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FI ELD OF THE | NVENTI ON The present invention relates to the field of
3 di rensiwoabiwsasar enent systens, especially for use i RCTADDXE0G0RZO ai N
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measur enent of di stance using optical Imet hods. Such systens use nethods
include time of flight nmeasurenents, based on determnmining the difference in
time between traﬂ}ﬂrﬁﬁﬁ by MENS KaNAL MgASUREBMENT! S¥SQITEM cei vi ng t he
reflected wave at a detector, and neasuring the tinme del ay between the
transmtted and the refl ected signal. Know ng the wave propagation
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There are several nethods by Ich this delay tinme can be neasured
optically. Firstly, a sinple transit tinme-of-flight neasurenent can be nade

for a single | se transmtted to.th ar ge her met hods are based on
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the phasesydidhgresperidlly faﬁawr@@maweﬁainanhp@hgm tted repetitive wave,
such as a ‘sinusoi dal wave, and the wave received by reflection fromthe

target point. The distance is a function of the wavel ength of the |ight and

of the phase difference -t ct ed waves.
Alternatively, the t ransﬁgpmgpyﬁs%n*ﬁgvapﬁggr frequency chirp
applied to it, or be streaned data and the difference in frequency between

the transmtted and the recei ved waves provides a neasure of the di stance
from whi ch t heSystgme quist fer [tee tremate omeaperegpgicof 1sistaRce disig optical

Addi ti onal | her, ' t WP r t ' i ene is
applied ?‘Jge oeots t re?ﬁ'scﬁ% i%etﬁﬂﬁ g%?srgeamdgaﬁlgﬁ{d%eﬁﬁ%aﬁfs@ﬁﬁﬁégg%@%ﬁg’ed by

t he changeaded dheetaydinidgitiee difference hretimedmsitwedn tnsmittiad sopalse of light  Such
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propagation velocity, the distance of the target that reflected the light is
calculated

There are several methods by which this delay time can be measured
optically. Firstly, a simple transit time-of-flight measurement can be made for a
single pulse transmitted to the target. Other methods are based on methods
conventionally used in LIDAR technology. According to one method, the phase
difference is measured between a transmitted repetitive wave, such as a
sinusoidal wave, and the wave received by reflection from the target point. The
distance is a function of the wavelength of the light and of the phase difference
between transmitted and reflected waves. Alternatively, the transmitted light can
have a linear frequency chirp applied to it, or be streamed data and the
difference in frequency between the transmitted and the received waves
provides a measure of the distance from which the light was reflected from the
object being ranged. Additionally, there exist methods whereby a predetermined
coding scheme is applied to the transmitted light beam, and the transit time
determined by the change in the code detected in the received reflected beam.

Such methods are very effective for measurement of the range to a single
point remote from the rangefinder. However, the extension of these methods to

rangefinding a complete line or even a complete 2-dimensional area involves
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surface profile may need to be mapped with an accuracg@of sev r al

cent i met hdjdwarg |W'Bﬁ“&ﬁ§eWBPhhm?(!f%d@eoFo'h’éqrE‘P@ablm?ﬂi S Yspdy %%'PEG aeri al
pl atform t e ver
short vva\P ?mt r?r?%-g? g‘lilgrﬁﬁycﬁ Sﬂ%?gq@ngfegs%@ bgﬁ@rrevﬁ? \Aillg(?ﬁbgtr{ée“y\éorrpl ei
and sl ow, equzhenhm Srdinginspnat @sea enappingaie dusteste theveagnidee af thhae
carrier opti aI frequenci es., A camon practi ce|stoa l,i tude ate the
oot 1 cal BiPBIER. HieEraniain otfe TGN BBl CORSTRLEH PN @igteLl heo

ef fecti vepa\ufae/@e‘aﬂ Bt der?l n%}@pﬁgt m%udwa ?leﬂé?ﬁénta'édsdrfbdegdﬁﬁlet myfrré@apenm es

to be neas Using t he del ay neasurement net as an éxa
t he syst cimbes maqqpadlvmtroan rm;burag:yaof;sleasem centimetareat avdistange Qridfwudmrg)s
1/ 100 cy a _di stance neasurenment with an

accuracyc?femﬁ eg%,qmi{ moré rﬂ‘?‘ﬂpglaﬁggféﬂmmﬂri p distance), the effective

wavel engt h r eqmhé edirdét! kre@eeﬂaa‘bsc@rrﬂepmubag dpectanefihesive Vv eefy astiggncy of
the anplitude nodul ated wave of 300 The anplitude nodul ation of the

transmt twaveian@thmnob@erwemlgbrfrﬂswe@p@@t Measurgments; whichaajercaaplesand sel f

