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1 SONAR VISION METHOD AND APPARATUS TECHNICAL FIELD 5
[001] This invention concerns the use of sound waves, including
ultrasound waves, in imaging an area or surroundings and the objects
therein based on echo or reflected waves from the objects or
surroundings. An apparatus using suchymethods is also disclosed. 10
BACKGROUND ART [002] One of the most useful general purpose
instrument for military and 15 law enforcement use is the night vision
devices which alRARARAR NN B iR sHERMRA Tddes not
normally allow the human eye to see, for example under very little or no
ambient light. Thermal imaging devices may operate in complete
darkness but requires thermal radiation to form images from heat
radiation signatures, i.e. could only see for example thermally 20 exposed
bodies of humans and animals. [003] Conventional night vision devices

such as from the moon or stars and by detecting that
small amount of light by photoelectric means and amplify the electron
effect on a phosphor screen. lllumination may 2

[001] This invention concerns the use of sound waves, including ultrasound
waves, in imaging an area or surroundings and the objects therein based on
echo or reflected waves from the objects or surroundings. An apparatus using

such methods is also disclosed.

BACKGROUND ART

[002] One of the most useful general purpose instrument for military and
law enforcement use is the night vision devices which allows human vision
under conditions which does not normally allow the human eye to see, for
example under very little or no ambient light. Thermal imaging devices may
operate in complete darkness but requires thermal radiation to form images
from heat radiation signatures, i.e. could only see for example thermally

exposed bodies of humans and animals.

[003] Conventional night vision devices rely on ambient light such as from
the moon or stars and by detecting that small amount of light by photoelectric

means and amplify the electron effect on a phosphor screen. lllumination may
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also be provided actively such as radiating light beyond human visible
spectrum such as infrared and use the same photoelectric amplification to
provide vision. 5 [004] Night operations in urban warfare or under thick

forest canopy night operations which occur in built-up areas, ambient light

may not be available sufficiently or maypeven be in complete darkness
rendering such night vision devices useless. Actively providing

illumination such as infrared to enable convention night vision devicesto
Aok Reulargdedvaacinely paiiorafhErfigtiide d@ld bsiskinty atksvisible
night vision devices. As with all optical or light means, object ranging
PRFHAIN PHERaASe IBfrareshiald fiépe éh%b%%ﬁ%r?%@@é*@ﬁ'@i@@ﬂ) ification to
reflection is difficult due to the high speed of light. [005] Hence, it is now
PrepiieMigiit-sound waves be used for night vision 15 purposes in such

close range atmospheric environment similar to echolocation practiced by
animals such as bats, or sonar (sound navigation and ranging) in

underwater applications. As our invention also includes o_bi(ect ranging, in
{R4k peciEhtioPP Gra RS Eingr B iraRERrsoRh 4N de b Hhiek i RSiceamieRy night
or "acoustic location" and the like interchangeably in a loose mannerto
RREIRUY T NHE 0PSB EMvRIVE R BrEGRIcHNRER IR &eoReaisbe available
surroundings or field covered by the sound waves, including specific

SHIGEtentHY fBRY YR RBiRcHRIBRK IndRraRtH eBAHRASHERNIgt vision

practiced for more than 20 years. Basically, sonar signals are emitted,
AsMeasy ‘é?f’dﬁﬁsradi‘é?é'é{%/f providing illumination such as infrared to enable

convention night vision devices to work would give away one’s position when
detected by opposing forces’ night vision devices. As with all optical or light
means, object ranging (estimating distance of an object from an observer)

based on direct reflection is difficult due to the high speed of light.

[005] Hence, it is now proposed that sound waves be used for night vision
purposes in such close range atmospheric environment similar to echolocation
practiced by animals such as bats, or sonar (sound navigation and ranging) in
underwater applications. As our invention also includes object ranging, in this
specification, we are using the terms “sound”, “sonar”, “echolocation” or
“acoustic location” and the like interchangeably in a loose manner to mean
the use of sound waves to provide a visual image of one’s surroundings or field

covered by the sound waves, including specific objects in the field.

[006] 3-dimensional imagery with sonar has been practiced for more than

20 years. Basically, sonar signals are emitted, reflected and/or radiated by
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3 objects are sensed, focused and amplified. They are then recognized,
interpreted & processed through algorithms and computing means into a

user perceivable output or display. 5 [007] For example, in U.S. Patent

No. 4,667,199 (Roberts), radar reflected from objects of non-uniform

reflectivity such as clouds and other atmyospheric bodies. Using object
modeling algorithm, imaginary radial scan data are modulated to provide

an image of the object for weather and storm imaging purposes. Although
RRigGSs & oRsNsSHar,fAeUSEstripfien amRMIRM wBRYLBFefldbgih spcognized,
configuration is made and this prior art basically concerns the algorithm

