, Ij e3eqV gS. 6T ;B$ AUTO FOCUSI NG METHOD AND SYSTEM Field of the Invention
'The pr esent |nvent| on relates to nethods and systens for

di stance, particularly in the context of the auto-focusi wm@l iﬂmgm g
systens. Background of the Invention There are a nunber 0

aut o-focusi ng met hods currently avail able either on the marKgt!
inliterature. Three conventional types are described bel ow

| nfrared-based auto-focusing_nethods In a conventional ,mw m{ ﬁmmm

aut o- f ocusi ng net hod, pulses of infrared light are emt

towards the target on which focusing is desired. Light is rebbected back
fromthe target and detected by an infrared det ecting device located at the
optical device to be foc : bet ween t he
transmtted and recei vedE A 3 &2 =
transmtted and received S|gnals the d| stance fromthe target to the
optical devigg|dsrthe Ihwsitmpd may be cal cul ated. The optical device may then
be focused. There are a nunber of problens associated with infrared-based

aut o-focusi ng net hods, for exanple, such a nethod is sensitive to changes
in tenper at uFke opresent inventios g‘état%mdtot eetbads gaBdnaystens fae Measwing ar ea

tendstobel e With st .a,single t

Furt her nore, 'glﬁ C?a?ﬂyf:hl:‘%f@él Fh%%tgﬁg éﬁﬂ%%&#-ﬁ@%é@ﬁ@% F’Q&%’éﬁperat ure
beconmes hi gh enough and this nay adversely affect the reflected infrared

si gnal det ecBgckdpyuidref thef Iheentbrdet ecti ng devi ce. 2 (2) Utrasound based

aut o-focusi ng nethods In principle ul trasound based aut o- focusing nmet hods
are simlar 1o the infrar sed met ho ﬂs descri bed a ove,

xcent  on 1 HEROTEnarea,ABBEE Al IYRes o1 RIS IS ANCBROS st Pl on.
U trasound bgagd o??’ﬁ{eeﬁi%rlkétr&' é}ébgﬁ%a Heitdraie POMMiEe (bR e AfiINA (t)SEs are
conventional auto-focusing netho as I's the case in conventional

i nfrared basdesambetdmdowwhen a single recei vi ng sensor is used, the target
area is large. (3) Contrast based auto-focusing nethods Contrast based
aut o- f ocusi nﬂ rret!hgds gB noé rngi re. rreasgr%rrent of the distance to the
target. In s é - in y be ainmed at a target and
the focusing of the lens may be adjusted to give maxi mum i nage contrast.

The di sadvanfnageofferiivpial iMbiahedlbabed bht-forusMaameidde plises dfiitidrelddight
required to obtain accurate focusi ngmand the edge details _on the tar

nust be cl ealre @MBIRGINA RERMiAWAEAThatargel ﬁn\wmw frcusing f%%@jtﬁdagqs%bm ens
w th convent i's‘}?.ﬂa t@Ht&cfk ﬁ@ 55@(;%?18 dei‘e&SS% é‘ﬁ %Farfe&rde‘i‘eﬁg'@m&%l ahly

aut o- f ocusi ng I's una anges 1n npera ure
accurate focbsateg! ahtma apﬂmlldie\nae tetbe Em:dsedin chy’rméasuuagdhentudardelay
envi ronnent s, of thgtpl nventi on ing to a first aspect of the

present | nvehﬂ“@ﬁ grtgaqgm woe™ sst'% 8 sﬁ?@ﬁ@ﬂ?g Ao powers of
conprising: fhe (rBARSMitidE andCFedeMt P Sighaild Uneeistinde? floth WR¥ Sdirget to the

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

9%r descri bed

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.



~a plurality of sensors aligned on a plane to receive said pul se signals
"emitted fromthe transnmitter and reflected by an object in front of said

pl ane; 3 an adder to conbine the pul se signals received by said sensors;
a detector for detecting the conmbi ned pul se signal output fromthe adder; a
conparator for conparing the conmbi ned pulse signal with a reference pul se
to identify desired pulses; a delay determ ning device to determ ne the
time between a transmtted pulse and a received pulse 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.
Preferably, the radio pulses emtted fromthe transmtter have an

ultra-w de bandmﬁdth In a preferr d enbodl -nt, the apparatus conprises
three or nor@)serd¥iasound based aute-focusing met

Preferably, said conparator conprlses a shape natchlng apparatus. In a
preferred emaoghﬁe nnecltﬁ%g%ﬁaaﬁéédww@é@'ﬁ% %Bﬂfo@fsuéré UikdhalF eORRS i ses

an edge detect |l e to the output of The adder to determ ne the
arrival of ciofraratcbaged mtbo@mdescribm abp\e, withpther exeepioadhat thendeviees

d d val ab d
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pul se signal is a desired pulse.
and, as is the case in conventional infrared based methods, when a single

receiving sensor is used, the target area is large.