" | f
Sour oo ot LB okt PandlRg By Rptkre 46 it eGP WA o8 né Narti@ el |
measur eabcb;@tudam fréquéngiedual q@mmbn rprastices e o aamblutt:deenodeiatemlw optical

difficult when a detector array nust be read, |nvoI Vi g% n% asurenent s
of large wamatsaom%ex@a@agﬁa@&r Hepeencyg; | 'Qnﬁf defetqedengihen, @@é“:ﬁ ng

techn! QUERAGUERGR oY Arabb@lttiBn"Bhldlofashd!!tb! Idwdr! thd rfre%tehe.@@ RO prich a
task at acceptable real” tIme speéds arge Imaging l'ine or array. To
i | [ ust r at mebberga disisg ithe) phpee dielaye measadement rrtethmsd desan egamplejet theri ne

the range to within 0 rt of the wavel en the a I|tu ul at ed
wave, t heWsé%lE‘h'sc‘i?(Haé PP npHa Wermﬁﬁf%ge |‘€j'lt\}? at'?e% ragy Bgi@pl ed
100 ti nesc¥d|@a§fﬁ & 5%efu ngaf%'rﬁa(é aChidieY MEastefddnt WiEBntdtctirdgsot 0 be
performed for a large nu paral l'el pixels, the processing speeds

requi red @uSeme(ier fromsfor dedratinckiripudistanoe)a the eﬁectmerwemlerygth requiredwdl e
therefore ex sts a need,for

ef fecti vePEhtBe C&Fﬁéﬂg"%ﬂ& tor’rﬁﬁp‘? etgét'(\:’%l fIr %%fé'ﬁyngpﬂh‘ﬁgﬁ@gﬂéé)&g&@?*eﬁg

whi ch OVe\!ivﬁOér%? 300 Mgt TRE nSiftudid en6d asrmf a8 Irarsnfifte® wad caly Yee s and
met hods. The di scl osures of each of the publications nmentioned in

this sectperoramed lechioady insthe lasasserceHselpercontouiestyrallypemeansisf a
i ncor por at od, ¥of & FeCO\RtBut 5AHR talef LSurBlih ¥5E Yransmitted optical path. Such

a frequency range is readily measureable for individual pixe! measurements, but
becomes much more difficult when a detector array must be read, involving
multi-measurements of large numbers of pixels in parallel. Signal detection and
processing techniques currently available would have difficulty in performing
such a task at acceptable real time speeds on a large imaging line or array. To
illustrate the processing speeds required, if it is desired to determine the range
to within 1/100 part of the wavelength of the amplitude modulated wave, then
each cycle of the 300 MHZ modulated light needs to be sampled 100 times,
leading to a sampling frequency of 30 GHz. When this has to be performed for a
large number of parallel pixels, the processing speeds required are enormous,
and difficult to achieve currehtly.

There therefore exists a need for a practical system and method for

enabling effective three dimensional mapping in real time with high resolution,
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5 A solution to this problemmay be provided by exciting the AO

nodul at or with acoustic energy at two frequencies, whose difference is a
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modulate the light from a large practical field of view imaged onto a line detector,

which may need to be a few tens of millimeters in length in order to supply the
length resolution required of the mapped area, each pixel being only a few

microns in length.



(11) Mdulation of the AO crystal at a frequency substantially higher than
that required to be able to use the full length of the AO crystal to view a
pr edet er mvoedifisei’d of view. This high frequency enabl epCaacmad@ori st ance
measurenent to be perforned by accurate neasurenent of the phase delay in
the reflected light. (iii) Inmaging of5the | i ght traversi ng the AO crystal
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to transnihe Bsareguandesghihe cg"lij ;Sw%rﬁf’t%@%te glling %‘@oins”'t € MUY ed in
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light passing through different points along the modulator are diffracted at
different points in time. Therefore looking at any point in the crystal, the reflected
light received from the remote point transmitted through that point sees the high
frequency AO interference grid pulsating at the rate of the difference frequency
as the modulation envelope of the traveling grid travels down the crystal past
that point. The interference between the acoustic wave frequency and the optical
modulation frequency thus results in a low frequency modulation, which is the
converted frequency, which contains the phase information of the modulated
light received from the target.

Each segment of the modulator is imaged onto its corresponding pixel (or
pixels) of the detector array. These segments each modulate the modulated
reflected light from points in the field, resulting in a received signal at each pixel
having a converted frequency which is low enough to be in the reading range of
the pixel array, and yet having the phase information providing the distance to be
measured, impressed thereon with the accuracy of the high transmitted light
modulation frequency. The successive peaks or troughs generated by the low
difference frequency envelope of the travelling grid, traverse segment after
s‘egmeht of the AO modulator at the characteristic velocity of the AO wave,
preserving the phase inform‘ation, such that each detector pixel can read the
phase difference information derived with the accuracy of the high frequency
optical information but at tr;e low frequency rate of the mixed signal after AO



(i1) a pixelated detector, adapted to receive light reflected fromthe
point and i maged onto a pixel of the detector, the received |Iight having a
t enpor al wWOgnatussgeari sing fromthe di stance of the poi RCTALZMI/DMVE20sySt €M
(tii) an acousto-optic nodul ator, disposed relative to the pixel ated
detector, such that the received refl 8cted |ight passes therethrough before
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acousto- that pixel, a short while later, since the points of time when the modulation is at a
maximum are progressively later, moving down the AO modulator crystal at the
acoustic velocity with the travelling grid modulation.

