1 ECHOLOCATI ON VI SI ON METHOD AND APPARATUS TECHNI CAL FI ELD [001] Thi s
i nvention concerns the use of sound waves, including ultrasound
waves, in imaging an area or surroundi ngs and the objects therein
based on echo or .refl ected waves fromthe objects or surroundings in
close proximty on a land terrain. An apparatus using such nethods is
al so di scl osed. BACKGROUND ART [2] One of the nost useful general

pur pose i nst rurrent TetntIGEATIORVISION METRISS TR ARATUS  he

ni ght vi sion devices whic

ows human vision u I1tions which

con

does not- normally all ow the human eye to see, for exanple under very

little or

no anbient light. Thermal imaging devices may operate in

conpl ete darkness but requires thermal radiation to forminages from
heat radiation signatures, i.e. could only see for exanple thermally
20 exposed bodies of humans and animals. [3] Conventional night

vi si on devi d&ECHMNIGALFIEBi ent 1ight such as fromthe noon or stars
and by detecting that small anobunt of |ight by photoel ectric neans.
and anpl5fy the electron effect on a phosphor screen. |llumnation
may al so be provided actively such as radiating |ight beyond human

vi si bl e spegigym syels @vehtitin 86%cbrAd $hel 8i8e ioh QoEATA/RA! RRIRRRG Ufrasound
anplification to provide vision.
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waves, in imaging an area or surroundings and the objects therein based on
echo or reflected waves from the objects or surroundings in close proximity on

a land terrain. 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 norrﬁa[]y allow fhe human eye to see, for
example under véry littte or no ambieﬁt light. Thermal imaging devices may
operate in complete darkness but req'uires 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 smail amount of light by photoelectric

means and amplify the electron effect on é phosphor screen. Illumination may



5 [004] Ni ght operations in urban warfare or under thick forest canopy
ni ght operations which occur in built-up areas, anbient |ight may not
be avail able sufficiently or may even be in conpl ete darkness
renderi ng such night vision devices usel ess. Actively providing

i | lumination such as infrared to enabl e £onventi on ni ght vi sion
devices to work woul d give away one's position when 10 detected by

opposi ng forces', niaght visiqon fdevices. As wth all,optical or |ight.
moans, | obj oRES: BRg PSS o ateRh s BRS snEasthlit, oy MBS Jfiman Wkiote
observer) based on direct reflection is difficult due to the high,
speed of | i $PRCULD Sichcas 'Pﬁal’%’ RO 5%56%e%ﬁm%anhoé%%lﬁatrwa@@@"%%t@@e@
for night vision 15purposes in such close range atnospheric

envi r onment PEIvide ¥eiono echol ocati on 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 terns "sound", "sonar",

"echol ocat i pug] or Nw@bi@xidr@qﬁtmgﬁ wafarcher Lihk&r indiefsrasne@ipyynight

a | oose manner "'to nean 20 the use of sound waves to provide a visSua

i mage of OnSbéra?iPééglﬂP% P Lag@.g%faggsf,g?mgyedrgth nE Y nbf ¥E available

i ncl udi ng speci ects In nsi-o
with sonar has been practiced for nore, tha 3 objects. are sens .
Focused andoUERHRY o kg o8 b im ERmPiatE dhrisdes® TeiidsfpBestuc BORE vision
processed through algorithnms and conputing neans into a _u?er
per cei vabl ed%YIF%tUSS S5§i sﬁcﬁy@ySPM I%rlll@nwpa,sqqh asdnirpgack e qugble
4,667,199 (Roberts), radar reflected
convention night vision devices to work would give away one's position when
10 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 broposed that sound waves be used fdr night vision
15 purposés in such close range atmospheric environment similar to echolocation
practiced by animals such és bats, or sonar (sound navigation and ranging) in
underwater applications. As our invention also includes obje_ct ranging, ih this
specification, we are using the terms “sound”, “sonar’, “echolocation” or
“acoustic location” and the like interchangeably in a loose manner to mean
20 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



from objects of non-uniformreflectivity such as clouds and ot her

at nospheric bodi es. Using object nodeling algorithm inmaginary radial
scan data are nodul ated to provide an i mage of the object for weather
and storm i magi ng purposes. Although it ¢lainms to cover sonar, no
description on sound wave 10refl ection o configuration is made and
this prior art basically concerns the algorithmfor providing a

