, qre3e\ HY46TH?G ~ AUTO- FOCUSI NG METHOD AND SYSTEM Fi el d of the lnvention
The present invention relates to nethods and systens for neasur

di stance, particularly in the context of the auto- focu3|ng of mmmn
systens. Background of the Invention There are a nunber of ypes Of 150150+

aut o- f ocusi ng net hods currently avail able either on the narket or descrlbed
inliterature. Three conventional types are described be

| nf r ar ed- based aut o-f ocusi ng nethods In & conventi onal |nfrare mmwmmmmmwm
aut o- f ocusi ng net hod, pulses of infrared light are emtted in a

towards the target on which focusing is desired. Light is reflectedchark
fromthe target and detected by an infrared detecting device |ocated at the

optical device to be focAETQ-FOCUSING METHODRANDEYSIEM bet ween t he

transmtted and received signals or by conparing the powers of the
transmtted |_an|d! I’ﬁﬁﬁ‘l ved!5| gnal s, the distance fromthe target to the
optical devi d may be cal cul ated. The optical device may then
be focused. There are a nunber of problens associated with infrared-based

aut o- f ocusi nMchaTgiresdht invEntdNATBlates StoCiMmethods hadd | systemsi fov entaswirgnges
in tenmperature of both the target and the backgqc ound, and t he focused area

tends to be diglageevparkicyliady intha eeptext ofihe aufq-facusig ofdmaging sysiems.

Furthernore, the target itself nmay emit infrared light when its tenperature

becomnes hi gf‘Bé‘é"@gSufh%Bﬂhtehh%@ adversely affect the reflected infrared
si gnal detectTed Infrared detecting device. 2 (2) Utrasound based

aut o- f ocusi ng nethods In principle, ultrasound based auto-focusing nethods
are sinlar Therehare afmumber iofi Sypiesof rastie-forusing methads)\mgrremlyhavmleble

exception that the Vi infr |on
Ut rasound b%lé?(ﬁ @}e rﬂf Ciq?cgbﬁédfﬂrﬁ%ﬁléé eﬁﬁ?g Qxe%@?ﬁagtt 2
conventi onaldég&@eamng met hods and, as is the case in conventional

i nfrared based nmet hods, when a single receiving sensor is used, the target
area is |arge,. (3I) Con.rast based auto-focusi ngi nethods Contrast based
aut o- f ocusi nd) metIRfatedthased a in nt of the distance to the
target. In such nethods, the optical device may be ained at a target and

the focusi ngnof csrg\gerltﬁn é@bﬁ%&'é&ﬁﬂf&cﬂsﬂkﬁ;"rﬁe%ﬂ' Ebsrmﬁ chbﬁﬁt

The di sadvant age suc ds Is that strong reflecting t
required to aretermittedciowa heanﬂmmdsn@mtargehen adhjeh ﬂmwngslsodesmed tlaigbbt

must be clear t m,con iew of .the fore r obl ens
with convent! lscfﬁg?& ?D@C#‘ga&ml %t?ﬁg?il deéeﬂgé(?yegﬂ Qf'éar?%ld%gecﬂ'@gh%dp?%r

aut o- f ocusi ngchfedt af the'Bpfid ddeifcd Yo ‘b@aféﬁ%ed n Wa%huhg thertahé Ed%lév ghly
accurate focusing onto a small target, and whi ch maybe used in

envi r onnment shetaigendhe teansmitied mndniecaived signals or by comparing the POWGTS of
the transmitted and received signals, the distance from the target to the

-

optical device to be focused may be calculated. The optical device may then
be focused.

There are a number of problems associated with infrared-based auto-focusing
methods, for example, such a method is sensitive to changes in temperature
of both the target and the background, and the focused area tends to be large
with just a single transmitter and receiver pair. Furthermore, the target itself
may emit infrared light when its temperature becomes high enough and this
may adversely affect the reflected infrared signal detected by the infrared
detecting device.



-~

According to a first aspect of the present invention there is provided a

di stance neasurenent apparatus conprising: a transmtter for radiating

pul ses of radio waves; a plurality of sensors aligned on a plane to receive
said pulse signals emtted fromthe transmtter and refl ected by an object
in front of said plane; 3 an adder to conbine the pul se signals received
by said sensors; a detector for detecting t he conbi ned pul se signal output
fromthe adder; a conparator for conparifig the conmbi ned pul se signal with a
reference pulse to identify desired pul ses; a delay determ ning device to
determne the time between a transmtted pul se and a received pulse in
respect of desired pulses identified by the conparator; and a systemto

cal cul at e t H@2) di itraseundbasedc auteefocusingmethodsand t he object fromthe
determ ned delay tine. Preferably, the radio pulses emtted fromthe
transm tter have an ult andw n. ref rre e | t he
appar at us cdippragBie nlrEsghng PR Ao oq i, BafthBus e’ Rifller"3P e o
from sai d triaparégd b&ded Rremcfdsa@ésbnb%alébdwmmham@rempmbn 184t thesdevices

mat chi ng apparatus. In a preferred enbodi ment, the di stance measurenent

appar at us f gmiteltrasowpdi lgstsadmfeafg@redenadat@n Jditresound based syRtenoutend of

;PTSI ?'? Sgre Bﬁgaﬁoi}%{jﬁaﬁ\%gg) rttérghané{dg chgﬁgﬂmqnera%F&ﬂ%tu er@: é—:gfgo ect or
i s arranged dr,tas @gtﬂe tase (oepaveitionahfitfearetineased malhodﬁ wherbsingte pul se
si gnal having an _anplitude geqeater thfm a predet erm ned val ue to deternine

i f the conbi'REBIVIG SQNSGN ihused,dha targst awd islarge.