In conclusion, this combination of a suitable excited acousto-optic
modulator with a line of pixelated detectors enables the following results to be
achieved:

(i) Use of a long AO crystal in order to view a large field of view, which in the
prior art, was only possible using a low modulating frequency, which could not
provide the measurement accuracy required.
(i) Modulation of the AO crystal at a frequency substantially higher than that
required to be able to use the full length of the AO crystal to view a
predetermined field of view. This high frequency enables accurate distance
measurement to be performed by accurate measurement of the phase delay in
the reflected light.
(i) Imaging of the light traversing the AO crystal onto the pixels of the detector,
thereby dividing the AO crystal into segments, each segment being imaged by a
 different pixel (or pixels) of the detector array, but in which each segment
modulates at a high frequency but independently of its neighboring segments.
(iv) Operation of the line sensor at a speed which enables measurement of each
successive fluctuating segment.

This implementation has been described using phase detection to
determine the range of the measured point, but it is to be understood that a
similar arrangement of a travelling grid in the AO modulator can be used for
making distance measurements based on any temporally imprinted form of
modulation. Thus, the transmitted beam may be frequency chirped, according to

which embodiment, instead of measuring the phase differences between the



optic nodul ator. This acoustic m xing of the pair of acoustic waves may

then generate an optically diffracting grid travelling down the
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(i) a light source assembly configured to transmit modulated light to a point
whose distance is to be measured in the field of view of the system,
(i) a pixelated detector, adapted to receive light reflected from the point and
imaged onto a pixel of the detector, the received light having a temporal
signature arising from the distance of the point from the system,
(iii) an acousto-optic modulator, disposed relative to thé pixelated detector, such
that the received reflected light passes therethrough before impinging on the
pixelated detector, and
(iv) a control system adapted to calculate the distance of the point from the
temporal signature of the received light,
wherein the acousto-optic modulator is excited with a travelling modulating
acoustic wave, such that when modulated light received from the point is passed
through the acousto-optic modulator, mixing occurs which generates a converted
modulated optical wave containing the temporal signature information in a
frequency range substantially less than that related to the modulation of the
transmitted light.

In such an implementation, the modulation of the light from the source
assembly may be generated either within the light sourcé, or by means of an
optical modulator external to the light source. Furthermore, the travelling
modulating acoustic wave may be generated by inputting a pair of acoustic
waves having a difference in waveform, which mix acoustically in the acousto-
optic modulator. This acoustic mixing of the pair of acoustic waves may then
generate an optically diffracting grid travelling down the acousto-optic modulator.

In any of such exemplary systems, the pixilated detector should be
enabled to measure the temporal signature of light received from the point with

an accuracy characteristic of the modulation, and at a rate characteristic of the
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received light containing information relating to a different point in the field of
view. In such a case, light traversing each segment of the acousto-optic
modulator should impinge onto an associated pixel in the pixelated detector.

Furthermore, any of such exemplary systems may further comprise a grey
level detector, such that the system can combine an image of the field of view
together with the distance information. Additionally, in any of the systems, the
pixilated detector may advantageously be a line array.

Referring now to the temporal signature aspects of such systems, in any
of the described systems, the temporal signature arising from the distance of the
point from the system should be a function of the transit time of the light to and
from the point.

- Furthermore, in such systems, the transmitted light may be amplitude
modulated with a predetermined modulation frequency, in which case the
temporal signature is the modulation phase delay of the received light relative to -
the transmitted light.

Alternatively, the transmitted light may be frequency chirped, in which
case the temporal signature is the difference in frequency of the received light
relative to the transmitted light.

In yet another example, the transmitted light may have a temporal coding
scheme applied to it, and the temporal signature in this case is the temporal
code of the received light relative to the transmitted light. '

Yet other implementations described in this application perform a method
for remote distance measurement, cdmprising the steps of:

(i) transmitting modulated light to a point whose distance is to be measured,



(i1) providing a pixelated detector, positioned such that |ight reflected
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waves having a difference in waveform, which mix acoustically in the acousto-
optic modulator. This acoustic mixing of the pair of acoustic waves may then
generate an optically diffracting grid travelling down the acousto-optic modulator.

In any of such exemplary methods, the pixilated detector should be
enabled to measure the temporal signature of light received from the point with
an accuracy characteristic of the modulation, and at a rate characteristic of the
frequency range substantially less than that related to the modulation of the
transmitted light. Additionally, the frequency range substantially less than that of
the rhodulation of the transmitted light, should fall within the rate at which the
pixels of the detector can be read. This modulation of the transmitted light may
be of sufficiently high speed that the distance measurement can be performed
with a predetermined accuracy, and that speed may be substantially higher than
the rate at which the pixels of the detector can be read in parallel.

Yet other implementations may involve any of the methods described
hereinabove, in which each segment of the acousto-optic modulator modulates

received light containing information relating to a different point in the field of



view. In such a case, light traversing each segnent of the acousto-optic
nodul at or shoul d i npi nge onto an associ ated pixel in the pixelated
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temporal signature is the modulation phase delay of the received light relative to
the transmitted light. .

Alternatively, the transmitted light may be freq'uency chirped, in which
case the temporal signature is the difference in frequency of the received light =
relative to the transmitted light.

In yet another example, the transmitted light may have a temporal coding
scheme applied to it, and the temporal signature in this case is the temporal
code of the received light relative to the transmitted light.