3- dimensi onghyd AROgY <chQ0] IBct 1 chplifed, t1iE. e (P thadihized,

3-di nensi onal i magi ng 1's achi eve e princ

diff l ed.. 15 d a th
W ng span of t%??”f%#%dc%arpce%ﬁdﬁﬁs%wﬁfafﬂﬂﬂhfaﬁsae@s ?ﬁ?%aﬁhﬁﬁ FRedist o peer
a w de range of nedium- video, radar, sonar, infrared or laser - to

produce steP@@QﬂY%ﬁﬂ?Qyt%%ﬂﬂ@Qme phy5| cal di sparity between the
waves of different nmedia. 20 [009]U. S. Patent No. 5,077,704 (Tannas,
Jr.) concerns solely sonic waves for 3-di nensional inage di spl ay.
This prior art is also configured to sense reflected sonic waves at

spaced ogt @@Ot]eft Fanexamphd, idils3. Fegent Hoe4 6875199 (Roves), radar reflected
differential in terns of tinme, space or both are nodul ated and

processed t i QfjKcEs @F anﬁfLﬁﬂForﬂnelfetﬂe@ﬁ\Qtyr LGN ok BISSs Bh&%ﬁﬂéﬁgtrﬁ@sﬁﬂﬁlc

viewer to be fused by viewers own brain into a 3-di nensional

| mage. [Olohgﬁ%%e A54iRG 8‘&51%& PRGHLINGS aldittnh®! ithaBihay SialthiCsOH Yath Yre

each of left

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
10 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 th;"ough the principle of differential sensing, i.e. widely spaced
15 sensors placed along the wing span of an aircraft. This configuration is thought
to work with a wide range of fnedium - video, radar, sonar, ihfrared or laser — to
produce stereo display despite the physical dispafity between the waves of

different media.

20 [009] U.s. Pafent 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

to produce different left and right images presented to the viewer to be fused by



right sensing) or a base |ine (1-di mension sensing along air plane

W ng span) 5 for sensing purposes and their respective applications
are intended for detecting well-defined and well -known objects far
and wi de apart such as other flying aircrafts. There woul d be severe
limtati ons on adapting these prior art‘%onfigurations for

cl ose-range i magi ng of many objects close to one another in a built
envi ronment,, i ncl udi ng i ndoor.s total dar ness as we have set out to
t oachi eve. &9 A%ﬁWEﬁﬁgEﬂqf? %ép Wa%t-esent invention
endeavours to provide an alternatlve ni ght vi sion device which avoids
t he i nherent shortcom ngs of the prior art. Qur invention also
endeavours to enable its nmethods and/ or apparatus to be conmbined with
exi sting ni[gnd] vi sTreseeppidrpartteachingsxthendelyhsi a sigglalpointt(absactasf tafl or
as to present sonar devices that are used mainly for underwater

20appl i cat i e demski) @rch bhse lingS8-dimenditth sénsing beaig aip\plane Wiy span)

Wl better equip tactical and reconnai ssance personnel in their
field o r%koﬁén ihd 15drbd ésféﬁétth%ﬁ@%& tivaUh IB’ET%HSO% ht n%ied for
provi de a net dSI Q? Iglngpsgund waves ?Helgts PH ose p{%xlirﬁ ty t

- be imaged S/% -.o(e;ﬂh%d %?1% Li- Rﬂo@ﬁ%@)@ &gur g d'?ocml?oee apart SEH‘I% to‘?ﬁer

fromsaid o rans UCI ng sound VES

e bl SR8 RO o AR B o

configurations for close-range |mag|ng of many objects close to one another in -

a built environment including indoors in total darkness as we have set out to

10 achieve.

STATEMENT OF DISCLOSURE

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
combined with existihg nighf vision equipment to extend their capabilities, as
well as to present sonar devices that are used mainly for underwéter

20 applications to extend their use on land. In effect, our invention will better

equip tactical and reconnaissance personnel in their field operations.