(3) Contrast based auto-focusing methods

Contrast based auto-focusing methods do not require measurement of the
distance to the target. In such methods, the optical device may be aimed at a
target and the focusing of the lens may be adjusted to give maximum image
contrast. The disadvantage of such methods is that strong reflecting light is
required to obtain accurate focusing and the edge details on the target must
be clear to obtain maximum contrast.

In view of the foregoing problems with conventional auto-focusing methods, a
need exists for a method for auto-focusing that is unaffected by changes in
temperature, enables highly accurate focusing onto a small target, and which

maybe used in dark environments.

Summary of the Invention

According to a first aspect of the present invention there is provided a
distance measurement apparatus comprising:

a transmitter for radiating pulses of radio waves;

a plurality of sensors aligned on a plane to receive said pulse signals
emitted from the transmitter and reflected by an object in front of said
plane;



4 In a preferred enbodi ment, the distance neasurenent apparatus further
conpri ses an average cal cul ator connectable to the output of the delay
determ ning device to calculate the nean of the determ ned tinme del ays.
This is particularly advantageous as it reduces the effect of spurious
reflections in the correlation period. In a preferred enbodi nent, the

di stance neasurenent apparatus further cgnprises a converter to convert the
output fromthe average calculator to a sSignal corresponding to the

di stance to be neasured. Preferably, the systemto cal cul ate the distance d
between the transmtter and the object is arranged to calcul ate said
distance d fromthe determned delay tinme i according to the equation:

d=Ci / 2 where C i san addentosdmiiing thghpulsgsignals repeivedby sgidsensorsict of the
present invention there is provided an auto-focusing device conprising the

di stance neasureneng . apparat defi a ; f i

adj ustnent for f&d’{ﬁt%ggfﬁgr ﬁé#&ﬁaggﬁgdgﬁﬁﬁﬁﬁgngﬂﬁg Jﬁ'ﬁ@?%ﬁ@ﬁ’ﬁe@%ﬂrg}? usi ng
sai d di stance nmeagdiegment apparatus. According to a third aspect of the
present invention there is provided a nethod of neasuring distance
conprising the steps of: transmtting pul ses of radi o waves; receiving

pul se signals usiamgor@paral%fqrtcpnmar@srtgercgnzhm%euissrﬁwqimﬂ‘ea refgrencsul se
signals having b i nsmtter and reflected by an object
in front of sai der%p%én:{eg fdt(‘:agﬂlélif&nél)s'rri:i]getdihtﬁ’I%léné'adder t he pul se signals received by
sai d sensors; 5 detecting the conbi ned pul se signal output fromthe
adder; conpari ng a ndelayordeterainingt ldevicenbionateteumine ¢hentimen hétweenefaer ence
pul se to identify _desire | ses;, determning the tinme be en

P ranem Lt ed pul sSrATRIHEHBYsE Aid, 3l tseleo, Bsedh ePRet Pt SaSHef utses
identified by thedesfif By e caifadbcahat i ng the distance between the
transmtter and the object fromthe determ ned delay tinme. According to a
fourth aspect of the Fresent invention there is provided a nethod of

aut o- f ocusi ng an @ rivgiamy taecaledate the idistaace metweemdhe dransnitter iang thest ance
defi ned above, ang.. I heSy ps of focusing the inmaging
devi ce dependent %ﬂ%‘#*ﬂﬁt ??@gﬁ@%g@@?&@ﬁ&m ef erred enbodi nents of the
present invention aimto enable highly accurate focusing onto a small
t ar get conpaPrefgrablygthe saflicopulses emiitted efrsrarthe tsandmitter baBe sam sitraswid&ich
systens and net Qaﬁ‘ are advant ageous as they are suitable for use in dark
envi r onment sP 88" not require additional Iight for focusing, whereas
conventi onal auto-focusing nethods comonly require high light intensity.
Al'so, di st angey pReFEHE] EBodimeRDthé lagga%aﬁs bympfides Hirbe of ThEiEBsativdrées hods
are robust against changes in tenperature of a target object and
backgr ound. t&cee sandauge@@male@ommalditm&mlttas the systemis equipped wth
several UWB receiving sensors, it can forma narrow beamto focus on to a
smal | target i i 0t ] J - res of the
i nvention w Téé\%&i eIgeé Egéé:lﬁ%@g?lpé%fﬁaﬁ#g %gbgﬁ%ﬁ éﬁ%ﬁhétea?) tfal?é;}‘r#bnl y, with
reference to the follow ng Figures in which:

In a preferred embodiment, the distance measurement apparatus further

comprises an edge detector connectable to the output of the adder to
determine the arrival of combined pulse signals having an amplitude greater
than a predetermined value.

Preferably, the edge detector is arranged to trigger the comparator after the
arrival of a combined pulse signal having an amplitude greater than a
predetermined value to determine if the combined pulse signal is a desired
pulse.



