put stream of | asecTautgesyioithe

pul ses being tenporally separated from each other by the nodul ati on peri od,
and the stream conprising pul ses of | &er illumnation tenporal ly separated
by spaces without |aser illumnation, (ii) a transmtter optical assenbly

for sending aQreamxamplddmipiaraentation cinvolyear @s system dabtmagisigest remote i ) a

mul ti-piXx i mensi onal .inmage sensor array, (iv) a receiver optical

|,.2-d .
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representative of the laser illumnation ref t ed th biect wth
he backluHansMtah oRtcAbRSIRMpUCPEaeRADm 4 heatbpiiie Bser puReh 1yafie," "

system &, férﬁ&tesc%tﬂgé’tl out put sanpled by the signal processor may arise
fromthe iTlumnati’on'refl ected fromat |east one |aser pulse, and a second
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illumnation reflected fromthe object is at |1east of the same order as
that of (Vea signad@recessasesamplingriheasigsal outputs from at least one pixel of the

sensor array at a sampling rate at least twice that of the modulation frequency,
and outputting the difference between the signal output arising from samples
temporally separated from each other by half of the modulation period,

(vi) wherein the difference outputted by the signal processor is representative of
the laser illumination reflected from the object without the background illumination
reflected from the object.

In such a system, a first signal output sampled by the signal processor may
arise from the illumination reflected from at least one laser pulse, and a second
signal output temporally separated from the first signal output by half of the
modulation period may arise from at least one space without laser illumination. In
such a case, the difference enables the laser illumination reflected from the object
to be determined even when the background illumination reflected from the object
is at least of the same order as that of the reflected laser illumination.

In any of the above described systems, the modulation frequency may be
substantially higher than the rate of change in background illumination occurring in
the region of the object, such that the background illumination does not change
appreciably between successive samples. The modulation frequency may be at
least 500 Hz. The signal processor may sample the signal outputs from many
pixels of the sensor array, such that an image may be obtained of the many pixels,
the image showing the laser illumination reflected from the object without the

background illumination.



In any of the above described systens, the nodul ation frequency may be
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nodul at ed at requency to provide an output streamof |aser pul ses (i)
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pul ses, @ jiRPhiAkTing thé bBject BRIReaNE dla CW ladersiseam modulated at a frequency
to provide an output stream of laser pulses,
(i) imaging the field of view using a multi-pixel 2-dimensional image sensor array,
(iii) outputting the signals obtained from a plurality of the pixels during the duration
of the pulses of a part of the stream of laser pulses, to obtain a first image output
of those pixels,
(iv) outputting the signals obtained from that plurality of the pixels during the
duration of the time between the pulses of that part of the stream of laser pulses to
obtain a second image output, and
(v) subtracting the second image output from the first image output, such that the
image output of the illuminated field of view is subtracted from the image output of
the illuminated object.

In such a method, the signals obtained from the plurality of pixels during the
duration of the pulses of a part of the stream of laser pulses may be transferred to
a first set of charge registers, and the signals obtained from the plurality of pixels
during the duration of the time between the pulses of that part of the stream of
laser pulses may be transferred to a second set of charge registers, the method
comprising the further step of reading out the first and second set of charge
registers at a rate substantially less than that of the modulation frequency. In such
a case, each of the pixels may have associated with it a single charge register, the

signals on alternate pixels being transferred to their associated charge register in



(iv) outputting the signals obtained fromthat plurality of the pixels
during the duration of the tine between the pul ses of that part of the

st r eam ofwbasaro7pashses to obtain a second i nage out put, pamdr200¥»01057
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provides the image output of the illuminated object without the effect of the

illuminated field of view. In any of these methods, the modulation frequency may
be substantially higher than the rate of change in the illuminated field of view
occurring in the region of the object.

According to a further implementation, there is presented a method wherein
the signals from any pixel during the duration of pulses of a part of the stream are
transferred to a first charge register of a progressive scan CCD, the method further
comprising the steps of shifting the vertical register of the progressive scan CCD
such that the signals from that pixel during the duration of the time between the
pulses of that part of the stream are transferred to a second charge register, and
reading out the first and second charge registers at a rate substantially less than
that of the modulation frequency.