1B REGIER PaPIPRSRSICREP AR FEBR [BUBS IANY. SOPRUH ARSI user
(Copeland), 3-dimensional imaging is achieved through the principle of
arfeRIMaRISeHEME ardigRidly spaced 15 sensors placed along the wing

span of an aircraft. This configuration is thought to work with a wide range

of medium - video, radar, sonar, infrared or laser - to produce stereo

display despite the physical disparity between the waves of different

EHQ%ila. 20 1009X YR IPaRM-Qo PRENE, Nou (reRrdSD(ReBREEInsaEIETlected
sonic waves for 3-dimensional image display. This prior art is also _
HORRRRIGF S SERS-FERIU B SBRMIWEN EY Gt §5aei daitasiderthplaaigaspheric
displaced receivers. The wave differential in terms of time, space or both

Q@}ﬁgdmé{g@%ngbﬁggég@@ling algorithm, imaginary radial scan data are

modulated to provide an image of the object for weather and storm imaging
purposes. Although it claims to cover sonar, no description on sound wave
reflection or configuration is made and this prior art basically concerns the

algorithm for providing a 3-dimensional imagery.

[008] In U.S. Patent No. 4,805,015 (Copeland), 3-dimensional imaging is
achieved through the principle of differential sensing, i.e. widely spaced
sensors placed along the wing span of an aircraft. This configuration is thought
to work with a wide range of medium - video, radar, sonar, infrared or laser — to
produce stereo display despite the physical disparity between the waves of

different media.

[009] U.S. Patent No. 5,077,704 (Tannas, Jr.) concerns solely sonic waves
for 3-dimensional image display. This prior art is also configured to sense
reflected sonic waves at spaced out or left and right displaced receivers. The

wave differential in terms of time, space or both are modulated and processed
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4 to produce different left and right images presented to the viewer to be

fused by the viewer's own brain into a 3-dimensional image. [010] These

prior art teachings thus rely on a single point (at each of left or 5 right

sensing) or a base line (1-dimension sensing along air plane wing span)

for sensing purposes and their respective applications are intended for
detecting well-defined and well-known objects far and wide apart such as

other flying aircrafts. There would be severe limitations on adapting these
pisreft @ AiftrIendRE RIEKSBLIRREEHRIGHRNG I e EwE clodeetdised by
one another in 10 a built environment including indoors in total darkness
Haviemeres e Rrain deinay 8- EmenEiNEal MegeDISCLOSURE 15 [011]

Our present invention endeavours to provide an alternative night vision

device which avoids the inherent shortcomings of the prior art. Our

invention also endeavours to enable its methods and/or apparatus to be
EBHbined\IRALRLARGMHILRAGHEIGR HRia RSN PRIR CEp Asifeef left or
as 20 well as to present sonar devices that are used mainly for )
ERESPARP APPlicalaRs {extérdimRisiose /N RAY. alPBECRY, Blgne wing span)

invention will better equip tactical and reconnaissance personnel in their
flid SpedbrRuEposes and their respective applications are intended for

detecting well-defined and well-known objects far and wide apart such as other
flying aircrafts. There would be severe limitations on adapting these prior art
configurations for close-range imaging of many objects close to one another in
a built environment including indoors in total darkness as we have set out to

achieve.

STATEMENT OF DISCLOSURE

[011] Our present invention endeavours to provide an alternative night
vision device which avoids the inherent shortcomings of the prior art. Our
invention also endeavours to enable its methods and/or apparatus to be
combined with existing night vision equipment to extend their capabilities, as
well as to present sonar devices that are used mainly for underwater
applications to extend their use on land. In effect, our invention will better

equip tactical and reconnaissance personnel in their field operations.
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[012] In a first aspect of our invention, it is provided a method for sonar

imaging and ranging of objects comprising: (i) generating sonar waves at
objects to be imaged and ranged; (ii) capturing sonar waves echoed or
reflected from said objects; (iii) transducing the captured sonar waves into

5 electronic signals; (iv) conditioning theselectronic signals, including any

one or combination of reducing distortion, biasing, noise filtering,

amplifying and digitizing; (v) processing the conditioned electronic signals

iR displd) Sigiieatk asresieRf fUedBYBREK HaleHEQYiRedng anethod for sonar
beamforming processes are performed, and (vi) displaying said display
W@%@Uau&ﬁﬁﬁ@e@%ﬁ%@@@ﬁ}@é@.ﬂ@mﬂ) PYERGEHINOtHEOsaRavaves at
waves are transmitted as ultrasonic waves with suitable amplification

ARSEBy hebSoriBaggde 2Bfe ERNPRGE (B} RBRIHERS $RRVJ WRves echoed or
feedback/input from the (v) display signal processing step. 15 [014] In a _
%@%ﬁ@%ﬁf@ﬂhiﬁféﬂtﬁh@%&%pﬁ'& Eaprelivgnhdieasadielsyg theNgpnypaves into
waves are achieved by a plurality of electro-acoustic means which may
BEpHARIaItals alhaly CUIEYIREINER S IREHIAY clishBlss BEidingaRy. one or
Preferably, beamforming technique is used to improve the signal to noise
FRBLIRIDBIPALIGLHRINA afi RN riRAR RPpIRRISSH HisskiafoAmMIITYINg and
signal to obtain the range information of an object, including on each of

mgimggﬁéﬁ)oqr@@%ﬁﬂgéa%@pﬁqgtioned electronic signals'into display signals,

wherein at least one of matched filtering and beamforming processes are
performed, and (vi) displaying said display signals as visual images of said

objects.