6 Figure 1 ais a schematic diagramillustrating an enbodi nent of the
present invention; Figure 1 b is a schematic bl ock di agram of the signal
processi ng according to an enbodi nent of the present invention; Figure 2 is
a graph showi ng the timngs and shapes of transmtted and received signals
according to an enbodi nent of the present invention; and Figure 3 is a
schemati ¢ di agram showi ng si gnal detectign, shape matching and tine del ay
calculation in an enbodi nent of the present invention. Detailed Description
of Preferred Enbodi nents The principle enbodying the invention is shown in
Figures 1 a and 1 b. Figure 1 a shows the di stance neasurenent system of an
aut o-focusi ng device according to a preferred enbodi nent of the invention
whi ch i ncl udesaapreferiedi embedimenthitee distapcer megsureragnty ppparatiisidbeher ( UWB)

transmtter,_ aiped at a t [ Lile ej [ e

appr oxi mat el(ipq.{‘ﬁﬁ%?etageﬁw{?%%f cél’cgfégﬁraﬁcogﬁé%%ef rt? gt(r:]gi ép glf? sée#ng{oer gjelay

(S1, S2, S3, S4jeteimininy dedsa d talcufate theliganvefthe aleteriM&l tinec delaysg Thimsor s.
The array of receiving sensors (S1,S2,S3,54) lies in_a plane, hereinafter
referred to iadariculafpaduariagepusas it igducesitae alfest ahepwioys aflestiophil to
the central i passing through the transmtter 2 towards the
target 4. Astﬂtéhc?n(rergé:{!gnsl ngﬂ%ensors S1, S2,S3,54 are equidistant fromthe
transmtter 2, signals reflected back fromany point on the central axis
shoul d arrivia ai pteferedoembypdiment| Ithef distanceenwasuramerinapparat®l , fBRhes, S4) .

Therefore, pulses transmtted, from t transm.tter 2 and reflected . at a
Carget _poi ntATPTRFLA ERYetEhia et T pEPLL e in alPinde tfiefh Baou o
al | be receigigfalddoriddpondiig tbithB distarlice’® & Avdasufedi gure 1 b, the signals
fromall four sensors (S1,S52,S3,S4) are conbined to produce a single output

which is then processed to determ ne the appropriate reflection. Further

processi ng okeler@bly thr systermto ¢aleulatesthgrtistapee welketwers the tigasmitterand he
t itt | S di i .
L onors ot B et LARRR BRAIER, S0 L0 o AL RS oclhY

(S1, 82, S3, SAimewsdtondiflgdo thié Bfuatiore a strong pulse with a short rise tine,
as shown in Figure 2. By contrast, reflections fromtargets which do not

lie along the central axis, for exanple, point B, do not arrive
si mul t aneousl y atdaClt Rour sensors (S1, S2, S3, S4) and therefore the conbi ned
out put of the sensors in these circunstances will have a slower rise tine

and | ower anplitude, and the resulfant waveformw || be w der than that of
the signals receiYoare Edsthaspredoffgtn 1ie along the central axis, for
exanple, point A as shown in Figure 2. It is therefore possible to

di 11 er ent at Roltiieeth LA Mibct e FrdBi AT b/I%ouReE &

axis, for exanp poi nt A, argets offset fromthe central axis, for
exanpl e at paitetfoBusing s eyicenatarhpniging etheni distancentroeasuréivientr pppasats used

i d h | : di he sh
etl ot o rHETHeh Ry AT v racoaite  enaRRery Tor Habling B 8hs, 4,
i deal enviroggpsiderit N\@dor thed distdhdd méddured cudhid @did idistahde® raéadifentent t he

recei ved pul ses fromthe four sensors (S1, S2, S3, S4) woul d be the sane as
that of the @8PR&@H%ted pul se, although the anplitudes may differ. If the
transmtted signal be denoted by f(t), then the conbined output of the

According to a third aspect of the present invention there is provided a
method of measuring distance comprising the steps of:

transmitting pulses of radio waves;

receiving pulse signals using a plurality of sensors aligned on a plane,
said pulse signals having been emitted from the transmitter and
reflected by an object in front of said plane;

combining in an adder the pulse signals received by said sensors;



four sensors (S1,S2,S3,34) fromthe target nmay be expressed as: ~(t~ =

af (t ~+bf (t ~+~f (t ~+df (t~ _ (a+b+~+d~ f(t~ ( where a, b, ¢ and d represent
attenuation factors for the four sensors (Sl1, S2, S3, $4). 8 t) has the
sanme shape as f(t), which is known, a priori. In practice, due to the

finite bandwi dths of the transmitter and receiver antennae, the received
pul se shapes may differ fromthe transmf{ted pul se shapes. However, the
recei ved pul se shapes nay be cal culated Yfromthe properties of the
transmtter and receiver antennae, and hence should al so be considered as
known, a priori. For sinplicity, ideal environnments are assunmed in the
foll ow ng description. The shape matchi ng pul se signal detection nodul e
according to an adtectingethe coimhbihed polsergignal auputifoun thenagdgure 3 and
conprises a pul se signal generator 6, and a signal assessor 8 for producing

vaver orm 1 (1) TR HRITREA SamBdar ELEGhRiec nirbe Mol B S8 oo
nul tiply the outpiflséfo identiffldesregiifsad;or 6 and the conbined received