Additionally, alternative implementations of any of the above-described
methods may further involve modulating light received from a field of view, the
method comprising the steps of: '

(i) launching a modulating acoustic wave down an acousto-optic modulator,

(i) imaging separate segments of the acousto-optic modulator onto separate
pixels of a pixelated line detector, each segment being associated with a
separate pixel, and

(iii) reading information from each pixel independently,

wherein each segment of the acousto-optic modulator is modulated at a
frequency substantially higher than the frequency at which the acoustic wave
velocity of propagation down the modulator enables modulation of the complete
length of the acousto-optic modulator.

In such a method, each segment may function as an independent

acousto-optic modulator with its own detector pixel. Additionally, the rate of



(i1i1) reading information from each pixel independently, wherein each
segnent of the acousto-optic nodulator is nodulated at a frequency
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modulation.
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:

Figs. 1A to 1D illustrate schematically frequency multiplication in order to -
generate a signal of lower frequency from a high frequency signal,

Fig. 2 illustrates schematically an acousto-optic modulator system
configured for use in a terrain mapping application; and

Figs. 3A and 3B illustrate a novel implementation of the frequency-
excitation of an AO modulator to enable high accuracy real time three-
dimensional mapping to be achieved, without departing from .conventional

detector array reading speeds.
DETAILED DESCRIPTION

In order to achieve high measurement accuracy, as explained in the
Background section, a high modulation frequency is required, typically of the
order of 100 MHz to 1GHz for terrain mappihg applications. Since frequencies of
the order of hundreds of MHz are difficult to process for a detector array with a
high pixel count, frequency conversion can be applied to the received optical
wave in order to reduce the frequency and thus to improve the measurement
simplicity. Frequency shift conversion can be used to reduce the processed
frequencies by a factor of orders of magnitude, to a range easily handled, such

as a few kHz or a few tens of kHz, yet without losing the resolution of the



Figs. 1A to 1D illustrate schematically frequency multiplication in order
to generate a signal of |ower frequency froma high frequency signal;

Fig. 2 ilwobrzmseseschemati cally an acousto-opti c nodul ULTALIN F0@NM0
configured for use in a terrain mapping application; and Figs. 3A and
3B illustrate a novel inplenentation d2 the frequency , excitation of an AO
nodul ator to enabl e high accuracy réal tine three-di meRsi onal ing to be
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the resulting intensity:

| = lo+ 0.5 lalg { cos[(w1-m2)t + ¢] - cos[(w1+w)t + ¢] }

In this result, there are two expressions:

(i) The first term having a frequency (w1-02) and a phase term ¢, which is the
signal of interest

(i) The second term, having a frequency (w1+w2), which is a véry high frequency
term, beyond the response of the detector circuitry, and will thus not be
detected. .

If the frequency w; of the multiplying signal is chosen to be close to o1,
such that the difference (wq-wz) is small and appropriate to the desired low
frequency sampling rate, it will be possible to handle the first term readily and
speedily, and thus to determine the phase ¢ which is proportional to the distance
to be measured. '

Introducing some exemplary values to illustrate how this frequency
conversion is used in the present system, if the modulation frequency of the
transmitted, and therefore also the reflected wave is, for instance, 150 MHz, and
the multiplying frequency is selected to be 150.010 MHz, the output frequencies
after multiplication will be the sum frequency 300.010 MHz, which will is too high
to be detected by the system, and the difference frequency of 10kHz, which is

readily handled by signal processing circuitry even for large pixel arrays.



The original reflected signal fromthe target has an intensity represented
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the optical intensity will have been considerably reduced.

Fig. 1C now shows the effect of frequency conversion on the transmitted
wave and Fig. 1D on the received wave. As is observed, the wave frequency is
lower such that it can be more readily handled by the signal processing circuitry, - -
and at the same time, the phase shift angle ¢ of the received wave relative to the
reference transmitted wave has been maintained on an angular basis, such that
it can be readily measured at the lower frequency. The reduction in frequency
shown in Figs. 1C and 1D has been displayed as substanﬁally less than is used
in practice. A reduction of orders of magnitude is generally practically required.

Returning now to the steps of frequency multiplication, this can be readily
achieved by optical modulation, whereby the incoming wave is optically
modulated in the receiver, before impinging on the light detector. The light output
from such an optical modulator will be the multiplication of the input modulated
light with the optical modulation frequency. A novel method of achieving such
optical modulation is now discussed in more detail hereinbelow. _

With conventional optical modulators, whether electro-optical or acousto-
optical (AO), there are physical limitations which make this implementation
impractical with currently available modulators operated in their conventional
form. The problem arises because of the size of optical modulator required in
order to cover a reasonable field of view with reasonable lateral resolution. Thus
for an exemplary line image sensor having 2,000 pixels, each of which is 7 x 7

um, the image sensor size becomes 14 mm x 7 ym. However the bandwidth of
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required at a range of 200m. Using a 4,000 pixel line array, that means that the -
line array will be able to cover a swath of terrain 40 m. in length. The field of view
of the lens is thus 0.2 radian (40m at 200m range) The beam size x beam
convergence product is thus 50mm. x 0.2 radians = 10mm.radians. Such a large
value is generally regarded as being impossible to achieve with currently
available modulators. For example, a currently available AO modulator of the
order of 1mm. long, has an acceptance angle of about 1 deg, i.e. 0.02 rad. The
Lagrange product of this modulator is thus 0.02 mm.radians, which is a factor of
approximately 500 less than what is required for the current terrain scanning
application.