[012] In a first aspect of our invention, it is provided a method of

echolocation imaging and ranging of objects on land comprising: (i) generating



5 biasing, noise filtering, anplifying and digitizing; (v)

processing the conditioned electronic signals into display signals,

wherein at | east one of matched filtering and beanform ng processes

are performed, and (vi) displaying said display signals as visual

i mges of said objects. 10 [013] PreferablFy, the sonar waves are

transmtted as ultrasonic waves are anplified or nodul ated based on

f eedback/in r S i ogessi Ny
CXi g%n& \95%%&%? Qje?fe H os% g;?&lmﬁ)( ﬁ) % ﬂﬂa@%;ﬁgal\nrgg[r%ﬁi dlS(H)

a specific odi nen S o Urin tran

whi oy bEapLET B, waﬁe%lﬁ?ééé bﬂr SR 'fﬁﬁﬁ%%qa ARl Tl BdRgucing

of displaying. Preferably, beannform ng technl que is used to inprove
the signal the n@'i‘%térerdatﬁ%mdPr’V@\@Sabmt? SlegtronigagigRalg; f (i) sendigioning the
applied on a beanformed signal .to obtain the range information of an
obj ect, i ncllatitrogicosigraldy tludirg dinyeoné cor combiratidd beaedacing distortion,
signals. [15] In a second aspect of our invention, an apparatus is

di scl osed f olashed) algds@fitening, rapIfgng thd @igRizire; ¢¥) prblc@gélﬁg(iﬁe lcanditioned
conprising (i) at |east one sound wave transnitter capable of

broadcast i n@|&@l‘0¢ll(§9§§)ﬂgis\’7ﬁ élsPFatyoé?%rﬁ‘élg SwhBreifs @ $6a g 0Pl & rht &h@d Bkering

i mged and ranged,; el ectro-acousti ¢ transducers

by ect s i nt &0 BEAFITHAEH é%%@égs?.ﬁfﬁgﬁﬁn‘?%%ﬁﬂ%ﬁ@ Sortp o Suf ispiay
circuits for, conditioni the electronic signals, including any one
or conbi nat P& a%wsgp Q‘Qﬁ'ﬁ‘?ifﬁ?éé\ﬁgl g”’r reduci ng distortion,

bi asing, noise filtering, anplifying and digitizing said electronic
signals; (iv) at |east one processor for processing said electronic
signals into display signals wherein at |east one of nmatched

filtering af@f3d]r beésaafeoablynthepsomrssaesaar pranswmitteedas afidagonic avaves are
di spl ay capabl e of converting said display signals into visual inages
of said obj eeigifiedOor modulated based on feedback/input from the (v) display signal

processing step.

[014] In a specific embodiment, the steps of capturing and transducing the
15 sound 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

20  beamformed signals.

[015] In a second aspect of our invention, an apparatus is disclosed for
echolocation imaging and ranging of objects on land comprising (i) at least one

sound wave transmitter capable of broadcasting said sound waves at objects in



[016] The sonar wave transmitter is preferably provided with a power
anplifier which may nodul ate the transm-ssion of the sound wave
transmtter based on feedback/input fromthe processor. 15 [017]As a
.speci fic enbodi nent, the el ectro-acoustic transducers may be provided
as mcrophones arranged in an array corﬁ%sponding to picture

el ements' | ayout of the display. Preferably, 400 m crophones are

arrangedrn 20 x 20 rectanqul ar array at 2.4 art fr one X
anot hor . 20 EFESPrORMIABANAIS DRAM R0 (e iPIly 2 FIRpTo-acoustic
limting, |n whi ch: [19] FIGURE 1 discloses an algorithmfor the
net hod accoFSicers @@ﬁahlwé Hensaueing sepauwaves @ph‘r@ﬁé i aflectad giomy said
fromreflected ultrasound waves; 5 and [20] FIGURE 2 discloses a
schemati ¢ dokjgetanirdd elleetranibnsig@aison&iﬁt st depstoyee oh ¢leetramipaciacuits for
according to the invention. 10
conditioning the electronic signals, including any one or combination of
5 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 dispiay capable of
converting said display signals into visual images of said objects.
10
[016] The sonar wave transmitter is preferably provided with a power

amplifier which may modulate the transmission of the sound wave transmitter

based on feedback/input from the processor.