[013] Preferably, the sonar waves are transmitted as ultrasonic waves with
suitable amplification whereby the sonar waves are amplified or modulated

based on feedback/input from the (v) display signal processing step.

[014] In a specific embodiment, the steps of capturing and transducing the
sonar waves are achieved by a plurality of electro-acoustic means which may
be provided in an array corresponding to imaging elements of displaying.
Preferably, beamforming technique is used to improve the signal to noise ratio.
Preferably still, matched filtering is applied on a beamformed signal to obtain
the range information of an object, including on each of the direction of the

echoed signals.
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6 [015] In another specific embodiment, the processing step may include
processing the signals according to any one or combination of the

direction, range and magnitude of said echoed sonar wave and displaying

said processed signals as 3-dimensional image information. 5 [016] As a
preferred embodiment, the frequencies g@f the sonar waves transmitted

and echoed from at least one of the objects are processed according to
Doppler effect to estimate the relative velocity of said object. Alternatively,
aRlrality!of BNORIBFeSRRF b cRiBRRIINtRRE sHemRIP BRSFIRGralgP 1may Include
incorporated in an integrated circuit. [017] In a second aspect of our
PRASeSHI Qi piraals RCEREIBRAFANYoRRER iRlagRigRInatianphdhst direction,
objects comprising (i) at least one sonar wave transmitter capable of _
FROS8C AR BaANbIoe \Phvedist S8R0 I RhalEya sl rdisgtayiny said
a plurality of electro-acoustic transducers capable of transducing sonar

WRRES aef RIgNalS SR MO Q27 Iea Nt aERRonic signals; (i) at

least one of electronic circuits for conditioning the electronic signals,

including any one or combination of electronic means for reducing

distortion, biasing, noise filtering, amplifying and digitizing said electronic
fL6hnalf%iv} RTIBERT o eSEOSRTIS Yor iR cESSineNSifg ehiciftshigonar waves

signals into display signals wherein at least one of matched filtering
Hraginbieshrgifhisghoed from at least one of the objects aré processed

according to Doppler effect to estimate the relative velocity of said object.
Alternatively, a plurality of the aforesaid electronic processes may be integrally

incorporated in an integrated circulit.

[017] In a second aspect of our invention, an apparatus is disclosed for
sonar imaging and ranging of objects comprising (i) at least one sonar wave
transmitter capable of broadcasting said sonar waves at objects to be imaged
and ranged; (i) a plurality of electro-acoustic transducers capable of
transducing sonar waves echoed or reflected from said objects into electronic
signals; (iii) at least one of electronic circuits for conditioning the electronic
signals, including any one or combination of electronic means for reducing
distortion, biasing, noise filtering, amplifying and digitizing said electronic
signals; (iv) at least one processor for processing said electronic signals into
display signals wherein at least one of matched filtering and/or beamforming
processes are performed; and (v) a display capable of converting said display

signals into visual images of said objects.
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processes are performed; and (v) a display capable of converting said

display signals into visual images of said objects. 7 [018] The sonar

wave transmitter is preferably provided with a power amplifier which may

modulate the transmission of the sonar wave transmitter based on

feedback/input from the processor. 5 [0%9] As a specific embodiment, the

electro-acoustic transducers may be provided as microphones arranged

in an array corresponding to picture elements' layout of the display.

K8 rably osailefoprRirR siesaidAg 48 iRreiehably retrundedhrvtinyaaoower

2.4 mm apart from one another. 10 [020] As another specific embodiment,

fHBRiRe ¥y e AN PR WrRia dBel AR SRHTOPA G rithnIengr Yk fgnsmitter

the signals according to any one or combination of the direction, range

RagedYhierPEEKAMPHEHSSY EshBrA%8Se0and displaying the processed

signals as 3-dimensional image information via a suitable imaging or

display device. 15 [021] As an alternative embodiment, a Doppler

frequency detector is_included wherein the differential frequencies of the
warss &Hhifte CTRRQEEHIEY HonFiRIEQsRerIsHE tfabBRfbasrareray be

processed to estimate the relative velocity of the object. A plurality of the

et BFcURCIBPDBNAS darAaRg CeoMtitRimirRyTaNd/erhEsessigtHe picture

silgnals may also be _ _ )
elements’ layout of the display. Preferably, 400 microphones are arranged in

20 x 20 rectangular array at 2.4 mm apart from one another.

[020] As another specific embodiment, the processor may further include
logic and/or algorithm for processing the signals according to any one or
combination of the direction, range and magnitude of said echoed sonar wave
and displaying the processed signals as 3-dimensional image information via a

suitable imaging or display device.