Reference is now made to Fig. 2 which illustrates schematically an
exemplary distance measuring system, using an AO modulator configured to
provide performance such that it can be used in the above described terrain
mapping application. A light source such as a diode laser source 20, is
modulated, either by means of its internal driver currents, or by means of an

external electro-optical modulator 21, at a frequency fj, sufficiently high that it
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16 the reflected signals may typically have 4,000 pixels, each of 7p w dth.
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the AO nodul ator crystal of the Ppresent exanple, a travelling grating

havi ng an effective envel ope frequency of 150 MHz is generated, which would
pass down the crystal at the characteristic velocity of the acoustic wave.
Such a grating would nodul ate the received 150 MHz |ight passing through
it, but would not generate any of the desired frequency conversion. It
shoul d be noted in passing that it is necessary to use the interference



18 phase grating, which will not nodul ate the anplitude of the traversing
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of 1.5cm Byisimg tihralsat, 2Pt SiUly hdtPgaherge exy YofltHendesired frequency
conversion. It should be noted in passing that it is necessary to use the
interfefence between two acoustic waves to generate the grating that can
modulate the amplitude of light traversing the crystal, since exciting the AO

crystal with a single acoustic wave will result only in the generation of a travelling



It is appreciated by persons skilled in the art that the present invention
Is not limted by what has been particularly shown and descri bed

her ei nabowve.20RzBBI6 t he scope of the present invention PPAENUZEE0®0L0N

conbi nati ons and subconbi nati ons of various features described herei nabove
as well as variations and nodification8 thereto which would occur to a

person of skill in the art upon reading the above descriptjon. and ich are
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completely changed. Fig. 3B shows the effect of inputting acoustic waves of
frequencies, for instance, 424.995 and 575.005 MHz, whose interference results
in a 150.010 MHz acoustic wave travelling down the crystal. When this now
interacts with the traversing modulated light at 150MHz, the result is the sum
interference base frequency of 1 GHz for diffracting the incident light, as shown
within the waveforms in Fig. 3B, but with a 150.010 MHz modulation envelope
applied to it. This grating moves down the crystal at the characteristic velocity of
the acoustic wave, generating frequency down-conversion to the light passing
through and being diffracted by the acoustic wave within the envelope. Looking
now at any point along the crystal, the result is that the 150.010 MHz AO
modulation is no longer constant, but fluctuates at the 10 kHz rate with passage
of the modulation envelope down the crystal length. Thus, at point 30, the
interference grid has a maximum value, and will generate an efficient frequency -
conversion of the incident modulated light, while at point 31 at the same point in
time, there is essentially no interference grid, and there is thus no output at that
point in time, and at point 32, the output is again optimum. Thus the interference
between the acoustic wave frequency at a frequency slightly shifted from the
optical modulation frequency, and the optical modulation frequency itself results
in a low frequency modulation, which is the converted frequency, which contains
the phase information of the modulated light received from the target. Thus,
each pixel sees the modulated light reflected from the field, further modulated by
the travelling modulated grid running down the AO modulator at 6,000 m/s, and
resulting in a 10kHz effective reading rate at each pixel. Every pixel then sees
the reflected light impinging on it at an effective frequency of 10kH'z, with the
phase information relevant to the distance measured being impressed on the 10
kHz waveform, as shown schematically in Fig. 1C and 1D hereinabove.
Thus, each pixel can be read at-a manageable addressing rate, 10kHz in
the example quoted, but can deduce phase information from the incoming light
modulated at 150MHz, such that a high resolution, of the order of centimeters,



an acousto-optic nodul ator, disposed relative to said pixelated detector
such that said received reflected |ight passes therethrough before

I mpi ngi ngwonroslziss47pi xel at ed det ector; and aPCOMLIOL/0®YHt em
adapted to cal cul ate said distance of said point fromthe tenporal
signature of said received |ight, 19 wherein said acousto-optic

nodul ator is excited with a travelling nodul ating acousti c wave, such that
when nodwiait &¢ (obigined cfosi thed distance angagenients 6&%§€W|Qm?6@§ﬁns§]%
acoust o- optJ duly |, %4¢ DG ~AC ' g ;

modul at et sER S A8 audl triHicAEAL! oD BRERT fo iERRKbhGand | |
f r equencythugrapablebst being awitchedsat thbalesiredt150Midz eatet but aonneatedlimai on of

idt jtted light., 2. t cor dj t | ai m 1 wh in th
oo A o e B ST S ) Soelachi, i
W thin S%Elulré@mé/ ﬁor%"nﬁﬁrgsQE?I@étiﬁﬁ"ﬂWﬁigﬁfwiﬂrbé’%Hé:?6 coverbhaigfuenéiarorl to

said |ight "source. ystem according to any of the previous clains
wherei n sdew. travel | i ng nodul ati ng acoustic wave is generated by inputting

Rcousti cal |y | BEesed SERs PRt st ahars Aiteshes rottleants Kiky o
clai m 3 vhehRdratie Gind6ralh td indibisd hediysait Ritige O thacasirenie sto
generates an optically diffracting grid travelling down said acousto-optic
modul at oruse woredhan eee4mesasting feaquengpowith zhe low frequencies being used
for low-resolution measurements and higher frequencies for high resolution
measurements. Thus for example, if it is necessary to measure the distance at a
range of 150m with an accuracy of 1.5cm, one option is to use a mddulating
frequency of 1 MHz and a very high resolution measurement to provide the
desired accuracy. However such a high resolution measurement is difficult to
perform. An alternative option is to use the same 1 MHz frequency in order to
find the distance to within an accuracy of 1m, using a low-resolution
measurement and then to switch to a 100 MHz frequency, which will have a
1.5m wavelength, and to achieve the measurement accuracy of 1.5cm but with
phase ambiguity repeating every 1.5m.
It is appreciatéd 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
subcombinations of various features described hereinabove as well as variations
and modifications thereto which would occur to a person of skill in the art upon

reading the above description and which are not in the prior art.