signal Qt) fromthe signal "assessor 8. In the first branch of the shape
mat chi ng pul se signal detection nodule shown in Figure 3, the conbined

out put signal O tdetermingg @@rﬂb’ﬁ@@et\@?f‘sﬁ,t@\i‘,sgwe‘ﬂSPUMQJGF‘HV?Q@%S%MI
assessor 8. If t i adtFiadh ro}lik?é} t shol d val ue n
determ ned by con@irggégl%rtlg%?tgﬁg%ﬂhl(s%téan%ﬁt?l?g-ﬁgec rati gﬁjrb&ifhe conbi ned

out put signal Q(t), the local pulse generator 6 is triggered to produce a
pul se f(t) matchicaiculatingldise distanez dietweem dha deansmitten and thef ghjectofrorhe

| ocal pul se gener%\t%% 6 i.s %r[el ated with the conbined output signal Qt)
of the sensors (Sne&ptermiagq dejay Y& ) tiplier 10 I ocated in a second
branch of the nodule. The multiplier 10, which constitutes a conparator or
“correl ator’ Acddidimg’ fNacfburth BEPpEET 6F the presert! inveatiorpfthéfeeissipasaded d f the
correlation factor i s high enough, that is, greater than a predeterm ned
val ue r~ ~, mathed if autecfogusingi ghalimaginge de¥icer comprising Hbeqasthed of gnal

reflected fr - . ay, i o]

transm ssi onﬁ%gg\%ﬁdaﬁ'?tgméragﬁés&é%g%ggt hae%ggé\@ﬁ& té:%ﬁédtr%ﬂqaghe O%tep ﬁeOf
recei ved pulfeeusiag theirmagingalbvide déperidens Upbn tine Histarcemeeasured. by a tine
del ay cal cul ation system 12. The delay tines obtained fromtine del ay

Cystem 14 1 PigeEed srimgas ddna present aysiiion 4im B/etats idtiy 30 aE °0.0°
ways for thefeqgng cHie $riall ﬁé;fgaf gbmpParing 3Ryridlls ABhTHeveralCsdtisors, uchl & i on.

Let the discrete tine refere signal generated by the |ocal pul se
generator 6 UWB senspis. wikich systems and methaisk arevasivantageous as they pre s t he

cr oss cor el ST 501 HeA R SRRy BN, phd HccfipR fleire-dqaifbnai Tt 78t - 1
(2) An alterfalbing, WwherdBs ecap@mtional SXRs-Rsciising histhble commdniioreqlied i on

output is: O(t)=" 21 ~ref (i)Qk+i-1) -1 ~ref (i)Qk+i-1) L 1=11 ref
(i)l12 L 1=1 highdightintensity. Also, distance measurement is obtained easily and such

systems and methods are robust against changes in temperature of a target
object and background. Also, in a preferred embodiment, as the system is
equipped with several UWB receiving sensors, it can form a narrow beam to

focus on to a small target.

Brief Description of the Figures

Preferred features of the invention will now be described, for the sake of

illustration only, with reference to the following Figures in which:



(3) The shape matching instant mis the tinme at which the cross correl ation
output is a maximum O (n). L should be selected suitably so that Ot ~ L is
al nost equal to the width of a pulse, where O is the discrete tine between
sanpling pulses. Ref(i) may be set to be the sane waveform as the
transmtted signal f(i). If the anplitude of the conbined output signa

Q(t) of the sensors (S1,S2,S3,54) is less than r~ and/or the correlation
factor is less than r~~, then 10 the sﬁape of the received signal is
deened to be different fromthe desired pulse f(f) and the signal wll be
ignored. It should be noted that if the target object 4 is very flat and
orthogonal to the central axis, sone reflections fromsymetrical points
around a sndfiguer ¢a isfa sbleematic didgram #lustrgitied s0 émbbdinmenthef thehpresent ti ne,
as shown in Figuyre 2, which may cause a variation in the tinme del ay

measur ement SNVEMON hi s reason, the time del ay measurenents i are averaged
in the average nodul e 14. ThIS techni que may i ncrease the accuracy of the
nmeasur enent Eigukd 1B islal sthemaARtHIGBK dRigrarhhér thefd@féup?aaeési coovdmy 1 aces
may also fall "in coherent time. However, the a tudes of these

refl ecti ons & embpgdireent of thepresentinvention] ittle correl ation with the
desired signal. Thus, they are considered to be noise. Based on the tine

delay i fro t a t
detection oﬁ—rlbﬂﬁe ge]m re@ |%ﬂ%@uﬁ® %Q%%R{grso%ﬂg ars o Q%n%ﬁ#et&gil ance d
from the traessivetasigrialé actdrdirngpiosm erhbodimént mﬂihalpmérbynm-ﬁon aid ( 2)
where Cis the speed of |light. Thus, a signal proportional to the distance

to be nmeasured may be obtained f.roma nal corre ding,to the, neasured
e dol ay | FIGHEE Sribca SChRMARagEn shatis sitel efedtion, aheBe R of cm
of an imagi %@%%lé@cél@ﬁhtlbh% fRFhBedifRNt efthe ;Sl"esé?iﬁﬁpéﬁtlcﬂn lens, may be
focussed onto the target 4 as required. The systens and net hods descrl bed

above as enbodyi ng the present |fnvent| on may neasure the distance between a

target 4 andDeleilad Besception ofR dEMPRAIMN@NS f ocus of an optical system
to focus on a small area around a central axis. In practice, the size of