Another example implementation can involve a system for imaging a
remote object, the system comprising:

(i) a CW laser source, modulated with a scheme to provide an output stream of
laser- pulses, the pulses being temporally separated from each other by the
modulation scheme, and the stream comprising pulses of laser illumination
temporally separated by spaces without laser illumination,

(i) a transmitter optical assembly for sending a beam of the laser pulses towards
the remote object,

(iii) a multi-pixel, 2-dimensional image sensor array,



Addi tional inplenmentations may involve a method as described above, in
which the first imge output is obtained fromthe first set of charge
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frequency to provide an output stream of laser pulses,
(i) imaging the field of view using a multi-pixel 2-dimensional image sensor array,
(iii) sampling signals reflected from the object obtained on at least one pixel during
the duration of the pulses at a second frequency different from the first frequency
to obtain a first signal output set at the frequency equal to the difference between
the first and second frequencies,
(iv) sampling the signals obtained on at least one pixel during the duration of the of
the time between the pulses at that second frequency to obtain a second signal
output set at the frequency equal to the difference between the first and second
frequencies,
(v) subtracting one of the signal output sets from the other to provide a difference
output signal at the frequency equal to the difference between the first and second
frequencies, and
(vi) determining the range of the illuminated object from the change in phase
detected in the output signal at the frequency equal to the difference between the

first and second frequencies.
BRIEF DESCRIPTION OF THE DRAWINGS

The presently claimed invention will be understood and appreciated more
fully from the following detailed description, taken in conjunction with the drawings

in which:



(iv) a receiver optical assenbly for receiving | aser pulses reflected from
the renote object, and imging themonto the nmulti-pixel inmge sensor
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background signal from the desired reflected modulated laser signal;

Fig. 7 illustrates schematically a progressive scan CCD, configured to filter
the background signal from the desired reflected modulated laser signal;

Fig. 8 illustrates a further implementation for extracting the received
modulated laser signal from the background level of illumination using an image
sensor having two isolated charge registers for every pixel;

Fig. 9 shows time graphs of a received laser beam modulated at one
frequency, and a CCD sampled at a slightly different frequency in order to enable
range measurements to be performed; and

Fig. 10 is a schematic graph of the output signal obtained from the range

measurement scheme described in Fig. 9.
DETAILED DESCRIPTION

Reference is now made to Fig. 1, which illustrates schematically a prior art
quadrant detector 10, showing a detected reflected laser spot 12 on the quadrant
detector, enabling use of a comparative intensity algorithm to determine the
position of the object in the field of you from which the laser beam was reflected.
As is observed the quadrant detector has essentially only four pixels. |

Reference is now made to Figs. 2 and 3, which respectively illustrate
schematically exemplary transmitter and receiver architectures for implementing

the laser designating or pointing systems described in this application.



(vi) determning the range of the illum nated object fromthe change in
phase detected in the output signal at the frequency equal to the

di f f er enceobetmessot he first and second frequenci es. BRPEF/IDESURIPT ON OF
THE DRAW NGS The presently clainmed invention will be understood and
appreciated nore fully fromthe foll oWdng detail ed description, taken in
conjunction with the drawi ngs in which: WO 2011/073980PCT/|L2010/001057 12
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is controlled by means of controller 22 which determines tﬁe pulse modulation of
the laser. A battery 23 provides power for the transmitter module. A seeker module
26 can be provided in order to view the target which is being illuminated by the
transmitter, to ensure that the illuminating beam is falling on the correct target. A
viewfinder 28 may be supplied to provide the operator with a visual view of the
seeker image of the target to be designated. As an alternative, an optical
telescope, previously boresighted with the laser transmitter, can be used to ensure
target accuracy. The controllers and indicators for operating the transmitter are
contained in the control panel 27.

In Fig. 3 there is shown a block diagram of an exemplary receiver for use in
the systems of this disclosure. The received laser beam is imaged by the lens
assembly 30 onto the imaging sensor array 32, which can be a CCD or a CMOS
array, mounted on its circuit board 33. The signals from the imaging circuit board
33 are input to a signal processing module 34, driven by a DC power supply 35
powered by a battery 36. The output from the signal processing module 34 is input
to a video controller 37 from where the output of 38 is sent to the operator's
viewing screen or other viewing device. A spectral filter 31 is disposed in front of
the lens assembly 30, in order to provide entry only to light in the spectral region of
the known laser wavelength.

Reference is now made to Figs. 4A and 4B, which illustrate how the method
of subtracting alternative samples from each other enables the identification of
pixels which have detected a reflected modulated laser beam signal, and the
discrimination of that signal from the slowly varying background illumination level.
As previously intimated in the Summary section of this disclosure, a modulation
frequency of the order of a few kilohertz is required in order to discriminate
detected laser signals from the fastest varying background signals generally
encountered. Figs. 4A and 4B illustrate the minimal case where the sampling rate
is exactly twice the laser modulation rate. Such a factor would require good
synchronization between the laser and the image sensor rate, with no significant
phase difference between them. To explain this, reference is made to Fig. 4A,
where the top trace shows the transmitted laser signal, while the middle trace