5. A system according to any of the previous clains wherein said pixilated
detector is able to neasure the tenporal signature of light received from
sai d poi nwowntinsasr6accur acy characteristic of said nodulPariibmwivecdeat a
rate characteristic of said frequency range substantially |ess than that
related to said nodul ation of said trdAsmitted light. 6. A system
according to any of the previous clagj wherein said frequency range
substantially | ess than that of saigﬂggyﬁiation of said transmtted |ight
falls mﬁgﬂ@qﬂéﬁﬁ rate at which the pixels of said detector can be read. 7.
A system according to any of the previous clains, wherein said nodul ation
of said transmtted light is of sufficiently high speed that said distance

neasur enent ¢ b f it h det i, ned . 8. A t
nocor di nght o dhsVsieR (e Bpte dslaneR BEra T PP RSN E dbsi ant i ai 1y hi gher
than said rate at vjigh ddifcd b¥§émbRf corfigdrateicethRsmi aodulaed' IR td &

parallel. 9. A systemaccording to any of the previous clains, wherein
each segmmint whossadistansedis te bgpaeasured in theotieldhod viex eksaid sy¥stead | i ght

SO Syerem aocord RyaIgeR aAGptor, BughiEhitsoMeaR o' (BRI i Gt V! oW
traver si rghigaRd Singgeat onfo aapiteRopeaid defidter; nexidireteived Mghbdemingibo an

associ ated pixel in said pixelated detector, 11. A system according to any
of the prtevirondl sigratute arisinoeemdbagistancrobsajd epintdinen said ¥stYR, such t hat

S anre oot oo "ot 9 TR Hiloled’ R |PSBITAED 520
wher ei n sgdtdctor X slict dtatisber received aeflected alighiypasses therethrough before
impinging on said pixelated detector; and
a control system adapted to calculate said distance of said point
from the temporal signature of said received light,
wherein said acousto-optic modulator is excited with a travelling
modulating acoustic wave, such that when modulated light received from said
point is passed through said acousto-optic modulator, mixing occurs which
generates a converted modulated optical wave containing said temporal
signature information in a frequency range substantially less than that related to

said modulation of said transmitted light.

2. A system according to claim 1 wherein the modulation of said light from
said source assembly is generated either within said light source, or by means of
an optical modulator external to said light source. |

3. A system according to any of the prévious claims wherein said travelling
modulating acoustic wave is generated by inputting a pair of acoustic waves
having a difference in waveform, which mix acoustically in said acousto-optic

modulator.

4. A system according to claim 3 wherein said acoustic mixing of said pair of
acoustic waves generates an optically diffracting grid travelling down said

acousto-optic modulator.



22 13. A systemaccording to any of clainms 1 to 12, wherein said tenporal
signature arising fromthe distance of said point fromsaid systemis a
functi on wb 20t08847ansit tine of said light to and from sardLmoi/mioo20 14. A
system according to any of clainms 1 to 13, wherein said transmtted |ight
is anplitude nodul ated with a predeteti ned nodul ati on frequency, and said

tenporal signature is the podulatio hase del ay .of said.recejve i ght

el Bt ve S’ odh BYBIeiR PO 17 g o 8 PiavEps AMs: BPEHIR GerbPigts

claims 1 Jé?te%t%r_ié"’%%iée'td‘ niedslird RO SBHiprsl éi?ﬂé‘th_ré of lip R peed fohPedid and
said tenporal signature is the frequency of said reCeived light relative to

sai d transoint twith | amhaccuragy chasgetedsticcaforsgichgmodulationofand #Htne Tateo 13,
wherein said transmited light has a tepporal . codi ) Lied. to it,
And sat o SharpbEARiE phid redlithel finde sBRE RGBS Mg TR TRLERE Lo SAid, b
relative hedsmtienof 3arMranseAitteldight. 17. A nethod for renote distance
measur ement, conprising the steps of: transmtting nodulated Iight to a

poi nt whose di stance is to be neasured; provi di ng a pi xel at ed

ont 0. = pi el ob STREln BHClelRfto P el lBLE AR iy A sl o

si gnat ur ergaye\gubktimtially 1dde tHas tiedtas said Ariddiadionndf;said transmitted lightffalls di ng
an acousto-optic nodul ator disposed relative to said pixelated detector,
such t hatwithindhe &atgjatavhickthecpixels ofisgid detestarcanhe @as ough bef ore

i mpi ngi ng on said pixel ated detector; exciting said
acousto-optic nodulator with a travelling nodul ati ng acoustic wave, such
t hat when7.noduhatgstei gidcordingi tedary oofi the dppmiious | claipes sadheréinosgid sai d
acoust o-opti c rr_odu&gt or, mXi nﬁﬁgcc rs. which generates, a convgrted .

nodul at edM@gulatian \?@'Q:dfﬁrh?”h' tqis; Sfpftigieatly fugh rsreed haashith in a
f requencydigp%ﬁtg% aﬁ#?sa{]rt@me'gﬁgébf beGRSdriRl Witk prédéteRfined sufadypdul ation of

said transm
8. A system according to claim 7 wherein said modulation speed ‘is
substantially higher than said rate at which the pixels of said detector can‘be

read in parallel.