[021] As an alternative embodiment, a Doppler frequency detector is
included wherein the differential frequencies of the sonar waves transmitted
and echoed from at least one of the objects are processed to estimate the
relative velocity of the object. A plurality of the electronic circuits for
modulating, conditioning and/or processing the signals may also be

alternatively provided integrally in an integrated circuit.
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alternatively provided integrally in an integrated circuit. 8 LIST OF
ACCOMPANYING DRAWINGS [022] To facilitate better understanding of
our invention we shall refer to the following drawings by way of specific or
preferred embodiments which are 5 exemplary and not limiting, in which:
[023] FIGURE 1 discloses an algorithm gor the method according to our
invention to produce 3-dimensional imaging from reflected ultrasound
waves; and 10 [024] FIGURE 2 discloses a schematic diagram of the
1) L% » Y @ayagratus according to the invention.
15 DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS [025] The
general embodlment of a sonar imaging and ranging apparatus
lementing a method according to our invention comprises of one or

£?é son&? gf%FﬁrQ‘?HﬁtreHW%%HBIQWWM&WN}VWM%QO the
at a field or 20 area wherein are present objects to be imaged and ranged
FrifeyerieiAFRHIBERyRY WanlisshepfidePAbifeiRE @8 nampadenents Wh'Ch are
transmitted is ultrasound waves. 9 [026] With reference to FIGURE 1 and

EKGUIRIErY aBskBavHfItAG. dBrRich:

[023] FIGURE 1 discloses an algorithm for the method according to our
invention to produce 3-dimensional imaging from reflected ultrasound waves;

and

[024] FIGURE 2 discloses a schematic diagram of the main components

employed in the apparatus according to the invention.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[025] The general embodiment of a sonar imaging and ranging apparatus
implementing a method according to our invention comprises of one or more
sonar wave transmitter that is capable of broadcasting sonar waves at a field or
area wherein are present objects to be imaged and ranged before being
displayed to the user. Preferably, the sonar wave transmitted is ultrasound

waves.
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wave transmitter (10) will emit sound signals (12) in short bursts. On each

burst a "chirp" wave from 30 kHz - 40 kHz is transmitted. This signal wave

will provide for a range resolution of about 17 cm. The range of the
transmission 5 may be designed to be 4 m. The selection of range of

frequency transmitted will affect the typg of transmitter (10) and receiver

(20) selected. It will also influence the performance of range resolution

and spacing between the receivers (20) which indirectly affects the

H20Lith r¥sBiutisiyenegotor FADHUREIL) ansletifeltRBustiealsstvaberéhe sonar
(20) which are capable of detecting sonar or ultrasound waves (12)

S apABiaelélewith st seinsbierAs Al deshrskibgraie:  On each
waves (12) into electronic signals are then deployed. The electro-acoustic
R cehd P2 BYaMey e 3V a4 Onfidho|hibABS YRS GrrdRiedignahwave will
array (22) corresponding to picture elements' 15 (30) layout of the display
@royide drarénReecERTJuHALAT 200WhitlosRbnddGaNge afrHiRE@nsmission
20 x 20 rectangular array at 2.4 mm apart from one another. Several _

B N6EE Siqeilpabi itad BB cdifRRelerlier<idanse Hokassiprcydransmitted
[028] The electronic signals may then be conditioned by any one or _
¥atnBifeglotheryireurs E@@%@&%hé&b FBHURERIESi6R) BRISHE thoillewill also
filtering and amplifying before digitizing the signals by a digitizer (26). 10
[0B9EHTe HronHe INGRRESECladRMEY 15%%93%% (odesBaRNg between the

conditioned S ) _
receivers (20) which indirectly affects the azimuth resolutions.

[027] A plurality of electro-acoustic transducers (20) which are capable of
detecting sonar or ultrasound waves (12) echoed from or reflected (13) off the
objects (14) and converting the waves (12) into electronic signals are then
deployed. The electro-acoustic transducers (20) may be provided as
microphones (20) arranged in an array (22) corresponding to picture elements’
(30) layout of the display (32). In a preferred configuration, 400 microphones
may be arranged in 20 x 20 rectangular array at 2.4 mm apart from one
another. Several echoes or reflections may be collected or received for

processing.

[028] The electronic signals may then be conditioned by any one or
combination of circuits (24) designed to reduce distortion, biasing, noise

filtering and amplifying before digitizing the signals by a digitizer (26).
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and digitized electronic signals using one or more of the processing

algorithm or techniques which may include at least matched filtering (402)

and/or beamforming (401) techniques or algorithm wherein the signals

are processed 5 according to its direction, range and magnitude of the

echoed sonar or ultrasound wave. [03@hBeamforming is a known signal

processing technique using with arrays of transmitters or receivers (20)

such as microphones in our case) so 1o that, with the differential -
Ween &4t OF fRBIR-BEARSESEIS)(4Ak Mirydie I BFGia BEXRSithGoapeditioned