(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 conprises a converter to convert the
output fromthe average calculator to a gignal corresponding to the

di stance to be neasured. Preferably, the systemto cal culate 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=C |2 where Cis the speed of |ight. Accorqin to a second aspect of the
present inventiorflt ﬁ&‘i’ toLombine dik Prise signAls %%Y‘?@blﬁlégidc%eﬂ,s& rising the
di stance nmeasurenent apparatus defined above, and a | ens focusing

adj ust ment for fofifedidol H6r BRTLA pl‘%dé&hbh'%nphf%@ gﬁﬁha%ﬂo&eﬁéw% using
sai d di stance neasurenent apparatuS. According to a third aspect of the
present inventioraddesye is provided a nethod of neasuring distance
conprising the steps of: transmtting pul ses of radi o waves; receiving

Canal 5 havi ng beboDRBatRhir Prfarba g Drfio e Bl v BEa BFH L cc
in front of sai d5p]j|§@ﬁj ideptfy) desi@d pulses;adder the pul se signals received by

sai d sensors; detecting the conbi ned pul se signal output fromthe
adder; conparing in a cogpar ator the conbined pulse signal with a reference

pul se to identif)? dé8ieyedeimiBing (favigen iqi fiptemraing; fge pbmpechetween a
transmtted pul sq.adhfefeHALY eéhép‘all e'v'éd.r ﬁﬁl@@cih ngEts bf féspal Zﬁﬁ%%s
and cal C | n e

identified by the conparator, ulating the tance betwe
transm tter and tidentifigdeby tHe comparator; and

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

Preferably, the radio pulses emitted from the transmitter have an ultra-wide
bandwidth.

In a preferred embodiment, the apparatus comprises three or more sensors to

receive said pulse signals from said transmitter.
Preferably, said comparator comprises a shape matching apparatus.

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.



the determ ned delay time. According to a fourth aspect of the present
invention there is provided a nethod of auto-focusing an inagi ng device
conprising the nmethod of neasuring distance defined above, and further
conprising the steps of focusing the inmagi ng device dependent upon the

di stance neasured. Preferred enbodi ments of the present invention aimto
enabl e highly accurate focusing onto a snall target conparing signals from
several sensors, such as UWB sensors. Sugh systens and nethods are

advant ageous as they are suitable for use in dark environnents and do not
require additional light for focusing, whereas conventional auto-focusing
nmet hods commonly require high light intensity. Al so, distance neasurenent

i s obtained easily and SUCB@% st ens aqﬂ nmet hods are robust again hanges

t .C
i n tenper at UPedoprefered g t, AR digfaRge otisasuTement pRPa %3@??%
enbodi nent, Syt 5o AL | r H¥Bo, I A PRIHPT S,
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of the Fi gurdetefniaing dexicé tatalcoktethe meanrofdhe idetermiingd tiowe delayesdhisoed,
for the sake of illustratiqn onl Mth referen o, the.fol |l qw Fi gur es
i che 18 Pertawar; advardag8dd andt reduaPadhe HTERt St e g el i e n
of the presqpg cofetitfonuridd.gure 1 b is a schematic bl ock diagramof the
si gnal processing according to an enbodi nent of the present invention;

Figure 2 is a graph show ng the timngs and shapes of transmtted and
recei ved si gnaBspeefersed i ergbodimante tive dlistance omeaBurgmentc apparaiestfugher and

ond e del QTR SonOR e RO BB Ak SUBUE Pl e AR TAR o M
Det ai | ed Desdigndltdopidspbniihgfte thé distaediomiieasbfed)r i nci pl e enbodying the

invention is shown in Figures 1 a and 1 b. Figure 1 a shows the distance
nmeasur ement S%Ete of an auto-fo usin%hdevice accordin a preferre
f@