9. A system according to any of the previous claims, wherein each segment
of said acoustd-optic modulator modulates received light containing information

relating to a different point in said field of view.

10. A system according to any of the previous claims, wherein light traversing
each segment of said acousto-optic modulator impinges onto an associated pixel

in said pixelated detector.

11. A system according to any of the previous claims, further comprising a
grey level detector, such that said system can combine an image of said field of

view together with said distance information.

12. A system according to any of the previous claims, wherein said pixilated

detector is a line array.



cal culating said distance of said point fromthe tenporal signature of said
received light. 23 18. A nethod according to claim 17 wherein the

nodul at i owoab1igms4iet ransmtted |ight is generated eithePCRILIvINOGh® | i ght
source used to transmt said light, or by means of an optical nodul ator
external to said light source. 19. A28ethod according to claim 17 further
conprising the st ege of generating said travelli n;{:;2 nodul at i ng,acousti c wave

by i nput tthg &A gastersraceosdisgi 1o aavedl sRIMagl 40474.r wherriR $3id igiwpaselm

whi ch m x.; e i j = i at W ‘
accordi n}|§rgé}gféa?rﬁn§}éé¥%ngp’z€ﬁggal L{ZE:%IJ&S)P P'éﬁrfnﬂswgéﬁo%tsea{p ;a)aftﬁ of acoustic
waves gertheatamsitaimepf saidllight tbi afid from sajd goird. t r avel | i ng down said
acousto-optic nodulator. 21. A nethod according to any of clainms 17 to 20
wherein said pixelated detector is able to nmeasure the tenporal signature

of phase (i {1 o epgienPat g oty JTHIRE 1 P43 IWhadidsaiaTRirriikag ignd |1 oht

recei ved poirnt w th an’accuracy characteristic of said nodul ation

f r equencyis amglitatie ampdulaterh avithca gpredeiermafeds miatiulatiquérrgyeneyh and said

substantial ly |ess than.that related to said nodul ation .of id transmtted
iont - 23meRrACIRBHUEE ol Mg PR DR ST R relt R
frequencyoraiigganstttcdidnt! |y I ess than that related to said nmodul ation of

said transmtted [ight falls within the rate at which the pixels of said
detector can be read. 23. A nmethod according to any of clains 17 to 23,

wherein sgid dulation of. sai )1t | - 1.6l - hi gh
speed t hafé'sai s&?@%ﬁ%‘é"ﬂ@?ﬁﬁ%&%ﬁﬁ% ‘Ego ﬁ)%’gpﬁ?ﬁ@dg%/\'ﬁdﬁ ”é“hgirt%?é %tr m ned
accuracy.is frequency chirped, and said temporal signature is the frequency of said

received light relative to said transmitted light.

16. A system according to any of claims 1 to 13, wherein said transmitted light
has a temporal coding scheme applied to it, and said temporal signature is the

temporal code of said received light relative to said transmitted light.

17. A method for remote distance measurement, comprising the steps of:

transmitting modulated light to a point whose distance is to be
measured;

providing a pixelated detector, positioned such that light reflected
from said point is imaged onto a pixel of said detector, said received light having
a temporal signature by virtue of the distance of said point;

providing an acousto-optic modulator disposed relative to said
pixelated detector, such that said received reflected light passes therethrough
before impinging on said pixelated detector;

exciting said acousto-optic modulator with a travelling modulating
acoustic wave, such that when modulated light received from said point is
passed through said acoustb-optic modulator, mixing occurs which generates a
converted modulated optical wave containing said temporal signature
information in a frequency range substantially less than that related to said
modulation of said transmitted light; and

calculating said distance of said point from the temporal signature

of said received light.



24. A nethod according to claim23 wherein said nodul ation speed is
substantially higher than said rate at which the pixels of said detector
can be rex020n/qsa7al | el . WO 2011/ 083476PCT/ 1L2011/ 000020TAB202H000820mEL hod
according to any of clains 17 to 24, wherein each segnment of said

acoust o-opti c nodul at or nodul ates rec@Bved |ight containing information
relating to a different point in said field of view. 26. A nethod according
to any of clainms 17 to 25, wherein light traversing each segnment of said

acoust o- i C I A A OPiNGESA O a agﬁ]%q.'-t o] it Salcd o Rigx el at ed
detector. 27. &Dﬂrr%b'?\%cg %‘t’:é(:gcgéri@gngotgltagp\ngf C a%@ns?qe? ngtﬁpuﬂfhg%u
corrgri si nteprishetted dightfs generatddheithdrewithiethé dight sairce aseddoxXednsnsitisaidt hat
sai d system can conbine_an inmage of said poin whose, di stance i s measured
t oget her lg@htiPrdy means chae OPiR 'd”l“ﬂgi"Pgﬁ.e)g%'.na}&fsonﬁ“ﬁi@ma%?ﬁi ng to any of
clainms 17 to 27, wherein said pixilated detector is a line array. 29. A
met hod according to any of clains 17 to 28, wherein said tenporal signature
ari sing f1®m theneathed accerdifig tmclaimdiTnturthes somprisingyhecstep of geharatingon of
the transit tinme of said Light to.,.and fer.saitg o] n& .

said travelling modulatma acoustic wave py inpu |n§) a pair of acoustic waves

having a difference in waveform, which mix acoustically in said acousto-optic

modaulator.