Figs. 4A and 4B illustrate a method of subtracting alternative sanples to
identify pixels which have detected a reflected nodul ated | aser beam
signal, awo2o/Bmeri m nate fromthe slowy varyi ng backgraumwdo/ndibim nati on

| evel ; Figs. 5A and 5B illustrate a method simlar to that of Figs.
4A and 4B, but using a sanpling rate df 4 tines the nodul ation frequency;
Fig. 6 illustrates schematically an interlaced CCD, configured to filter
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essenti ald ¥hqRhY tHePintedthted Signal output will become a constant, at a fraction of the
actual level which would be obtained if the laser pulses and samples were
synchronized in phase. |

in order to avoid this problem, according to one exemplary method
described in this disclosure, a sampling rate at more than the Nyquist criterion is
used, such as 4 or more times the modulation frequency. This implementation is
illustrated in Figs. 5A and 5B, where a sampling rate of 4 times the modulation
frequency is shown. Fig. 5A shows a situation where the laser modulation and the
sampling rate are correctly synchronized. The samples are labeled A, B, C and D.
The algorithm used for background suppression is (A+B)-(C+D). Since the
background does not change substantially between successive samples, the
background detected in sampless A and B is substantially the same as that
detected in C and D, and therefore subtraction of the C+ D signal from the A+ B
signal will leave the net laser reflected signal, bereft of any background
contribution. The detected output signal thus appears in the lower trace as a
strong signal at each pulse of the modulated laser. Likewise, if the signals were
incomplete and he phase there would be signal contributions in samples C+D, but
not in A+ B.

Fig. 5B now shows the same detection scheme but where the laser
modulation and the sampling rate have an intermediate phase relation, in this case
out of phase by 90°. For this situation, the algorithm used for background
suppression is (B+C)-(A+D), and the detected output appears in the lower trace as
a series of integrated signals of lower intensity than that of Fig. 5A, but, unlike the
situation shown in Fig. 4B, only at the correct occurrence of each pulse of the



Ref erence is now made to Figs. 2 and 3, which respectively illustrate
schematically exenplary transmtter and receiver architectures for

i mpl ementwogoting3dsaser desi gnating or pointing systens ®e¥ariobecinsr this
application. WD 2011/073980PCT/1L2010/001057 13 In Fig. 2, there is
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2. The laser pulses are generally square waves, or close to square waves,
and produce a square wave response in each pixel. On the other hand, the output
of the image of a moving object entering the pixel will generate a non-square wave
shaped signal, whose shape will depend on the edge profile of the moving object.
The signal shape can be assessed by performing a Fourier transform on the pixel
output. This will differentiate between the laser signal, which has a peak at the
modulation frequency, and moving edges, which have components at many
frequencies. However, the signal is not ideal square wave. Turbulence might
distort its shape and make the shape filtering algorithm more difficult. On the other
hand, the background might contain many types of moving objects, some of which
may have shapes similar to the laser signal shape. By increasing the modulation
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different readout clock for the odd rows and for the even rows. The readout clock
rate can be synchronized with the modulation rate, which is several kHz in the
example system cited herein, so that one of the rows collects the detected laser
light including the background, and the other row collects the background only.
Subtracting rows then filters the background, leaving the desired reflected
modulated laser signal. In Fig. 6, two exemplary pixels 60 and 62 of a complete
CCD array 65 are driven by clock 1 and pixels 61 and 63 by clock 2. If the laser

modulation is in phase with, for instance, clock 1, the detected laser signals will
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intervals, the background only is transferred to another charge register.
Differencing the outputs from these charge registers then provides the received
laser light signal only, without the background.
How this operates in practice is shown in Fig. 7. At the bottom of Fig. 7
there is shown a train of laser pulses received from the reflected light from the
filed of view. In the top half of Fig. 7, there is shown the operations performed by

the progressive CCD vertical register in order to separately collect the charges
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laser pulse is on, an enabling signal is supplied from the clock 1 input, closing the
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frame ratgrgdtRpbhRas BENHcqlifed AM@emissile or bomb begins to maneuver in order to
ensure arrival at the designated target, and since its speed is high, these
maneuvers must be performed rapidly. In order to be able to operate more rapidly,
a configuration is suggested in the systems of the present application, whereby the
imager concentrates on a smaller ROI, by using a regional filter to reduce the field
of view. Use of positional anticipating routines enables the system to anticipate
where the designated spot will be in the smaller selected field of view, by taking

into account the motion characteristics of the missile or bomb. Since the field of
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WO 2011/ 073980PCT/ 1 L2010/ 001057 21 The effect of sanpling of many
cycles of the received | aser pulses is effective to applying a filter to

t he i ncomvogopui7s®s, where the bandwi dth of the filter iPsTaLfoamadio®dn of the
nunber of cycles sanpled. The | arger the nunber of cycles sanpled, the
narrower the bandwidth of the signal #liter. A sinplified expression for
the bandwidth is that it is the frequency divided by the nunber of cycles
sanpl ed. Thus, Tbe effert dfizsaroplingaof onamacycleadfatheargseivey tgsee pises0 s

cycles, the effective.bandyidth of the receiver is 1 . a er
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poi nting can be sinply perforned b& aimng an infrared | aser beam at the
target tcepresenissiighes the farmuob sinetx) Iwherg X iscthe Bequeicy deviatian frgmythe

iy g e S R \ St Cce.
However GaPEGEieniG BT 43¢ el Shibe il bmf b, Hnkiag HoBRS o Ehyt! ©©
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shorten the useful neasurenent range, because of the shortening of the
repetition distance anbiguity resulting fromthe inability to distinguish
how many of such ranges have given rise to the phase change of the
reflected illum nation being neasured. However it is very difficult to