enbodi ment of Ym\V&W%ﬁm/\lﬁ’i cylate GQStQ“?‘P grﬂ@ﬁ”??%rtﬁg,tr%mﬁtpﬁ%n
preferably qge%bﬁéa-igwﬁ&@@@g tBLéé@ulétrea%E o‘iétﬁﬁ(f%@'ﬁ@rﬂ tAb téﬁﬁiﬂﬁ& dblayf Ne
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transmtter berng sit approximately 1n e centre o anar -array
of receivi ngjrierevcordifd tStheBqurtion:i n this exanple, four ultraw deband
(UMB) receiving sensors. The array of receiving sensors (S1,S2,S3,54) lies
in a plane, hereinafter referred to as the UAB sensor plane, which is
substantially ortde@an@l to the central axis (not shown) passing through
the transmtter 2 towards the target 4. As the receiving sensors
S1,S2,S3,S4 are equidistant fromthe transmtter 2, signals reflected back
from any point onvhere ednthesspresd af lighbul d arrive sinul taneously at all of
the receiving sensors (S1,S2,S3,54). Therefore, pulses transmtted fromthe
transmtter i dRdnat ! [RYEaTeT i i { s,
for exanpl e +SrraneC &Seing adhegr chthe Bt St LRGN 1IIB ISIROUBd N =, g
shown in Fi gaute-faclsing hdesicgnalognprisimg athe fdistansengsoeasyrémed?, 8pp&dtusr e

nbi ned t d i I t which is,.t d.t t i
S hper op 1 SE RS BedyB] e 2t ot SOk 5 oG e Tene. "
di stance bety&ashdene lgngngme Higtanicd fﬁ@ea-sfu?é@fﬁs‘iﬁgfrsa% distascelingéairémeny t hen

be used to focus the vice. The signals reflec I

ed fromPoint A and
recei ved by apparatusr UWB sensors (S1, S2, S3, S4), when added, will give a
strong pul se with a short rise time, as shown in Figure 2. By contrast,
carpl o, _poi AP, B o R4 ko W e Brefnbeifieord' (S bidyiged'a
(S1, S2, S3, S4inethud] vfvacasunre tistanoendunerdsing theisteps dfhe sensors in these
circunstances will have a slower rise tine and | ower anplitude, and the
resul tant waveformw|]  be w der than that of the signals received from
targets which Ii etr%q‘%’ﬂﬁt”i&Bméeﬁpféﬁﬁ%W%’?sf or exanple, point A as shown in
Figure 2. It is therefore possible to differentiate between reflections
Largete offaet {1 oot ney BSe SEMAIL TSIy plueRty T iSoRs SlighR! th dplate]
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;



A shape matching technique (matched filter) may be used to recogni se and
accept the pul se shape corresponding to the sharpest reflection fromthe
target and ignore and reject any other signals. In an ideal environnent,
that is one with infinite bandw dth, the shapes of the received pul ses from
the four sensors (S1,S2,S3,54) would be the sane as that of the transmtted
pul se, although the anplitudes nmay differ. If the transmtted signal be
denoted by f(t), then the conbined output of the four sensors (Sl, S2, S3, $4)
fromthe target may be expressed as: O(f§ = af (f)+bf (f)+cf(t)+df (f) _
(atb+c+d) f(t) (1) where a, b, ¢ and d represent attenuation factors for
the four sensors (S1, S2, S3, $4). 8 (f) has the sane shape as f(t) which
is known, a priorj. In practice, due to the finite bandw dths of the
transmitter and roetestingtheRosmbined pulse signalioutputiiamad %ﬁgaﬁg may differ
fromthe transmtted pul se shapes. However, the received pul se shapes may
be cal cul ated fr : } i } éHleennae,
and hence shoul d%@@b@@%&ﬁé@gggﬂiﬁéﬁg@ %l?l?%rsliﬁ?ﬁllzgﬁﬁg?ﬁ%%{c' ty,

i deal environnentplsa to ideptifysdbsinedipudsdsol | owi ng descri ption. The shape

mat chi ng pul se signal detection nodule according to an enbodi nent of the

and a signai assQRtBBIEHR g FERe R B T o o B v T BB B <.
generator 6 to priﬁtﬂe@;ﬁacﬁokﬂ@éﬁﬂed\?ule‘égﬁdéﬁtﬁibb-by'ﬁhe dopthHratar] aed conpri ses a
nmul tiplier 10 arranged to nultiply the output of the pulse generator 6 and

t he conbi ned received signal (t) fromthe si 2nal assessor 8. In the first
branch of the sha&fcuialingthy) disiaree befvegn dee dranspitterand dhenekiach from gur e