15 [017] As a spebiﬁc embodiment, the electro-acoustic transducers may be
provided as microphones arranged in an array corresponding to picture
elements’ layout of the display. Preferably, 400 microphones are arranged in

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

20

LIST OF ACCOMPANYING DRAWINGS

[018] To facilitate' better understanding of our invention we shall refer to the

following drawings by way of specific or preferred embodiments which are



DETAI LED DESCRI PTI.ON OF SPECI FI C EMBODI MENTS [21] The general

enbodi nent of a sonar imaging and rangi ng apparatus inplenmenting a

nmet hod according to our invention conprises of one or nore 15 sound
wave transmtter that is capable of broadcasting sound waves at a
field or area wherein are present objects to be i maged and ranged

bef ore being displayed to the user. Preferably, the sound wave
transmtted .l I ] iy 0221 Wth reference to FIGURE 1
and FI GURE §&§€#W%&??@@ﬁ§fmﬁmgi§%ﬁﬁﬁ&gmave transmtter (10) will emt
sound signals (12) in short bursts. On each burst a "chirp" wave from
30 kHz - 40 kHz is transmtted. This signal wave will provide for a
range resolution of about 17 cm The range of the transm ssion may be
desi gned t o[®tla nFIGHRE d| disclosas dan eigayiher farr hgumethod egaerding del our
8 wll affect the type of transmtter (10) and receiver (20)

sel ect ed. | inwentibndbsprodnté Bedicrendsiona) émfagintafiroen oéflected) @ ltrasoaindt waves;
and spaci ng between the receivers (20) which indirectly affect the
azimuth geseidti ons. 5[ 023] A plurality of electro-acoustic

transducers (20) which are capable of detecting sonar or ultrasound
waves (12) echoed fromor reflected (13) off the objects (14) and
converting the waves (12) into electronic signals are then depl oyed.

The el ectro ust i d r 0 i.d S nl.crophaones
(20) “arr anglitthn: ahTGHIE) 2 $55o8es o spliRtieHE Pectant 8088 arahL ARURORys
(30) layout of the display (32). In referred configuration, 400
m cr ophones SHRJOYRI iy Qr?éé’@g'?tH)s?@CQr feHedRyentAn.-array at 2.4 mm
apart from one another. Several echoes or reflections my be
coll ected or received for processing. 15 [024] The el ectronic signals
may then be conditioned by any one or

10

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

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

waves.

20 [022] With reference to FIGURE 1 and FIGURE 2 collectively, the sound
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 ,

may be designed to be 4 m. The selection of range of frequency transmitted



conbi nation of circuits (24) designed to reduce distortion, biasing,
noise filtering and anplifying before digitizing the signals by a
digitizer (26). [025]One or nore processors (40) nay be used-to
process the conditioned 20 and digitized electronic signals using
one or nore of the processing algorithm&®r techniques which may
include at | east matched filtering (402) and/or beanform ng (401)

t echni ques or rpthmwherein the sjgnals are pr ssed ,accqr di,
tocits T r ot Stttk JpA i rarpmitert! B hd, s B 0T skt A Wil'diso
ul trasound wave. 9 [026]Beanfornming is a known signal processing

t echni que uiSflHgN&GR tthe apedgrN@ICce inEafae desolbtion eznrd vaasin® detysaghthe
as m crophones in our case) so that, with the differential between
each of therecevery () wH€h indireetlylaffecttthe mzofiuthoresallitionssi tivity to
the signals may be controlled. Upon receiving a signal wave, the
beanform ng al gorithmmay i ncrease the sensitivity of those receivers
(20) in the direction of the signals and decrease the sensitivity of

the oth r {ver [ _ i i i
i anal o0 i (P28 or ch AAUEN G oleb-cRishsly arAEL AR 6] WS B8 Kapatle of
techni que ' ! i i.Vi n Ll Vi f the receivgr
el ectroni ca@%@s{'ﬁ‘q ggﬁ%‘gﬁ'{:ﬁ@#ﬁ@%."%@?ﬁ 2?)9{%%0?%%9&8{ éé%lch%cghﬁrf’ﬁ the -
(where we nt to,seel/ hear) and suppressi iignals from ot hers
(reducing t eFtﬁfﬂi‘Sn%"éde &P}'H%ri“ﬁ@ %ﬁo%&?%ggzﬁi'&@c?\eﬁﬁg')".c ggpals; gfgy then
is a hard object in the field or space to be "visualized" that is of
our interes@epleyrd.e Whe electrpacqustic ofignsdupess @) emard be opriovised as
point. If there is nothing at that point/position, there will be no
si gnal . | n mictephtmesof@dianranigeddntdn areay (2R )t eortaspendingt toepictire etemgwuts’
have to perform beanform ng over the field or space of interest.
10 (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.