. o o re



WO 2011/ 073980PCT/ 1 L2010/ 001057 23 As is observed in Figs. 5A - 5B,
regardl ess of the sanpling rate, the output signal including the reflected

| aser pulwe 20sl/q8meent during the tinme when the | aser pecsaLigo/n@o® ved on
the pi xel being read. Referring nowto Fig. 9, there is shown schematically
i n the upper section of the draw ng, 24rain of |aser pul ses resulting from
a 1.01 MHz nodul ation of the CWIaser diode, received by reflection from an
obj ect i rdetbeteditké dodbd $ransmisgion $rano aremide dransmitter, lis abledter synshpenizer m

sunm ng- o0t 5% Sranarited ridben Gnef b TRl pRE sl o TR, Mo e
exanpl e A48 dfthEl fllsés of fded drdtherlknvwie ahd0f idvpassiblecto transiep digitl
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signal is us smaller. This &’ocess continues until the |aser pulse and
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fall EVE - qut | Lod, [
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| aser pul seanm projbbied @RAnsstijett inghe fieldoatsd theerefigeted illimpiation, dedectedhEheut put
signal returns to its maxinmum value. This occurs af er tinme .e%ﬁi valent to
the peri dliffefenge 10iphaseRatveem thedransraittag Ryise Ap dh@ SQIrPPRIVENEESBRt ween
the | asegrémq%eﬁdngﬂ tﬁﬁ%‘bﬁthé"%e? Fbﬁls%at%ﬁd"ﬂoﬁ@ﬂ% targét, aRbi@in Bk Ls889S -
Expressed more rigorously, since the 1.01 Mz received signals are sanpled
at a 1. 0Qdéverminet the ramge efuthel taygetit Gonsidering sthgneaserodieret the heann iRHz,

d havi ' i dal_shape. Fig. 10 ill h i\cal |
how the dPRUBteThaf & Tenniiad L1 MHA SrofEa Raovaia Gars BaSER oo Mide.
Thus the ,Iaﬁge,rl igi r%ﬂzgﬁeér iri]rgBﬁierrté% able t9irhbadlred HHgR ta R}gacalidoimamea

frequency o > i nportance of this sunmation .
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even for biteatlthe gameuithe veowdd sposten shevuséfuhmeasurementsrangedbecause of the
shortening of the repetition distance ambiguity resulting from the inability to
distinguish how many of such ranges have given rise to the phase change of the
reflected illumination being measured. However it is very difficult to accurately
measure phase differences in the MHz frequency range, in a system inputting
information generated from millions of pixels of an imaging array.The amount of
information to be processed in order to measure the phase difference at every
pixel is immense. Therefore it is necessary for the receiver to convert the CW laser
modulation frequency to a value more manageable in order to be able to readily

measure the phase difference between the transmitted and received pulses.



The range neasurenent of the point designated by the | aser beamis obtai ned
fromthe change in phase which the 10 kHz received signal has undergone,

rel ati ve wo2a11100B4dr si gnal generated fromthe transm ttedThexeoodbgnal at
the point in time at which the laser pulse was transmtted. Thi s
procedure may be performed, as descri®3d previously in relation to Figs. 6
to 8, by neasuring the readout fromthe registers after the charge froma
nunber of pul seAsisr ebbemedainchigs! difed 5B regardless o the giampling. ratauthe f or

le, th i st d b i
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devi ces at standof: stances fromtheir target. It is appreciated
by per soris Figi 9, tedillustratectharprocess. Aspreyieusivit wher saade is peftormedathed by

what has en particul h ' Vel vai

Scope of diepes brfWedt ik BURLR sa) LOTE) A7 4E APBIRR. siRalEVERy
subconbi fabiigas ted |ase iskial hetabut Be effsatiof itiesl baekgronnd diumiaatior! In areer
variations and nodifications thereto which wow d occ_lﬂr to.a persan f skill
in the arto sipplifyrthedexrjanation 1he eftest of ithe ikackaraungntllumingtion wil ?ﬂwﬁi‘f’e

prior ar tignor\é@, QR&M&Z%%QEF’@T&F&&M%W%M laser signals.