the focused rﬁgﬂ?ﬁ@gﬁbgﬂyhg%g%\%dtﬁﬂ| sﬁ%mﬂflntﬁgu}%\éﬁé)ﬁbﬂqwnﬂ:lgh?@ from

the transmtte r ower t ul se) e foctsed
area. The sy$a amvmdhered|btausedmsum:etbeyaem of baws ealitofotingledevies

however, thetra ter trans tter radiating short pulses of
Fadi o waves. AGAIINTe G g S5EEYTecS ErRAIEDT 8. Bie, TSGR, WRAD TUASR ¢ he
cor respondi ngasdifififer BUWHIGh is preferably an uItra-W|deband (UWB) transmitter, aimed

at a target 4, the transmitter 2 being situated approximately in the centre of a

planar array of receiving sensors (S1,52,83,54), in this example, four ultra-
wideband (UWB) receiving sensors. The array of receiving sensors
(51,52,S3,54) lies in a plane, hereinafter referred to as the UWB sensor
plane, which is substantially orthogonal to the central axis (not shown)
passing through the transmitter 2 towards the target 4.

As the receiving sensors S1,52,S3,54 are equidistant from the transmitter 2,
signals reflected back from any point on the central axis should arrive
simultaneously at all of the receiving sensors (S1,82,83,84). Therefore,
pulses transmitted from the transmitter 2 and reflected at a target point lying
on the central axis, for example target point A, should all be received at the

same time.



In summary, systens and net hods according to preferred enbodi nents of the
present invention are particularly advantageous as: 1 ) Distance

measur enent and focusi ng are robust agai nst changes in tenperature of the
target as well as the brightness of the environment. 2) More accurate
focusi ng may be achi eved than systens using infrared light. 3) There is no
requi renment for an imagi ng systemfor distance neasurenent. 4) The system
and net hod enbodying the invention is caBabIe of highly accurate focusing
onto a small area. 5) The system and net hod enbodying the invention has | ow
power consunption. 6) The systemis not conplex to inplenent. 7) The
above-descri bed systens may be incorporated, for exanple, into a canera,
cancor der, p¢ks3jsboWar|n Bigure by thersignats froat alhfbor sensoraUSd,3283sS4)gare

t her eof . stem and thode dyi the inv nt|o i s _operable
in dark enV| BSO p}/ &3 AR OW‘tPQ'EW?‘?Cg‘r gf@%ﬁ?f%&ssﬁﬁl ? 98 ﬁlq onal
contrast metg Bné{@r #e@léétléﬁ)d'ﬁdrﬁ\@r Jﬁaéeés‘i’ngj RcarEPRAERM NN the h%t@rﬁ&sent

i nvention described above may For ‘exanple, whilst the enbodinments

have been debﬂiwebedhertatgatrﬁsam tlne]tfaasmeng'zfa'bls wmrmeﬂs\aysthearbp usetber of
UVB r ecei Vi ensprs be adopted. In a preferred enbodi nent, there are
preferably ﬁﬁrféc‘ﬂ%ﬁw?%‘f%% sensors. Furthernore, the transm’tter 2 and/ or
the sensors (S1, S2, S3, S4) may be directional antennas, or nay be

omi - di rect l'mi@|3|gmil§méﬂ?§cted frdrePeint A bhatredeivedtihoittrd fount BB Ssersers
adopted, the distance nmeasurenent accuracy . is increased. However,

di rectional @heassS4) wvhen,added, wifl give aisiiongRiles Withca §h‘é’|t rigRttineaas
Thus, —omi - dig el i rﬁéur@rzd' rggté&ﬂasta@ﬂ%e{??s fdh l?ﬁ’r)?%iglz dBCH& [ N9 to
ri accurac urt

t he deS|gner S prlo ' es as tween size an ernore, 1t
wi || be appaaleng the cehivaleaxisifot example, peirdB, ddhaot arode fsinnatameoushynat 8l made

Lo e o PO Ss SIS 8 S AR b P i BSbit oS B

appar at us COpRRhksé Rifcumstdritds Will el 2 sl0wadi ride fifle UHERWER farhFitL e VENES
the resultant waveform will be wider than that of the signals received from
targets which lie along the central axis, for example, point A, as shown in
Figure 2. It is therefore possible to differentiate between reflections from
targets lying along the central axis, for example at point A, and targets offset

from the central axis, for example at point B.

A shape matching technique (matched filter) may be used to recognise and
accept the pulse shape corresponding to the sharpest reflection from the
target and ignore and reject any other signals.

In an ideal environment, that is one with infinite bandwidth, the shapes of the
received pulses from the four sensors (S1,52,53,S4) would be the same as
that of the transmitted pulse, although the amplitudes may differ.