15 [024] The electronic signals may then be conditioned by any one or
combination of circuits (24) designed to reduce distortion, biasihg, noise

filtering and amplifying before digitizing the signals by a digitizer (26).

[025] One or more processors (40) may be used to process the conditioned
20 and digitized electronic signals using one or more of the processing algorithm
or techniques which may include at least matched filtering (402) and/or
beamfoiming (401) technigues or algorithm wherein the signals are processed
according to its direction, range and mag.nitude of the echoed sound or

uftrasound wave.



20[ 028] I n enpl oyi ng beanform ng technique in our present invention to
find direction, the aforesaid echo or reflected signals (13) as
transduced fromthe m crophones (20) nmay be processed by the

beanf orm ng al gorit hm whereby the signalg received in the direction

of the echo or reflected ultrasound signdl are enhanced while echo
fromother directions are reduced. A hard and rough 10 object w |
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.
[29].Nhtche%6%%Ite inﬁ]is.a known technigue, in electraonics signal 5 |
processi ng, It i cBREMIYTMIRG: IS &c SRAYAI SIZNPLPrarRFSINGAPChRAES eUging With
matched filter is obtained by correlating a known-signal, which is
taken as a B8RP afdranimifietsnomreosivans 2ghtuchoasi glie®phpres pn sl gesepso
the tenplate in the unknown signal. The matched filter is the

optim zed f dnatpwuithnihzi diffetdrdiat bghaden @achi ofetheateiceiveBNRR0), thé fdirection of
presence of noise. 2-dinensional matched filters are to conmonly used
in i magespr e@gssingivity fo e sighuRNhb9 be datNed. fipdrerddeaving ﬁ%"l?ﬁé]m:é\ﬁa,
used for ranging or estimating the distance-of an object. "[30

Mat ched 11 | gL 58?21%%?1 iand#ﬁl{i{r}mgﬁ]?g‘?n&Bagé?ﬁb SEndiiGityibf ﬁfé‘otslda%c&fve?sh&m

beanf or ned si gna to o nge 1 nformation. “Usin irectron

and range 15 |nf 110 ive 3-dinmensional image.of -fhe surrounds
thus netp ¢« ELEHARERET S sty dn oBEREERR £ lRgEY b niEo BHE LEENETs
i nformation or}F each directjon_is then Ic&t,ed t 0, gi ve data having

3- di nensi on&f t Qﬁdgat o/l E‘%CHH”QH‘]HnWﬁ‘BFﬁ gigBalgninteriergpnce REROISE- f ed
into a display (32) which is capable of converting the display

signals into visual inmages of the object (14). 20 [31] The

ul trasound wave transmtter (10) may preferably be provided with a
power anpli {02f (4B) cdlet matrd$ hdeamiochingveamaiqgueze ‘steest theodirbathvily and
anplified before being transmtted at a suitable anplitude or

frequency. EBAsiEViEy &F HETBLSIFELBICERBHICANY.ON dHkknB8s BE SiGRAI Fénl & paRREIar
based on feedback ‘or _

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

15 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.

20 [028] In employing beamforming technique in our present invention fo find
direction, the aforesaid echo or reflected signals (13) as transduced from the
microphones (20) may be processed by fhe beamforming algorithm whereby
the signals received in the direction of the echo or reflected ultrasound signal

are enhance_d while echo from other directions are reduced. A hard and rough



11 input fromthe processor (40) upon assessing the strength and
clarity of the display signals resulting fromthe previous echoed

ul trasound waves. For instance, if the resultant processed signals
are weak, the processor may automatically send a feedback signal to
the transmitter to increase the 5 anpliflide of the ultrasound wave
generated. [32] Another preferred enbodi nent of our invention is to
~include a | er frequen detector (.34 erein the differenti al

ff equenc: eHIPC WU G5 088" B ent peptan LEHDERSRY G iae S, the

one of the objects (14) are processed to 10 estimate the relative

vel ocity ofteﬁrk@e@Bp@ftapgrofto@nejétcan”ﬂ@eww%t;@drﬂns?@mnra displyrmat i on of
t he echoes or reflected waves may t hus be processed to determ ne the
relative velocity between the observer or transmitter and object.