Drawing the first ODD sample shown on the left hand side of Fig. 9, the
sampling period and the laser signal exactly overlap, and the full level of output
signal is obtained. At the second ODD sample, there has been a small time shift
between the 1.01 MHz laser pulse and the1.00 MHz sampling period, such that
part of the laser signal is not sampled, and the output signal is thus smaller. This
process continues until the laser pulse and the sampling period are in opposite
phases, namely that the laser pulse falls on the EVEN non-output sampling period,
and the output signal has thus fallen to zero. After another equal number of
sampling periods, the laser pulse and the ODD sampling periods are again in
phase, and the output signal returns to its maximum value. This occurs after a time
equivalent to the period of a 10kHz waveform, this being the frequency difference
between the laser modulation train, and the sampling rate, i.e. after 0.1 msec.
Expressed more rigorously, since the 1.01 MHz received signals are sampled at a
1.00 MHz rate, the resulting output is a signal modulated at 10 kHz, and having a
sinusoidal shape.

Fig. 10 illustrates schematically how the output varies sinusoidal with
time, having a period of 100 usec. Thus the laser image signal read-out will

fluctuate at the difference frequency of 10 kHz. The importance of this summation



26 CLAIM5 W claim 1. A systemfor imaging a renpte object, said system
conpri si ng: a CW| aser source, nodul ated at a nodul ation

f requencywoaoroosesde an out put stream of | aser pul ses, ®ardLpad/sEssbei ng
tenporally separated from each other by the nodul ati on period, and said
stream conpri sing pul ses of laser ill % nation tenporally separated by
spaces wi thout laser illum nation; a transmtter optical
assenbl y proceduradn the sedsiven isfthat dike hsterogune detedligarina fadio reeriver. #ig ect ;

a multi-pixel,. 2-digensignal i e ; . Lyer
opti cal 5%@@3{&? g’c@\e\%eﬁs {@gskmﬁ{soggﬁ Jr%%‘ Ilaesc%rebcfaf"r] c')'srn"??n%s%%mng&

obj ect, aRé 10"RGE Hetédtiem gigridl drivelope, tandotarlbe obiainet: thrsrefram. Ahusartie

a signal processor, sanpling the signal outputs fromat |east one pixel of

the sensdhagershyft infornation,piisigg feara the timeydiffergpea:betywvaeniranspission a4 i on
o LedpoBBiban b 98, i Tatdp s, e B SRy DM 42 10,
peri od, envelope. Unlike a direct measurement at 1 MHz, determination of an accurate
phase difference at 10 kHz can be readily performed electronically even for the
large numbers of pixels within the arrays used.

The range measurement of the point designated by the laser beam is
obtained from the change in phase which the 10 kHz received signal has
undergone, relative to a 10kHz signal generated from the transmitted laser signal
at the point in time at which the laser pulse was transmitted.

This procedure may be performed, as described previously in relation to
Figs. 6 to 8, by measuring the readout from the registers after the charge from a
number of pulses have been accumulated in the charge registers. Thus, for
example, the register readout may be performed after every 16 pulses, this being
equivalent to a sampling rate of 62.5 kHz for the 1 MHz modulated beam. Since
this too may not be a readily managed data rate for readout of all of the pixels in a
multi-megapixel CCD or CMOS array, a regional filter can be used to process just
those pixels in the region at which the laser reflections have been detected. By this
means, the data from a more manageable number of pixels can be readily handled
at the 62.5 kHz sampling rate. Once this data has been obtained, the phase
difference between the transmitted laser pulses and the received laser puises can
be readily obtained for every pixel being sampled in the region of interest, from the
shift of the 10 kHz envelope signal.

This range measurement technique can also be applied to the munitions
guidance head itself. The transmitter in the guidance head then continuously
measures the distance to the target designating spot by means of the laser beam
reflected back to the guidance head receiver. Use of this dynamic range
parameter enables accurate trajectory corrections to be made, and for accurate
destination of devices at standoff distances from their target.

It is appreciated by persons skilled in the art that the present invention is
not limited by what has been particularly shown and described hereinabove.
Rather the scope of the present invention includes both combinations and



wherein the difference outputted by the signal processor is representative
of the laser illumnation reflected fromthe object w thout the background
i I um natwornorief7Beet ed fromthe object. 2. A system aceordirgo/b@ogd ai m 1
wherein a first signal output sanpled by said signal processor arises from
the illumination reflected fromat |e@8 one |aser pulse, and a second
signal output tenporally separated fromthe first signal output by half of
t he nodukabcembipations ofinvasiess ffeatures deseritedohereimaboyevas welitas sigdations
illTumnation. 3. A system accordin o claim?2 whereiin the difference
enabl es @RE magépat@fr%ﬁﬁstq wﬁl%wpgl?{ Qﬁcqr?{?n?tﬂ?és%joéak'"t B aétl&% ned
even wheReddifg BRCEERAsgtis dtf WARN'AEIRRPthe pupdrhe obj ect is at | east
of the sane 09 er as that of the reflected laser illumnation. 4. A system
according to any of the previous clainms, wherein the nodul ati on frequency
is substantially higher than the rate of change in background WO

2011/ 073980PCT/ 1 L2010/ 001057 27 illum nation occurring in the region of the
obj ect, such that the background illum nati on does not change appreciably

bet ween successive sanples. 5. A systemaccording to claim4 wherein the
nodul ati on frequency is at |east 500 Hz.