If the transmitted signal be denoted by f(f), then the combined output of the
four sensors (S1,S2,53,S4) from the target may be expressed as:

O(t) = af(t)+bf(t)+cf(t)+df(t) = (a+b+c+d) f(t) (1)

where a, b, ¢ and d represent attenuation factors for the four sensors
(51,52,83,54).



a plurality of sensors aligned on a plane to receive said pul se signals
emtted fromthe transmtter and reflected by an object in front of said
~ plane; an adder to conbine the pulse signals received by said sensors; a
detector for detecting the conbi ned pul se signal output fromthe adder; a
conparator for conparing the conmbi ned pulse signal with a reference pul se
to identify desired pul ses; a delay detegm ning device to determne the
time between a transmtted pul se and a réceived pul se in respect of desired
pul ses identified by the conparator; and a systemto cal culate the distance
between the transmtter and the object fromthe determ ned delay tine. 2.
The di stance neasurenent apparatus according to claiml1l, wherein the radio
pul ses eni t t@f) hasthe sameshapaiast ). which imknewnrapiiptie bandwi dth. 3. The
di stance measurenent apparatus according to claim1, wherein the apparatus

ranom ¢ rer 1N Piapsl” e i e alte, LERRRNS o B, CenhiEE and raskiaa P
1, wherein s#itdnfaepheatezeivedpulse eshapeshmpg diffec friony tee transmitted pulsehe

di stance measurenent apparatus according to claim1, further, copprising an
edge det ect oihapgsneElowsver. e F%:e@(ﬁdpﬂk‘%ﬁf shapes, mayr b?cFag‘éﬁ%'ieﬁi m ﬁ@

arrival of 8eBbARL diithe frasAfiferatfidddiled Anfditlde, 418 HERR!SHould'aRote
predetermn al'ue.” 6. The di stance neasurenent apparatus according to
claimb5, whesorisiddred asdgewietaguriet. i s arranged to trigger the conparator

after the arrival of a conbined pul se signal having an anplitude greater
than a predeterm ned value to.determne if the ¢ i.ned pul se signal is a
desired pul s'Ié‘?r s;r_npﬁﬁgy.dqtgqqaﬁpygomg@r@r@eaﬁsugbepdamgtﬁggoliwﬁp(ﬂseﬁgrlp@&‘rb| aim1,
further
The shape matching pulse signal detection module according to an
embodiment of the invention is shown in Figure 3 and comprises a pulse
signal generator 6, and a signal assessor 8 for producing a trigger pulse to
trigger the pulse generator 6 to produce a known waveform f(f). The module
also comprises a multiplier 10 arranged to multiply the output of the pulse
generator 6 and the combined received signal O(f) from the signal assessor 8.

In the first branch of the shape matching pulse signal detection module shown
in Figure 3, the combined output signal O(t) of the sensors (§1,52,53,54) is
assessed in the signal assessor 8. If the combined output O(f) is greater
than a threshold value n determined by considering the SNR (signal-to-noise
ratio) of the combined output signal O(f), the local pulse generator 6 is
triggered to produce a pulse f{t) matching the desired received pulses. The
output f(t) of the local pulse generator 6 is correlated with the combined output
signal O(t) of the sensors (S1,52,5S3,84), in the multiplier 10 located in a
second branch of the module.

The multiplier 10, which constitutes a comparator or ‘correlator’, is arranged to
perform the correlation of the signals. If the correlation factor is high enough,
that is, greater than a predetermined value n 4, then the received signal is
deemed to match the desired signal reflected from the target 4 and the delay
between the instant of transmission of a particular pulse and the edge



conprising an average cal cul ator connectable to the output of the delay
determ ning device to calculate the nean of the determi ned tine del ays. 8.
The di stance neasurenent apparatus according to claim7, further conprising
a converter to convert the output fromthe average cal culator to a signal
corresponding to the distance to be neasured. 9. The di stance nmeasurenent
apparatus according to claim1l, wherein fhe systemto cal culate the

di stance d between the transmitter and tHe object is arranged to cal cul ate
said distance d fromthe determ ned delay tinme i according to the equation:
d=C /2 where Cis the speed of |ight. 15 10. The di stance neasurenent
apparatus of claim1l, wherein the conparator has an output signal O (t),
wherein L O delgetion oéme(r'e}:e'wed)(pluise @s determined iDtte firstbraneh ieme@su@k+i - 1)

ot oromee T By sty Shichldkiohisisiorh 2. The! déia Y opBnE o iy 51 ¢

time conbi negblgy mulémeyaénbmzsmrda FRaBehse dtNsulbed ?aréeé\%iégéld S8 émat Ot

~ L is alnost equal to the width of a pulse, where Ot is the discrete tine
bet ween sarrrﬂ\lemgglpglsygtﬁmaﬁdomwesanmeamdeﬂeiawme@gnaisuant at which O (m
yi el ds a maxi mum val ue. 11. An auto-focusing device corrprl sing the distance
measur enent ar atus of claiml,
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which the transmtter I's a directional antenna, an sensors are
di recti onal Ianalapuiae gepgrater Gebe af(ihvderdiing tod, amg Ofk)oviaenes(kil,2p..11s i n
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The cross correlation output may be denoted by:

O'(k)=ZL:ref(i) -O(k+i-1) (2)

i=1
An alternative but more accurate expression for the cross correlation output
is:
o't)=
] (3)

1L | ref(YOGk+i-) 1 L refO(k+i-D :

List | oG Limt efG)f

The shape matching instant m is the time at which the cross correlation output
is a maximum O’(m). L should be selected suitably so that Az L is almost

equal to the width of a pulse, where Ar is the discrete time between sampling
pulses. Ref(i) may be set to be the same waveform as the transmitted signal

f(i).