G ven the Doppl er frequency detected, we can calculate the velocity

of the obj ejopgpovimatchebatfiteeing0 i€ | ae-kri@y RchhRr da) dlbcreliesr ¥ighal

15 [33] It will be obvious for a person skilled in the art that sonme
or all aof t i [ | : ' R aTpl
andior pr ocdeeinaly BRRELLEN R, EiKihBnlcaliofi Pddt i fASey i AptiHed

of an inte LIcuit. (]C hat they.all appear. Jn si ngl
conponent I RREY i e & kndWRaA, PAREEIS.(eBsR 48tk Bmlete
t he apparatus, may he nade into conpact or hand-hel d device such as
a goggl e an‘HﬁrtBiaﬁ' nova signabieodftec PREEEEL?T éh? the fefmplatg Hethe U"“‘“OW”
applications for which a skilled person, upon being taught of our 12
signal. The matched filter is the optimized for maximizing the signal to noise

ratic (SNR) in the presence of noise. 2-dimensional matched filters are
10  commonly used in image processing. In our invention, matched filtering

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

[030] Matched filtering (402) ié performed on each of the direction of the
beamformed signals to obtain the range information.r Using direction and range
15 information to give 3~dimenéionai 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-dimensi.onal image information
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).
20
[031] The ulirasound wave transmitter (10) may preferably be provided with
a power arhplifier (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 automatically made based on feedback or



awar eness purposes such as installation perinmeter observation or

nmoni tori ng agai nst intrusion. These variations and ot her

nodi fications are to be considered as different enbodi nents of our
invention and are to be considered as fquling wi thin the scope and

| etter of the followng clains. *** 13" 'CLAI M5 1. A net hod of

echol ocation imaging and rangi ng of objects for use in a night vision

devi ce on | cffgmr' I 0g: ) rat] n t ] ' '
- cl ose proxi ﬂ’ﬂ&; 0 bﬂe'“g‘i’{’r.rkugtg:%dS og‘n(g@?%ﬁg@d%%sﬁﬁﬁcﬁgr’%%&ﬁ%tﬂs%@%gﬁa&gﬁgiQhe
echoed or reflected fromsajd objects; (ili) transducjng the captur '
Sound. vaves Y SiEls oReatiag Jrum oine) plaviadn aoReN AesoNI L MERRP o OT
signals, including any one or conbination 10of reducing distortion, '
bi asi ng, noir¥dangs.t Erinagresignt MyperRpseadsigngls iase nyeak, the processor may
automatically send a feedback signal to the transmitter fo increase the

5  amplitude of the ultrasound wave generated.

[032] Another preferred embodiment of our invention is to include a Doppler
frequency detector (34) wherein the differential frequencies of the sound waves
transmitted and echoed from at least one of the objects (14) are processed to

10 estimate the relative velocity of the object or target. The frequency domain
information of the echoes or reflected waves may thus be processed o
determine the relative velocity between the observer or fransmitter 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.

15
033] It will be obvious for a person skilled in the art that some or all of the
above electronic circuits for modulating, conditioning andfor processing the
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

20 integrated functions, the apparatus may be made into a compact or hand-held

device such as a goggle and binoculars or monogle and monocular.