20. A method according to claim 19 wherein said acoustic mixing of said pair
of acoustic waves generates an optically diffracting grid travelling down said

" acousto-optic modulator.

21. A method according to any of claims 17 to 20 wherein said pixelated
detector is able to measure the temporal signature of phase difference between
light transmitted to said remote line and light received from said point with an
accuracy characteristic of said modulation frequency, and at a rate characteristic
of said frequency range substantially less than that related to said modulation of

said transmitted light.

22. A method according to any of claims 17 to 21, wherein said frequency
range substantially less than that related to said modulation of said transmitted
light falls within the rate at which the pixels of said detector can be read.

23. A method according to any of claims 17 to 23, wherein said modulation of
said transmitted light is of sufficiently high speed that said distance

measurement can be performed with a predetermined accuracy.

24. A method according to claim 23 wherein said modulation kspeed is
substantially higher than said rate at which the pixels of said detector_ can be

read in parallel.



30. A nethod according to any of clainms 17 to 29, wherein said transmtted

light is anplitude nodul ated with a predeterm ned nodul ati on frequency,

sai d tenpyoabligisgetat ure i s the nodul ati on phase del ay ofcsaiLzhit/emetoved

light relative to said transmtted |ight.

and

31. A nethod according to any of

clains 17 to 29, wherein said transmi @ded light is frequency chirped, and

sai d tenporal - si t Is the f : I.d i.ved |Light | at i

Said b t Ao gRECCamING BTN CRITST T i 20 WBREBreA ARG Glo 20,
erein A m ' I | i | toit,
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rel ati ve remtingitd atdifferemt poed in saidtfield 2bvie®@3. A nmet hod of nodul ating |ight

recei ved

froma field of view, conprising the steps of: l|aunching a

nodul ati ng acoustic wave down an acousto-opti c nodul ator;

| magi ng sgyar g éﬁaﬁcﬁé&ggttaeawwﬂé?n@pﬁ Go I ULIRdRIn RghtoraRiaingt

pi xel s of a pixelate

separate

grichedegnaent of said acousto-optic modulator impinges onto an associated pixel
in said pixelated detector.

27. A method according to any of claims 17 to 26, further comprising the step
of detecting the grey level at each pixel, such that said system can combine an
image of said points whose distance is measured together with said distance

information.

28. A method according to any of claims 17 to 27, wherein said pixilated

detector is a line array.

29. A method according to any of claims 17 to 28, wherein said temporal
signature arising from the distance of said point from said system is a function of

the transit time of said light to and from said point.

30. A method according to any of claims 17 to 29, wherein said transrhitted
light is amplitude modulated with a predetermined modulation frequency, and
said temporal signature is the modulation phase delay of said received light
relative to said transmitted light.

31. A method according to any of claims 17 to 29, wherein said transmitted
light is frequency chirped, and said temporal signature is the frequency of said
received light relative to said transmitted light.

32. A method according to any of claims 17 to 29, wherein said transmitted
light has a temporal coding scheme applied to it, and said temporal signature is
the temporal code of said received light relative to said transmitted light.

e

tector, each segnent being asSociated with a



reading information from each pixel independently, wher ei n each
segnent of the acousto-optic nodulator is nodulated at a frequency

subst ant iaDI2g118gdtTer t han t he frequency at which t he aceastuimiwene2ovel ocity
of propagation down sai d nodul ator enabl es nodul ation of the conplete

| ength of said acousto-optic nodul ato25 34. A nmethod according to claim
33, wherein each segnent functions as, an independent acousto-optic

nodul ator with its own detector pixel. 35. A nethod according to claim 33,
wherein the rate of reading of information fromthe pixels in said |line
detector is not limted by the acoustic wave velocity of propagati on down
sai d acol33.o- pnmethod diiinadchiating light received from a field of view; comprising the

steps of:

launching a modulating acoustic wave down an acousto-optic
modulator;

imaging separate segments of the acousto-optic modulator onto
separate pixels of a pixelated line detector, each segment being associated with
a separate pixel; and

reading information from each pixel independently,

wherein each segment of the acousto-optic modulator is modulated at a

frequency substantially higher than the frequency at which the acoustic wave
velocity of propagation down said modulator enables modulation of the complete

length of said acousto-optic modulator.

34. A method according to claim 33, wherein each segment functions as-an

independent acousto-optic modulator with its own detector pixel.

35. A method according to claim 33, wherein the rate of reading  of
information from the pixels in said line detector is not limited by the acoustic

wave velocity of propagation down said acousto-optic modulator.