6. A systemaccording to any of the previous clainms, wherein the signal
processor is further adapted to output the sumof the signal outputs
ari si ng fwormsizoTpdses tenporal ly separated from each ot hecthizochebdiosf the

nodul ati on peri od, wherein the sumoutputted by the signal processor
is representative of the laser illum #&ion reflected fromthe obj ect
| npressed upon the background illumnation reflected fromthe object. 7. A

system according to any of clains 1 CbAMSwherei n the signal processor
sanpl es t\&é ?l.g‘nal outputs from many pixels of the sensor array, such that
an i mage f% "obt ai ned of the many pixels, the inage show ng the | aser

i 11 uni nat on rekyserelr imagnghercthotecdbjedtt Baidisystan eagitgismgid il 1 umi nation.
8. A systemaccording to claim6, wherein the signal processor sanples the
signal outputs frorm kijasanssiuscefmpdulatechaba rapdulation freauensy taRMOVIdRe may

be obt ai ned ' € .l L; ' ' |

et ect edt PO SR S Ret BriseS” shlBfisERrBAifg ebora separatel BT |
Sy]cSlt emt aééa;uwctbthﬂ] by tgéahdtid@atim%ﬁbq, age bS|ac'l;i;:tstriealrn cémplisingguases bf lasenat i on
reflected fromthe object is e Si ze ) . that i
becones M@'"@F'@P[S‘P'_@PJQ%WéePﬁéaqgﬂ_ GiRASR ava'ﬁﬁﬂfﬁf Elﬁﬁ%‘%ﬁg{i%g ,SAOrret ﬁodl E)f

| mging a remte oby faheriiteR Shhtal dbsaily forudidiRela bieahflophelasut puies

met hod conpri sing: um nat1ng the object by nmeans of

| aser bedowandtuthetrethade objefct,equency to provi de an out put stream of | aser
pul ses; i maging thea Iniuﬁ{-gixg[ Z\fciji?nvt\énus%nnaq irﬁagc.‘aJ Isteiné ri%(r?zlnly;z' di mensi onal i mage
a receiver optical assembly for receiving laser pulses reflected from
the remote object, and imaging them onto the multi-pixel image sensor array; and
a signal processor, sampling the signal outputs from at least one
pixel of the sensor array at a sampling rate at least twice that of the modulation
frequency, and outputting the difference between the signal output arising from
samples temporally separated from each other by half of the modulation period,
_ wherein the difference outputted by the signal processor is representative of
the laser illumination reflected from the object without the background illumination

reflected from the object.

2. A system according to claim 1 wherein a first signal output sampled by said
signal processor arises from the illumination reflected from at least one laser
pulse, and a second signal output temporally separated from the first signal output
by half of the modulation period arises from at least one space without laser

ilumination.

3. A system according to claim 2 wherein the difference enables the laser
illumination reflected from the object to be determined even when the background
illumination reflected from the object is at least of the same order as that of the

reflected laser illumination.

4, A system according to any of the previous claims, wherein the modulation

frequency is substantially higher than the rate of change in background



28 outputting the signals obtained froma plurality of the

pi xel s during the duration of the pulses of a part of the stream of |aser
pul ses, twoabtiai7eesa first i nmage output of those pixels; PCT/IL2010/001057
outputting the signals obtained fromthat plurality of the pixels during
the duration of the tinme between the @JI ses of that part of the stream of
| aser pul ses to obtain a second i nage output; and subtracting
t he secoiiltinmimatien cotquating riontheheegionsof ithegebjeat, psiich $bat thehackgeoundige

output of the jllum nated field of vi iSs subtr fr e i mage out put
of the i|"|%"?r'i“ﬁﬁ?’é§°8§j"8§?'.‘a’i% a&P’ﬁEH’?@’S"%@’@@Pﬁ%@%%ﬁ%|33?’!§'§%, wherein the
signals obtained fromthe plurality of pixels during the duration of the
pul ses of a part of the streamof |aser pulses are transferred to a first
set of cHarge A systemcacsording torpiain 4nheseipihei redulptiemffequepry isaat leashy

pi xel s dgbgg the duration of the tinme between the pul ses of that part of
the stre r91 2| aser pul ses are transferred to a second set of charge

regi sters, the nethod conprising the further step of reading out the first

and second set of charge registers at rate ,substantialwhé I.esi1 t han t hat
of the médul ah GystareRRAKEYING 1t0 apyneh Hey RIBKIGHE; Fgime Wherein 1e RI9EALi n