signals may be controlled. Upon receiving a signal wave, the _ _

BeAnsigiTiAg 8lgeHaAHE RNMHErHaN tRBSERIMOIE Bf theserrRseseiag algorithm

(20) in the direction of the signals and decrease the sensitivity of the

SthdPeBRiueS WHRBsE At BdUdRiiRictisAt malehesy Bitpilng, (402) and/or

interference or noise. 15 [031] In other words, beamforming technique

REsEPTEHE IR (0% el nigvRRifkyAHEFB cuRRieHIckifoRigAMs Rre processed

enhances the signal from a particular location (where we want to

SEEMEHY alf §5pNERSHRY sifRRESfrBRf ofhe@NIksf Phgthee PHReReGNar or

noise from other directions). Say, there is a hard 20 object in the field or

SHERROM AR alized" that is of our interest, there will be a strong signal

detected from that point. If there is nothing at that point/position, there will

be no signal. In order to obtain the outline and texture of the object, you

have to perform beamforming over the field or space of ] ) ]
[030] Beamforming is a known signal processing technique using with

arrays of transmitters or receivers (20) (such as microphones in our case) so
that, with the differential between each of the receivers (20), the direction of
and sensitivity to the signals may be controlled. Upon receiving a signal wave,
the beamforming algorithm may increase the sensitivity of those receivers (20)
in the direction of the signals and decrease the sensitivity of the other receivers

or those that are in direction of unwanted signals, interference or noise.

[031] In other words, beamforming technique ‘steer’ the directivity and
sensitivity of the receiver electronically. It enhances the signal from a particular
location (where we want to see/hear) and suppressing signals from others
(reducing the influence of noise from other directions). Say, there is a hard
object in the field or space to be “visualized” that is of our interest, there will be
a strong signal detected from that point. If there is nothing at that
point/position, there will be no signal. In order to obtain the outline and texture
of the object, you have to perform beamforming over the field or space of

interest.



10

15

20

interest. 11 [032] In employing beamforming technique in our present

invention to find direction, the aforesaid echo or reflected signals (13) as

transduced from the microphones (20) may be processed by the

beamforming algorithm whereby 5 the signals received in the direction of

the echo or reflected ultrasound signal 1@re enhanced while echo from

other directions are reduced. A hard and rough object will give a stronger

echo and based on the intensity of the signal, the texture and shape of

object can be visualized or shown in a display. 10 [033] Matched filtering

is a known technique in electronics signal processing, particularly in _
REbmmiinRBHNRYHI beagHAURENE e eNmakada Tl PIeeRIthiRERion to find

correlating a known signal, which is taken as a template, with an

dHRGERM S ATRIRRAKLEFROpPEJERES e ORiORM D ICkd)iRehEaIed from the

signal. The matched filter is the optimized for maximizing the signal to

AYLOREORED (BARNHYIRE feXErsediNoidie Lemmicsing Alaeciaa whereby

filters are commonly used in image processing. In our invention, matched

e rhignale RARI %S USCH PR VERURIY OF K Pin e lesiacblspaRund signal

object. [034] Matched filtering (402) is performed on each of the direction

8 enRNBRNGEINBHAEF IR HAID 1BLBBEHAH RRETAR G TRARERHN AU and rough

direction and range information to give 3-dimensional image of the

ShIRSENMY 8IS e plteNaRicARTIRaBthBa515ECPE fien IaFRNSIDE of Ake signal, the

processed information on each _ ] _ )
texture and shape of object can be visualized or shown in a display.

[033] Matched filtering is a known technique in electronics signal
processing, particularly in telecommunication and radar, whereby a matched
filter is obtained by correlating a known signal, which is taken as a template,
with an unknown signal to detect the presence of the template in the unknown
signal. The matched filter is the optimized for maximizing the signal to noise
ratio (SNR) in the presence of noise. 2-dimensional matched filters are
commonly used in image processing. In our invention, matched filtering

algorithm is used for ranging or estimating the distance of an object.

[034] Matched filtering (402) is performed on each of the direction of the
beamformed signals to obtain the range information. Using direction and range
information to give 3-dimensional image of the surrounds thus help to
discriminate the object’'s form and size. The processed information on each

direction is then plotted to give data having 3-dimensional image information



10

15

20

direction is then plotted to give data having 3-dimensional image

information 12 and magnitude which may then be fed into a display (32)

which is capable of converting the display signals into visual images of

the object (14). [035] The ultrasound wave transmitter (10) may preferably

be provided with 5 a power amplifier (42) so that the sound wave may be

first modulated or amplified before being transmitted at a suitable

amplitude or frequency. The pre-transmission modulation may be

A0 MAHINOS A Bh Sealoth ese BB d dhthhudisBAHS Praveishols(gepable of
upon assessing the strength and clarity of the display signals resulting
HBRYERENSHEVOHS RiENCTE A PSR YiPURNBRA GRS thhﬁsfgi’iéﬁ (Aehke

resultant processed signals are weak, the processor may automatically

send a feedback signal to the transmitter to increase the amplitude of the
ultrasound wave generated. [036] Another preferred embodiment of our _
A tion 'R WERRRIBCDBKR A iiRieHd) detycRiR@RhReeRiaMisled with
differential frec1_u_encies of the sonar waves transmitted and echoed from

8t RRAYEH RN IHRr offiélt$ 1 HyalrdNs osR4Bd MG VEstit O difslafiedulated or
velocity of the object or target. The frequency domain information of the
éBPHEseEJrb@f@&é&W&vH@'ﬂﬁHWﬁGs%eap%ﬁé@%oﬁfBpHBt@ﬁTﬁﬁéfﬁféJenCy- The
relative velocity between the observer or transmitter and object. 20 Given

e H8ppBISFEYLEMIU ISR SRR aH ICAAIEAH Y HBARGRRESt fHe feedback or

object moving relative to (i.e. away or towards) the observer. _
input from the processor (40) upon assessing the strength and clarity of the

display signals resulting from the previous echoed ultrasound waves. For
instance, if the resultant processed signals are weak, the processor may
automatically send a feedback signal to the transmitter to increase the

amplitude of the ultrasound wave generated.