[034] Other applications for which a skilled person, upon being taught of our

invention, may adapt or modify therefrom include applying it in situation



(v) processing the conditioned electronic signals into display
signals, wherein at |east one of matched filtering and beanform ng
processes are perforned, and (vi) displaying said display signals as
vi sual inmages of said objects. 15 2. A nethod of echol ocati on i magi ng
and rangi ng of objects for use in a nigfA# vision device on | and
according to Claim1 wherein the sound waves are anplified or
nodul at ed based on feedback/input fro he di,spl a i gnal., processin
Srep. 20 3 AVHETRSR R POs PUThE IR ha TP ARP Ay ater b BaRtorg
for use in a night vision device on |and according to Claim1 wherein
at | east orRgaipst firirdsiens ofhesgptvariatignanand r ailedumastifiaationsoars to be
waves is achieved by a plurality of electro-acoustic neans. 14 4. A
met hod of ecdrsiderad iasndifferemit eorbadimeatsgdfraprdhvariijoecarsd e taube considered
ni ght vi sion device on |land according to Caim3 wherein the
el ect r o- acogstdllingwamia the @cope uhdestidrvfane aslloNing elaidspondi ng to
i magi ng el enents of 5di spl ayi ng.
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5. A nethod of echol ocation imagi ng and rangi ng of objects for use in
a night vision device on | and according to Claim1 wherein

beanform ng technique is used to inprove the signal to noise ratio.

10 6. A nethod of echol ocation inmaging and rangi ng of objects for

use in a night vision device on land acclé¥rding to Oaim5 wherein
matched filtering is applied on a beanformed signal to obtain the
range i nformati on of an object. 15 7. A of echol ocati on i nmagi ng
and rangi ng of objects for use in a nidﬁﬁ—@&gion devi ce on | and
according to Caim6 wherein matched filtering is performed on each

of the direction of the beanformed signals. 8. A nethod of

echol ocati on i magi ng and rangi ng of objects for use in a 20 night

vi si on devi de on | AmdethodorfdeahplecatiGhdmagingvaed ebyging of objects for use in a
successive ultrasonic wave bursts are transmtted at the objects in

cl ose proxi pighy visitsh evic® Bhdamdsoinpribiagt maged and ranged;

successive bursts of wave signals are reflected or echoed off the

obj ect s andsur r ouggh i S r J ; i p
15 G mengi oLl arr Gy au0g PIRGCEUSs o el i thd BT} fe fmdged

i magi ng el enents; gﬁﬁg%gdéqng algorithmis perfornmed on all
directions of the Si’gnal s recei ved by the 2-di nensional array;

(ii) capturing sound waves echoed or reflected from said objects;

(iii) transducing the captured sound waves into electronic signals;

(iv) conditioning the electronic signals, including any one or combination
10 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 cbjects.

15
2. A method of echolocation imaging and ranging of objects for use in a
night vision device on land according to Claim 1 wherein the sound waves are
amplified or modulated based on feedback/input from the display signal
processing step. |

20

3. A method of echolocation imaging and ranging of objects for use in a
night vision device on land according to Claim 1 wherein at least one of the
steps of capturing and transducing the sound waves is achieved by a plurality

of electro-acoustic means.



signal processing is perforned to enhance the reflected or echoed
5signals of each of the directions; match filtering is perfornmed on
each of the directions; mat ched filter is applied on the
beanf orned signals to obtain the range information. 1()9. A night

vi sion device for echolocation imagi ng 44d rangi ng of objects on |and

conpri si ng:

(Oat | east one sound wave transmtter capable of

broadcasti ng said sound waves at objects in close proximty to be

i maged and ranged; (ii) a plurality of electro-acoustic transducers
capabl e of transduci ng 15sound waves echoed or reflected fromsaid
obj ects inté4 el ecth ometbodiofreahstocation jmagingeswt ramging bf ebjects foniuse in a
circuits for conditioning the electronic signals, including any one

or conbi natnhight okio?l @6¥ite Wrelameamscor@ihg tedoRimds Hitkireiht therelebréatoastic
noi se filtering, anplifying and digitizing

5

10

15

20

means are provided in an array corresponding to imaging elements of

displaying.

5. A method of echolocation imaging and ranging of objects for use in a
night vision device on land according to Claim 1 wherein beamforming

technique is used to improve the signal to noise ratio.

6. A method of echolocation imaging and ranging of objects for use in a
night vision device on land according to Claim 5 wherein matched filtering is

applied on a beamformed signal to obtain the range information of an object.

7. A method of echolocation imaging and ranging of objects for use in a
night vision device on land according to Claim 6 wherein matched filtering is

performed on each of the direction of the beamformed signals.