each of ES"P c%s)é?lisg fmraas(fagﬁ%)@&g%uﬁmrtﬁyeérdr?% gaf $he Sighdt HiisiRs .raﬁ%iirgj fibm t he

signals on alternate pixe ei ng trans to their associated charge
regi st er sampigs tamporialipseparated from eactubtier by Halfeafibe ayoduation péred,
alternate charge regjsters collec 1) the charges due to si.gnals.qbtained
fromthe pixel ?\“n@et%“dﬁﬁ%'ftf%’f]bﬁgh% ﬁ@nﬁ&|p§%%e%§ﬂﬁ s E‘?H’?S?Wgﬁ‘é%gf @b% due
to si gnalgspbhiRifRgtd b&RdPreR] tAET bbfect hpiessd Upodf théebadkgrolnsd ween
t he pul selisfé?lg@hﬂﬁ%étigg}accor dri ng to cI%i m 11, wher g{bn each of k{% pi xel s
has assodiumiedtioncefledted frampthierobjéctchar ge regi sters, one associated with

the first set of charge registers, and the other associated with the second
set of charge registers.

7. A system according to any of claims 1 to 5, wherein the signal processor
samples the signal outputs from many pixels of the sensor array, such that an
image may be obtained of the many pixels, the image showing the laser
illumination reflected from the object without the background illumination.

8. A system according to claim 6, wherein the signal processor samples the
signal outputs from many pixels of the sensor array, such that an image may be
obtained of the many pixels, the image showing the laser illumination reflected

from the object together with the background illumination.

9. A system according to claim 8, wherein the position of the laser illumination
reflected from the object is emphasized by signal processing so that it becomes

more visible above the background illumination.

10. A method of imaging a remote object disposed in an illuminated field of

view, the method comprising:
illuminating the object by means of a CW laser beam modulated at a

frequency to provide an output stream of laser pulses;
imaging the field of view using a multi-pixel 2-dimensional image

sensor array,



14. A nmethod according to either of clains 11 and 12, wherein the read out
rate is conpatible with the frame rate of standard CCD or CMOS devices. WO
2011/ 073980RCT/i7848010/ 001057 29 15. A met hod accor di ngPco/ie2oubreriowf cl ai ns
11 and 12, wherein the read out rate is 30 Hz or less. 16. A nethod
according to claim11l, wherein the fi 2 | mage output is obtained fromthe
first set of charge registers, and the second i nage output is obtained from
t he second set of @Im&nt@bngdgeﬂgnaﬁ mhedﬁmm@MufahiManﬂ@fplmb dering out

The 01 e Bbilan.PEiE st of 5 hlt o ik BbEhh B BCGr Bhicksr 1o, SBRn 8418 2.,

17. A netiigde dufslitGf Modedpirdls; of claims 10 to 16, wherein the nodul ation
frequency is substantially hi gher than the rate of change in the
i |l uninated field @tht@m (Ua%ﬁlglniaﬁgobtﬁ'rtelﬁ’eff‘?f@gthahplb'fa‘ttﬁ@f@ﬂﬁ pixels dyrng A

ot on " flifioh%of il MntPbetiotis bUSeS|diuP phitodh fisfedifl ofliseRd e

duration ol a part "o eam are nsferred

char ge r ¢@istised obtain Ppsesprekimage Guiiput @@, the nethod furt her corrpri si ng
t he steps of shlftlngtthe verti cal i ste

r of the progressjve sca
such that the si gnSUBtrackng tth%tts%ok‘gl ' r%‘tﬁﬂeﬁﬂﬁ‘r Qﬁg(f'ﬁs toimage OHthD
bet ween tdign RHLSHR %ageégh@ﬁr&f tRE ifidifinaltdd RlPbryiblARtitiRed rofh fRe Ond
charge register, and readi out the first and second charge registers at a
rate subsmageloalmm dfdabesilhmanaﬁekiaabjettt t he nodul ati on frequency. 19. A
system for inmaging a renote object, said system conprising:
11. A method according to claim 10, wherein the signals obtained from the
plurality of pixels during the duration of the pulses of a part of the stream of laser
pulses are transferred to a first set of charge registers, and the signals obtained
from the plurality of pixels during the duration of the time between the pulses of
that part of the stream of laser pulses are transferred to a second set of charge
registers, the method comprising the further step of reading out the first and
second set of charge registers at a rate substantially less than that of the

modulation frequency.

12. A method according to claim 11, wherein each of the pixels has associated
therewith a single charge register, the signals on alternate pixels being transferred
to their associated charge register in synchronization to the modulation frequency,
such that alternate charge registers collect

(i) the charges due to signals obtained from the pixel during the duration of the
pulses and

(i) the charges due to signals obtained from the pixel during the duration of the

time between the pulses.