[036] Another preferred embodiment of our invention is to include a Doppler
frequency detector (34) wherein the differential frequencies of the sonar waves
transmitted and echoed from at least one of the objects (14) are processed to
estimate the relative velocity of the object or target. The frequency domain
information of the echoes or reflected waves may thus be processed to
determine the relative velocity between the observer or transmitter and object.
Given the Doppler frequency detected, we can calculate the velocity of the

object moving relative to (i.e. away or towards) the observer.

[037] It will be obvious for a person skilled in the art that some or all of the

above electronic circuits for modulating, conditioning and/or processing the
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[037] It will be obvious for a person skilled in the art that some or all of the
above electronic circuits for modulating, conditioning and/or processing

the 13 signals may be integrally provided in the form of an integrated

circuit (IC) so that they all appear in a single component or IC. With the

use of devices of integrated functions, fie apparatus may be made into a
compact or hand-held device such as a goggle and binoculars or

monogle and monocular. 5 [038] Other applications for which a skilled

piraals, Osdh brieaiait Briferhvanieh foray fdaptibiaacdag circuit (IC) so
therefrom include applying it in situation awareness purposes such as
inataiaey P ARAeRsr IBhacHRgle e ABARBFISY '5gai§\§ﬁ thesiepe Phedrvices of
variations and other modifications are to be io considered as different
EHRAIeR A6HoE iR RRAENY B3 BE BAJRIEEY 2s0AIRAghAtHRNd-held
the scope and letter of the following claims. 14 CLAIMS 1. A method for

S6Ma PG NGSR @ PHOHRRNEf RIPREIAED RIpSIAG IS BNE e A onar

waves at objects to be imaged and ranged; (ii) capturing sonar waves

echoed or reflected from said objects; (iii) transducing the captured sonar
waves into electronic signals; (iv) conditioning the electronic signals,

ifd8king Qﬁ@%r@@fi%ﬁ'ﬁﬁﬁ&kwhi‘:h a skilled person, upon being taught of our

invention, may adapt or modify therefrom include applying it in situation
awareness purposes such as installation perimeter observation or monitoring
against intrusion. These variations and other modifications are to be
considered as different embodiments of our invention and are to be considered

as falling within the scope and letter of the following claims.

*k%k



of reducing distortion, biasing, noise filtering, amplifying and digitizing; 10
(v) processing the conditioned electronic signals into display signals,
wherein at least one of matched filtering and beamforming processes are
performed, and (vi) displaying said display signals as visual images of
said objects. 15 2. A method for sonarjmaging and ranging of objects
according to Claim 1 wherein the sonar waves are transmitted as
ultrasonic waves with suitable amplification. 20 3. A method for sonar
imaging and ranging of objects according to Claim 2 wherein the sonar
waves are amplified or modulated based on feedback/input from the

4 ignal processing step. 15 4. A method for sonar imaging and
ranging of objects according to Claim 1 wherein at least one of the steps
of capturing and transducing the sonar waves is achieved by a plurality of
electro-acoustic means. 5 5. A method for sonar imaging and ranging of
dbjects act GGG etIaPR2Y IMASHER ARE EA9IB0RLARIRCH CARRRAIEING:

provided in an array corresponding to imaging elements of displaying.
0] generating sonar waves at objects to be imaged and ranged,;

(i) capturing sonar waves echoed or reflected from said objects;
(iii) transducing the captured sonar waves into electronic signals;
(iv) conditioning the electronic signals, including any one or combination

of reducing distortion, biasing, noise filtering, amplifying and digitizing;

(v) processing the conditioned electronic signals into display signals,
wherein at least one of matched filtering and beamforming processes
are performed, and

(vi) displaying said display signals as visual images of said objects.

2. A method for sonar imaging and ranging of objects according to Claim
1 wherein the sonar waves are transmitted as ultrasonic waves with suitable

amplification.