3, the conbi ned i I f the sensors (S1,S2,S3,54) is assessed
in the signal asggéggrte@'ﬂ?@dg%t%%ﬁbi ned output Qt) is greater than a

threshol d value n determ ned by considering the SNR (signal -to-noise ratio)
of the conbiAdrdingpiat asfoynthl agpedt, ot ke Ipoesdntpinvertiare tleerst & pBovided a

triggered to {h%;ﬁi’uc? a ug se f(t) matching the desired.received pulses. The
out put (1) BPICRe Of oeul-gGHEB0 g aRc Impalnds deviceo CPMLING \ihen MSHEod ofibi ned
out put si gngheSbiinngidistBRce edeitict @Bbve2.apet Fnther !&ofﬂlﬁisiﬂ%tth%iél% s16f

l ocated in a second branch of the nodule. The nultiplier
consti t ut es facusing #heriragiog deyinerdgpendent upen the distantet mepsauredr m t he
correlation of the signals. If the correlation factor is high enough, that

s ¢ ¢ . I ' . ' . . L
doermd to rdreroraLBHBERy TR G BréfordiduasBR o ST bE g e
del ay bet weedcusifgiontd angmal tdrgenesmparing siinafks Pemt seudrall sandoss s dde
edge 9 detection of the recerved as determined in the first

| se,
branch, is WL Se08Y. o SUChOSYSATRS &K biathedsAre obaRIageous IS dAvasre i mes
obt ai ned fr og)ibh i rdlel &y iﬁﬁ%ﬁybﬁﬁi'r&ﬂnébft%t% Ho hoY ré?:euﬁ‘%qé’tﬁ’&iﬁgnﬁfli liges are
gl ng system g g delay ti si gnal

averaged in an averagin 410 give an avera
(err) . If tfoeusing) iwheteasfcdrventiondli aatdb-focuping methads @ammohiyt hequEsnsor s

S Cnent bR Igbe ok ARG i s s hew Sas Bk o
the desired gutsifs fdnid maibdd SreStobidt ahinst BRangB¥ It tbmperature 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:



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
smal|l area of the central axis may also fall in the coherent tinme, as shown
in Figure 2, which may cause a variation in the tinme delay measurenents.
For this reason, the tinme delay neasurenents (err) are averaged in the
average nodule 14. This technique nmay increase the accuracy of the
measurenent of time delay (err) estimatign. The reflections fromrandom

pl aces may also fall in coherent tine. wever, the anplitudes of these
reflections are typically small and have little correlation with the
desired signal. Thus, they are considered to be noise. Based on the tine
delay (err) fromthe instant of transm ssion of a particular pulse to the
detecti on ofFigye HRds cescherpalic diagramcilstrating,ap RMbagigant of tgﬁe""&?%‘i"ance d
fromthe trqﬁﬁﬂhkher 2 to the target 4 may be obtained by d=C (err) /2 (2)
where Cis the 'speéd of light. Thus, a signal proportional to the distance
to be neasured may be obtained froma signal corresponding to the neasured
tine del ay (Figure tmis alschenmiagicablociagliagearnsadhe sighal \peotessirgiaosdrdingsiong
system of an i magi devi.ce so that the 10 imaging device, for exanple a
| ens, may b@W%@gegﬂWn}rﬂfiﬁ% Rées[egﬁgylen OBs required. The systems and

nmet hods descri bed above as enbodyi ng the present invention nay neasure the
di stance betpiggl 2 Is208Faph AABWINGNRE tirhiRhs 2an@ YhaelsV 6f timsAifted famus of
an optical syStemto foCus on a small area around a central axis. In
practice, tlreceived signalhactardingdo an embadipeentof dhe present invenbianodnd he UWB
pul se emtted fromthe transmtter 2, nanely, the narrower the pul se,

on B devi 4Bt d.ia e penefiafe BARHT sBBRTE SORGE oeRtoh, SHaBBRA o ng
short pul sesarif tifadctay\eaesiation th bhensisstiven) of the-FésentEiivistiany sensor
that receives the corresponding short pulses. In summary, systens and

met hods accor di ng ef of the present invention are
parti cul ar | &4 hof Preferred Smbodimepts; yr enent and f ocusi ng are
robust agai nst changes in tenperature of the target as well as the

bri ght ness J i i i eved
than syst ena! s ROl 6@08RANG (R MSRGRIE ShBuR if FigaEam L Bia P, U

i magi ng systtanshowsdihe alistangeaveasutement4yysterm of sare auodocusing desidsodyi ng
the invention is,.capable of  highly accurate . focusing,onto a,small area. 5)
The syst om ARFORUPAOR Egeiering ETBGUERt PhrMRad RS BoRBRE ATRARR on.