8. A method of eéholocation imaging and ranging of objects for use in a
night vision device on land according to Claim 1 whereby

- successive- ultrasonic wave bursts are fransmitted at the objects in
close proximity 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-



20said electronic signals; (iv) at |east one processor for processing
said electronic signals into display signals wherein at |east one of
mat ched filtering and/ or beanform ng processes are perforned; and (v)
a di splay capable of converting said display signals into visual

i mages 16 of said objects. 10. The nilght vision device for
echol ocati on i magi ng and ranging on | and according to Caim9 wherein
t he power a lifi.er nodulates the trapsm ssion 5 sound

Lr anon ¢t er ORSEAISKH B BB RSR0E oA TR TP R g SLsay 'maqmgﬁ%l%ents

ni ght vi sion device for echol ocation imging and rangi ng on | and
according to C ai nbeaMEEIRg talgoréhexis ge ‘é'@ﬂ%ci iof alt girsaiiens of she echoed
m cr ophones arranged in an array corresponding to picture el enents'
| ayout of | signaés wicepledhy the2-dithensiorgltarsaysi on devi ce for
echol ocation imagi ng and rangi ng on | and

- signal processing is performed to enhance the reflected or echoed

5 signals of each of the directions;
- match filtering is performed on each of the directions;
- matched filter is applied on the beamformed signals to obfain the

range information.

10 9. A night vision device for echolocation imaging and ranging of objects
on land comprising:
(i) at least one sound wave transmitter capable of broadcasting said

sound waves at objects in close proximity to be imaged and ranged;

(ii) a plurality of electro-acoustic transducers capable. of ‘transducing

15 - sound 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
20 said electronic signals;
(iv) at least one processor for processing said electronic signals into
dis'p[ay signals wherein at least one of maiched filtering and/or
beamforming processes are performed; and

(v) a display capable of converting said displéy signals into visual images



according to Caim11 wherein 400 m crophones arranged in 20 x 20
rectangul ar array at 2.4 mmapart fromone another. 15 13. The ni ght
vi sion device for echol ocation inaging and rangi ng on | and accordi ng
to Claim9 conprising at | east an ultrasonic wave
transmtter capable of transmitting sucdéssive bursts of ultrasonic
waves at objects in close proximty and 20 surroundings to be inmaged
and ranged,; a plurality of m crophones arrayed in a

2-di mensi onal 20 %fﬁgmféﬁﬁﬁﬁgular array at 2.4 nmapart from one

anot her predi sposed to receiving and transducing said ultrasonic
waves reflected fromsaid objects and surroundings; 17 a processor
capabl e of perform ng beanform ng algorithmon all directions

of the echogsl si g nighe QisictdByice Her dcteb|BItRINOIAME iR l’aﬁm;ran%ing_on land
enhancenent of the signal to enhance the refl ected or 5echoed signals

of each of _éaﬁ)r@igﬁgﬁtélﬁﬁ; o T Binf iHe! SEWETainp if&" foh IRt LhefaRsAission

t he directions;
5  of the sound wave transmitter based on feedback/input from the processor.

11. The night vision device for echolocation imaging and ranging on fand
according to Claim 9 wherein the electro-acoustic transducers are
microphones arranged in an array corresponding to picture elements’ layout of

10 the display.

12. - The night vision device for echolocation imaging and ranging on land
according to Claim 11 wherein 400 microphones arranged in 20 x 20
rectangular array at 2.4 mm apart from one another.
15
13. The night vision device for echolocation imaging and ranging on land
according to Claim 9 comprising
- at least an ultrasonic wave transmitter capable of {ransmitting
successive bursts of ultrasonic waves at objects in close proximity and
20 surroundings to be imaged and ranged;
- a pluralify of microphones arrayed in a 2-dimensional 20 x 20
rectangular array at 2.4 mm apart from oner another predisposed to receiving
and transducing said ultrasonic waves reflected from said objects and

surroundings;



mat ched filter is applied on the beanfornmed signals to obtain the
range i nformation.

17

- 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
5 echoed signals of each of the directions;
- match filtering is performed on each of the directions; and
- matched filter is applied on the beamformed signals to obtain the

range information.