3. A method for sonar imaging and ranging of objects according to Claim
2 wherein the sonar waves are amplified or modulated based on feedback/input

from the display signal processing step.
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10 6. A method for sonar imaging and ranging of objects according to

Claim 1 wherein beamforming technique is used to improve the signal to

noise ratio. 15 7. A method for sonar imaging and ranging of objects

according to Claim 6 wherein matched filtering is applied on a

beamformed signal to obtain the range mformation of an object. zo 8. A
method for sonar imaging and ranging of objects according to Claim 6

wherein matched filtering is performed on each of the direction of the

echoed signals. 16 9. A method for sonar imaging and ranging of objects
wherein the processing step includes processing the signals accordingto
4ny one of ENNHIAH R IR ERRBBIM AiF ISR RRIRIBGHEIRT to Claim
echoed sonar wave and displaying said processed signals as

3 hereiib Rl ipRshOntorhatensiSRD . A RRRABIND ASEhABRsYIHRGiBe sonar
ranging of objects according to Claim 1 wherein the frequencies of the

¥EnasiaashieRehtadriHal i clearlior agodsiis AMAaBBthe objects are

processed according to Doppler effect to estimate the relative velocity of
said object. 10

5. A method for sonar imaging and ranging of objects according to Claim
4 wherein the electro-acoustic means are provided in an array corresponding to

imaging elements of displaying.

6. A method for sonar imaging and ranging of objects according to Claim

1 wherein beamforming technique is used to improve the signal to noise ratio.

7. A method for sonar imaging and ranging of objects according to Claim
6 wherein matched filtering is applied on a beamformed signal to obtain the

range information of an object.

8. A method for sonar imaging and ranging of objects according to Claim
6 wherein matched filtering is performed on each of the direction of the echoed

signals.
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11. A method for sonar imaging and ranging of objects according to any

one of Claims 1 - 10 wherein a plurality of the electronic processes are
integrally incorporated in an integrated circuit. 15 12. A method for sonar
imaging and ranging of objects according to Claim 1 whereby -

successive ultrasonic wave bursts are tygnsmitted at the objects and
surroundings to be imaged and ranged; 20 - successive bursts of wave

signals are reflected or echoed off the objects and surroundings signals

8re receiRdBANBANEIUSOAHT dPaginge REnsRAGIAY tolcabiagenwhslein the
arrangement of display imaging elements; beamforming algorithm is
PEPFAIRREIDORIEI difctidRs dirafeasigedneighianatecaneipgnéo any one or
2-dimensional array; 17 signal processing is performed to enhance the
faTebiRatitneeh &Rl AiigREMof 220 BNthE'RBHLHERsOhiAtth SHePRE Fonar wave
performed on each of the directions; matched filter is applied onthe
BegAisRRY NG gAKIIO eptartR NI AgSIIBIRNTIBRAt B RgRJaformation.
information is plot processed on each direction; wherein the direction
information and range information provide a 3-

10. A method for sonar imaging and ranging of objects according to Claim
1 wherein the frequencies of the sonar waves transmitted and echoed from at
least one of the objects are processed according to Doppler effect to estimate

the relative velocity of said object.

11. A method for sonar imaging and ranging of objects according to any
one of Claims 1 — 10 wherein a plurality of the electronic processes are

integrally incorporated in an integrated circuit.

12. A method for sonar imaging and ranging of objects according to Claim
1 whereby

- successive ultrasonic wave bursts are transmitted at the objects and
surroundings to be imaged and ranged,;

- successive bursts of wave signals are reflected or echoed off the
objects and surroundings signals are received and transduced in a 2-
dimensional array to correspond with arrangement of display imaging elements;
- beamforming algorithm is performed on all directions of the echoed

signals received by the 2-dimensional array;
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dimensional image of the object; and wherein the Doppler effect

frequencies of the sonar waves transmitted and echoed from at least one

of the objects are 10 processed to estimate the relative velocity of said

object. 13. An apparatus for sonar imaging and ranging of objects

comprising: (i) at least one sonar wavetransmitter capable of

broadcasting said 15 sonar waves at objects to be imaged and ranged;

(i) a plurality of electro-acoustic transducers capable of transducing

sonar wawgnetHyegeTsiee eRaremneddteppitiane® Hectrilaetesyraigchoed
(iii) at least one of electronic circuits for conditioning the electronic 20

signals, dhaaskhgfdRg Biediogsinbination of electronic means for

reducing distortion, biasing, noise filtering, amplifying and digitizing said
electronic8RjRBIEI@ENAVS REEAENSHOPBaEERr Hip FHRREKISY said

electronic signals into display signals wherein at least one of matched
filtering aﬁ@?&hsgaﬂhﬁdﬁnéﬁﬂg%@sgﬁstﬁ% beasyREeed RIqUaks diepplfain the
capable of converting said display signals into visual images 5 of said
Feadniimatiabparatus for sonar imaging and ranging according to

Claim 13 wherein the sonar wave transmitter is provided with a power
amplifier, the range information is plot processed on each direction;

wherein the direction information and range information provide a 3-
dimensional image of the object; and wherein the Doppler effect frequencies of
the sonar waves transmitted and echoed from at least one of the objects are

processed to estimate the relative velocity of said object.