If the amplitude of the combined output signal O(f) of the sensors

(51,52,53,84) is less than n and/or the correlation factor is less than 14, then



14. A method of neasuring distance conprising the steps of: 16
transmtting pul ses of radi o waves; receiving pulse signals using a
plurality of sensors aligned on a plane, said pul se signals having been
emtted fromthe transmtter and reflected by an object in front of said
pl ane; conbining in an adder the pul se signals received by said sensors;
detecting the conbi ned pul se signal outpyut fromthe adder; conparing in a
conpar at or the conbi ned pul se si gnal mﬁﬂ# a reference pulse to identify
desired pul ses; determning the tine between a transmtted pul se and a
received pulse in respect of desired pulses identified by the conparator;
and cal cul ating the di stance between the transmtter and the object from

t he det er ni ribe shapeyoft theereceivedssignahisddegmadtte -Heodifferer femi thegdesiragevi ce
conprising th hod, of neasur.j .di stance according to claim 14 and
further conﬁ?‘ﬁ%? %’}‘.’et?‘&sé%@d‘f"'ggd%?fﬁg-the i magi ng devi ce dependent upon
the di stance neasured. 16. A nethod according to claim14 or claim15 in

whi ch the triagRouldtins nbtddsthat #rthe darget obfutr 4 isavely dlat bha crtiugonal & the
directional antennas 17. A nethod according to claim14 or claim15 inp

whi ch the t reafsial exisd spiesteflegtiensoffam syrmetetical fointa aiewnd arnalbALR f are
omi - di r ect | §Rasnfat 5483 ay aleG%al HIHe cdiePeritine, as shown in Figure 2, which

may cause a variation in the time delay measurements. For this reason, the
time delay measurements T are averaged in the average module 14. This
technique may increase the accuracy of the measurement of time delay 1

estimation. The reflections from random places may also fall in coherent time.
However, the amplitudes of these reflections are typically small and have little
correlation with the desired signal. Thus, they are considered to be noise.

Based on the time delay T from the instant of transmission of a particular

pulse to the detection of the desired signal reflected from the target 4, the
distance d from the transmitter 2 to the target 4 may be obtained by

d=C1t/2 (2
where C is the speed of light.

Thus, a signal proportional to the distance to be measured may be obtained

from a signal corresponding to the measured time delay t and this signal may

be used to drive the auto-focusing system of an imaging device so that the
imaging device, for example a lens, may be focussed onto the target 4 as
required.

The systems and methods described above as embodying the present
invention may measure the distance between a target 4 and transmitter 2, and
drive the auto-focus of an optical system to focus on a small area around a
central axis. In practice, the size of the focused area depends on the duration
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10 the present invention are particularly advantageous as:

1) Distance measurement and focusing are robust against changes in
temperature of the target as well as the brightness of the environment.

2) More accurate focusing may be achieved than systems using infrared
light.

3) There is no requirement for an imaging system for distance
measurement.

4) The system and method embodying the invention is capable of highly
accurate focusing onto a small area.

5) The system and method embodying the invention has low power
consumption.

6) The system is not complex to implement.

7) The above-described systems may be incorporated, for example, into a
camera, camcorder, projector, or other imaging system for the auto-
focusing thereof.



10 10f, 109 ()- y *109% ()- Y y dEbCF% 109&f0 109 ()-k,u 109% ()-k, u
10% & ()-fYoz 109& ()-S 109%& ()-ad10% ()- h{\=f % 10% 109%& ()-9109%& ()- 10
10 10@109%& ()-'f0 109& ()-!f0 109 ()- G PdE{\ =f % 10%

109& ()-y109%& ()-, 109& ()- , YLO%& ()-, 109& ()- 109%& ()- PAE{\ =f % 10%

(Z109%&' ()-y#g 109& ()-fs! 109& ()-fz 109& ()-, @O%& ()-,109%& ()- YxnbCf %
109t 109& ()- 10 10 10y@z 109 ()-y3z 1Q9& ()-y2z 109& ()-f*

109& () - zdEMbCF % 109 % 109& ()- Y@ 109& @ - @09%& ()-fz 109%& ()-Gz

109& ()-FS 109 ()-1Ae_ abdxmbCf % 109®s109%& ()- 10 10

8) The system and method embodying the invention is operable in dark
environments, requiring no light for focusing, unlike conventional
contrast methods.

Various modifications to the embodiments of the present invention described
above may be made. For example, whilst the embodiments have been
described in terms of there being four UWB sensors, any number of UWB
receiving sensors may be adopted. In a preferred embodiment, there are
preferably more than three sensors.

Furthermore, the transmitter 2 and/or the sensors (S1, S2, S3, S4) may be
directional antennas, or may be omni-directional antennas. In the case that
directional antennas are adopted, the distance measurement accuracy is
increased. However, directional antennas are usually larger than omni-
directional antennas. Thus, omni-directional or directional antennas can be
selected according to the designer’s priorities as between size and accuracy.

Furthermore, it will be apparent to those skilled in the art that modifications
may be made to the embodiments chosen for illustration without departing
from the spirit and scope of the invention.
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1. A distance measurement apparatus comprising:
a transmitter for radiating pulses of radio waves;

a plurality of sensors aligned on a plane to receive said pulse signals
emitted from the transmitter and reflected by an object in front of said
plane;

an adder to combine the pulse signals received by said sensors;

a detector for detecting the combined pulse signal output from the
adder;

a comparator for comparing the combined pulse signal with a reference
pulse to identify desired pulses;

a delay determining device to determine the time between a
transmitted pulse and a received pulse in respect of desired pulses
identified by the comparator; and

a system to calculate the distance between the transmitter and the
object from the determined delay time.