13. A method according to claim 11, wherein each of the pixels has associated
therewith a pair of charge registers, one associated with the first set of charge

registers, and the other associated with the second set of charge registers.

14. A method according to either of claims 11 and 12, wherein the read out rate

is compatible with the frame rate of standard CCD or CMOS devices.



a CW/Il aser source, nodulated with a scheme to provide an output stream of

| aser pul ses, said pul ses being tenporally separated from each other by the
nodul at i omoeh@Teysoand sai d stream conpri sing pul ses of pcagero1o/bd10sn nat i on
tenporal ly separated by spaces wi thout |aser illumnation; a
transmtter optical assenbly for sendid®y a beam of the |aser pul ses towards
the renote object; a nulti-pixel, 2-dinensional inmage sensor array;

a receiver opti caI assenbly for receiving | aser pulses reflected fromt he

and 50 15 A method Bckdiline Braiiee 80 el b e R T BREGHERIY oy

| east ongg P){_pio,qgsghe sensor array at a sanpling rate at |least twce that
of the nodul ation schenme, and outputting the difference between the signal
out put arising fromsanples tenporally separated from each ot her by hal f of

the nodulatio N4 f | nal
pr ocessor% p’éﬂ%ﬁﬁ?&??@@%@ﬁﬁﬁ“ s&&eqﬁ uﬁenag f%‘ﬁr’éﬁé)b Pg)%? rom g
obj ect - Wifidi Wie fifse sEBEarg degibiers] art thersecohtidmiagd dutpub is rmbtalbgadeﬁ'om 20 A
nmet hod for determ ning the range of an object

the second set of charge registers, such that subtractrmlgr ofS tlhe read out charges

from the two sets of charge registers provides the image output of the illuminated

object without the effect of the illuminated field of view.

17. A method according to any of claims 10 to 16, wherein the modulation
frequency is substantially higher than the rate of change in the illuminated field of

view occurring in the region of the object.

18. A method according to claim 10, wherein the signals from any pixel during
the duration of pulses of a part of the stream are transferred to a first charge
register of a progressive scan CCD, the method further comprising the steps of
shifting the vertical register of the progressfve scan CCD such that the signals
from that pixel during the duration of the time between the pulses of that part of the
stream are transferred to a second charge register, and reading out the first and
second charge registers at a rate substantially less than that of the modulation

frequency.

19. A system for imaging a remote object, said system comprising:

a CW laser source, modulated with a scheme to provide an output
stream of laser pulses, said pulses being temporally separated from each other by
the modulation scheme, and said stream comprising pulses of laser illumination
temporally separated by spaces without laser illumination;

a transmitter optical assembly for sending a beam of the laser pulses
towards the remote object;

a multi-pixel, 2-dimensional image sensor array;,

a receiver optical assembly for receiving laser pulses reflected from

the remote object, and imaging them onto the multi-pixel image sensor array; and



illum nating the object by nmeans of a CWI|aser beam nodul ated at a first
frequency to provide an output stream of |aser pulses; inmaging the field of
vi ew usi ngoaomu7sesepi xel 2-di mensi onal image sensor arr &¢T/1L2010/001057
sanpling signals reflected fromthe object obtained on at |east one pixel
during the duration of the pul ses at ad%econd frequency different fromthe
first frequency to obtain a first signal output set at the frequency equal
to the difference lmsignah prheessorssampling dbersighalequipats from at least one

The of "Xl SaNBerssen sy 7 Sednlng, i o fedit Ao iR A e Srddiidfiof s
second sigRamedUhmt toutslittiAg thBediffeRsHean bknvistiRlthé Gsighedl ifplierriziry Aomween

the first and second frequenci es; subtracti ng one of the signal
out put seamplestemperally iseparated from gach other thyrhattef thetmpedulatiemarhemet he

f 1 . i - H .
ana oY I unerBirL R e ER Y e B e SBnel dbbadit S anRenRi B o
change i nhehase illeheetiod reflectbd famh Phé objaptalithaut thebackgroend Vilumination o t he

di fference_between the first and second frequencies.
reflected from the object.

20. A method for determining the range of an object, comprising:

illuminating the object by means of a CW laser beam modulated at a
first frequency to provide an output stream of laser pulses;

imaging the field of view using a multi-pixel 2-dimensional image
sensor array;

sampling signals reflected from the object obtained on at least one
pixel during the duration of the pulses at a second frequency different from the first
frequency to obtain a first signal output set at the frequency equal to the difference
between the first and second frequencies;

sampling the signals obtained on at least one pixel during the
duration of the of the time between the pulses at that second frequency to obtain a
second signal output set at the frequency equal to the difference between the first
and second frequencies;

subtracting one of the signal output sets from the other to provide a
difference output signal at the frequency equal to the difference between the first
and second frequencies; and

determining the range of the illuminated object from the change in
phase detected in the output signal at the frequency equal to the difference

between the first and second frequencies.