13. An apparatus for sonar imaging and ranging of objects comprising:

0] at least one sonar wave transmitter capable of broadcasting said
sonar waves at objects to be imaged and ranged;

(i) a plurality of electro-acoustic transducers capable of transducing
sonar waves echoed or reflected from said objects into electronic
signals;

(i) at least one of electronic circuits for conditioning the electronic
signals, including any one or combination of electronic means for
reducing distortion, biasing, noise filtering, amplifying and digitizing

said electronic signals;
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10 15. An apparatus for sonar imaging and ranging according to Claim 14
wherein the power amplifier modulates the transmission of the sonar wave
transmitter based on feedback/input from the processor. 15 16. An
apparatus for sonar imaging and ranging according to Claim 13 wherein
the electro-acoustic transducers are miggophones arranged in an array
corresponding to picture elements' layout of the display. 20 17. An

aratus for sonar imaging and ranging according to Claim 16 wherein
@Mg micrdShRS HRHJEAGRSEPK S0 rOEesesSIRD afRifl st'2 IRt Hianals into
from one another. 19 18. An apparatus for sonar imaging and ranging
accordingisRiRinSiEBalth¥ERY e Fodeasbr neh&Y |%@%§%dl5%ﬁ%90rand/0r
algorithm for processing the signals according to any one or combination
of the dirRERMPEMYIIHPEERRERIRIBITANELCABED sonar wave and
displaying said processed signals as 3-dimensional image information via
é%uﬂableﬁrﬁ&@%{{ SPERPRPHEIREY AHG RN SialsAaiavisyRgmages
and ranglng according to Claim 12 io further including a Doppler

frequencyPdEfietBPiIRRE ein the differential frequencies of the sonar
waves transmitted and echoed from at least one of the

14. An apparatus for sonar imaging and ranging according to Claim 13

wherein the sonar wave transmitter is provided with a power amplifier.

15. An apparatus for sonar imaging and ranging according to Claim 14
wherein the power amplifier modulates the transmission of the sonar wave

transmitter based on feedback/input from the processor.

16. An apparatus for sonar imaging and ranging according to Claim 13
wherein the electro-acoustic transducers are microphones arranged in an array

corresponding to picture elements’ layout of the display.

17. An apparatus for sonar imaging and ranging according to Claim 16
wherein 400 microphones arranged in 20 x 20 rectangular array at 2.4 mm

apart from one another.



10

15

20

objects are processed to estimate the relative velocity of said object. 15

20. An apparatus for sonar imaging and ranging according to any one of

Claims 13 - 19 wherein a plurality of the electronic circuits for modulating,
conditioning and/or processing the signals are integrally provided in an
integrated circuit. 20 20 21. An apparajgs for sonar imaging and ranging
according to Claim 13 comprising at least an ultrasonic wave transmitter
capable of transmitting successive bursts of ultrasonic waves at objects

and surroundings to be 5 imaged and ranged; a plurality of microphones
arrayed in a 2-dimensional 20 x 20 rectangular array at 2.4 mm apart _

i8m one ARcBRAHPEERIsSANaTAgIRGg and firMENgcereressing to Claim 13
ultrasonic waves reflected from said objects and surroundings; 10-a
BroRERIBIhBASRSSPp EHENRT HACHEIRRIGIF RS RIgarbRnIfRfiRafassing the
of the echoed signals received by the 2-dimensional array; enhancement
StanalSigHactiEkhdRc&Me PEFe QB COMBERSEN sRhdeoigEl &1 tH@nge and

directions; _ ) _ _ _
magnitude of said echoed sonar wave and displaying said processed signals

as 3-dimensional image information via a suitable imaging or display device.

19. An apparatus for sonar imaging and ranging according to Claim 12
further including a Doppler frequency detector wherein the differential
frequencies of the sonar waves transmitted and echoed from at least one of the

objects are processed to estimate the relative velocity of said object.

20. An apparatus for sonar imaging and ranging according to any one of
Claims 13 — 19 wherein a plurality of the electronic circuits for modulating,
conditioning and/or processing the signals are integrally provided in an

integrated circuit.
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15 - match filtering is performed on each of the directions; matched filter is
applied on the beamformed signals to obtain the range information; the
range information is plot processed on each direction; wherein the
direction information and range information provide a 3- 20 dimensional
image of the object; and wherein the Doppler effect frequencies of the
sonar waves transmitted and echoed from at least one of the objects are

processed to estimate the relative velocity of said object. _ _
21. An apparatus for sonar imaging and ranging according to Claim 13

comprising
- at least an ultrasonic wave transmitter capable of transmitting
successive bursts of ultrasonic waves at objects and surroundings to be
imaged and ranged;
- a plurality of microphones arrayed in a 2-dimensional 20 x 20
rectangular array at 2.4 mm apart from one another predisposed to receiving
and transducing said ultrasonic waves reflected from said objects and
surroundings;
- a processor capable of performing
- beamforming algorithm on all directions of the echoed
signals received by the 2-dimensional array;
- enhancement of the signal to enhance the reflected or
echoed signals of each of the directions;
- match filtering is performed on each of the directions;
- matched filter is applied on the beamformed signals to obtain the
range information;
- the range information is plot processed on each direction;
wherein the direction information and range information provide a 3-
dimensional image of the object; and wherein the Doppler effect frequencies of
the sonar waves transmitted and echoed from at least one of the objects are

processed to estimate the relative velocity of said object.