2. The distance measurement apparatus according to claim 1, wherein
the radio pulses emitted from the transmitter have an ultra-wide
bandwidth.

3. The distance measurement apparatus according to claim 1, wherein
the apparatus comprises three or more sensors to receive said pulse
signals from said transmitter.
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4.

The distance measurement apparatus according to claim 1, wherein
said comparator comprises a shape matching apparatus.

The distance measurement apparatus according to claim 1, further
comprising an edge detector connectable to the output of the adder to
determine the arrival of combined pulse signals having an amplitude
greater than a predetermined value.

The distance measurement apparatus according to claim 5, wherein
the edge detector is arranged to trigger the comparator after the arrival
of a combined pulse signal having an amplitude greater than a
predetermined value to determine if the combined pulse signal is a
desired pulse.

The distance measurement apparatus according to claim 1, further
comprising an average calculator connectable to the output of the
delay determining device to calculate the mean of the determined time
delays.

The distance measurement apparatus according to claim 7, further
comprising a converter to convert the output from the average
calculator to a signal corresponding to the distance to be measured.

The distance measurement apparatus according to claim 1, wherein
the system to calculate the distance d between the transmitter and the
object is arranged to calculate said distance d from the determined

delay time T according to the equation:
d=Ct/2

where C is the speed of light.
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10. The distance measurement apparatus of claim 1, wherein the

comparator has an output signal O’(t), wherein
L

O'tk)= Z ref (i)- O(k+i-1) , or
i=1

o'(t)=

2

1L | ref@OGk+i-1) 1 L ref @OUk+i-1)
List { pef@f L= frefG)f

and ref{(i) is said reference pulse where =1 to L, O(k) where (k-1,2,...)
is the discrete time combined signal received by said sensors, and L is

selected so that Ar-L is almost equal to the width of a pulse, where

Atis the discrete time between sampling pulses, and m is' the shape
matching instant at which O’(m) yields a maximum value.

11. An auto-focusing device comprising the distance measurement
apparatus of claim 1, and a lens focusing adjustment for focusing the
lens dependent upon the distance measured using said distance
measurement apparatus.

12. A device according to any of claims 1 to 11 in which the transmitter is a

directional antenna, and/or the sensors are directional antennas.

13. A device according to any of claims 1 to 11 in which the transmitter is
an omni-directional antenna, and/or the sensors are omni-directional
antennas.

14. A method of measuring distance comprising the steps of:



10 10 10, 7109%&' ()-, YA109%&' ()-, 1109 ()-,/10%& () - RVBt S} SSSSzX9nbC 10
10%&' ()-! 109%& ()-1310%& ()-!E@10%JHUHE ()-!,L10%& ()-T':ff

10% " & () - SUULVIavVbWeWIW ASH= 10 10 10 108S10%& ()-!>2g 10%j& ()-''g
109&' ()-!>"g 10% & ()- @O%& () - dWGWAKCXXXdESH= 10

10, 10%&' ()-, FMLO%&' ()-, 109 ()- 109& ()- g1l0%& ()-10%&' ()- X YmyYYZUZaBSH=
10 10y$z 10%& ()-, Y'10%& ()-, 10%& ()- @ﬁFlofVa&' ()-!

MLO% * & ()-, 109%& ()-UzzzZZ,[p[[dESH= 10 ny‘ 0g 10%&' ()-@s10% ()-y@g
10%' ()- @ Y10%&' () - @ 10%& ()- @&10%& ()-[[\dESH= 10 10y Og

10%' ()- @s10%&' ()-y@g 10% ()- @ Y10%&' () - @B10% ()- @10%&' ()- Normal "
"Headi ng 13]c" "Heading 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63] c" " Hearsnitfing3julses obtadiionwas88$,c” " Headi ng 93] c" A "Defaul t

Par agraph Fontaj "*16p=AWFJCcTY" bdf hj | nprtvxz| Gkj 20 | R Y\ ? @G\BCDEF

6 Ti s New RorTBRab|H BOISP S AtE e Bt R Sk i pn = ABREST o)
I HSYER () *+, - . 1 01234 SOUI88: signals having been emitted from the transmitter and

<=>? @GABCDEFGHI JKLMNOPQRST Z[\ ]~ “abcdef ghij kl mop
reflected by an object in front of said plane;

combining in an adder the pulse signals received by said sensors;
detecting the combined pulse signal output from the adder;

comparing in a comparator the combined pulse signal with a reference
pulse to identify desired pulses;

. determining the time between a transmitted pulse and a received pulse
in respect of desired pulses identified by the comparator; and

calculating the distance between the transmitter and the object from
the determined delay time.

15. A method of auto-focusing an imaging device comprising the method of
measuring distance according to claim 14 and further comprising the
steps of focusing the imaging device dependent upon the distance
measured.

16. A method according to claim 14 or claim 15 in which the transmitted
pulses are directional, and/or the sensors are directional antennas

17. A method according to claim 14 or claim 15 in which the transmitted

pulses are omni-directional, and/or the sensors are omni-directional
antennas.