transmitter 2, which is preferably an ultra-wideband (UWB) transmitter, aimed

=-cto

at a target 4, the transmitter 2 being situated approximately in the centre of a
planar array of receiving sensors (S1,52,S3,S4), in this example, four ultra-
wideband (UWB) receiving sensors. The array of receiving sensors
(81,52,83,54) 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 S1,52,53,84 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,S3,54). 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.



6) The systemis not conplex to inplenent. 11 7) The above-descri bed
systens may be incorporated, for exanple, into a canera, cancorder

proj ector, or other imaging systemfor the auto focusing thereof. 8) The
system and net hod enbodying the invention is operable in dark environnents,
requiring no light for focusing, unlike conventional contrast nethods.
Various nodifications to the enbodi nents of the present invention described
above nmay be nade. For exanple, whilst the enbodi nents have been descri bed
in terms of there being four UAMB sensors, any nunber of UWB receiving
sensors may be adopted. In a preferred enbodi nent, there are preferably
nore than three sensors. Furthernore, the transmtter 2 and/or the sensors

(S1, S2, S3, S4) may be directional aptennas, .or nay be L-directional
antennas. | f\§ ﬁéo\‘!ﬁs@ Ffe'ﬁhlfe 3 r 88 Signals ﬁﬁ%ﬁ“é@“ra?%x%ﬂiﬁﬁ%ggé,z’gﬁeg dnce
measur ement Qe hendi Ml idi | i

usual Iy | arger tﬁg(rg]!(%md#e{??g%a L@%‘?&"ﬁ@s@wf ugf%?ag? ?gﬁﬁéﬁ%ﬁeor

di rectional apprepriate reflactien.s dusthiee pracessing ngeurs tohdetdayingmithe distanesriti es

as between size and, accuragy. rthernot jt-willL. be apparent to those
kil Ted i n drwept thaderdebd snd the BAESRiGr ThlstisBRALREH IR RE AT Rosen
for illustrapifgsudMHedsiicgleparting fromthe spirit and scope of the

i nventi on. 12 CLAIMS 1. A di stance neasurenent apparatus conprising: a

transmtter for radiating pul ses of radio waves; a pl uralité of sensors
al i gned on alhg signals reflected dramaiRpipLuAsand irgeeived dii thee dourr UMY raensors

combi ne. t he (urie 3 SharoetagREME e # soBlaihe A PhdREpe e e 10
detecting thshownin Feglreud.se Byasumitrastit reflectidrafrohe tavgdsy whichc dopsataieor f or
conparing the conbined pulse signal with a reference pulse to identif

desired pul s¥ang hejeenijalie far Axampleepoird B domatarive simuianaausivak alken a
transm tted fBHt Egn?d}%@ 1 %?BY&?@ GéHH HréfBrd HRPEGhbNed WiRthLEST ! stfisors

i dentified by e co
in these circumstances will have a slower rise time and lower amplitude, and
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,S3,S4) would be the same as
that of the transmitted pulse, although the amplitudes may differ.

If the transmitted signal be denoted by f(t), then the combined output of the
four sensors (S1,52,53,54) from the target may be expressed as:

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

where a, b, ¢ and d represent attenuation factors for the four sensors
(S1,82,83,84).



a systemto calculate the distance between the transmtter and the object
fromthe determned delay tinme. 2. The di stance neasurenent apparatus
according to claim1l1, wherein the radio pulses emtted fromthe transmtter
have an ul tra-w de bandw dth. 3. The di stance neasurenent apparatus
according to claim1l1, wherein the apparatus conprises three or nore sensors
to receive said pulse signals fromsaid transmtter. 13 4. The di stance
measur ement apparatus according to claingl, wherein said conparator
conprises a shape matchi ng apparatus. 5. The di stance neasurenent apparatus
according to claim1l1, further conprising an edge detector connectable to
the output of the adder to determ ne the arrival of conbined pul se signals

havi | £ ud h det er m ned | ue. 6. The di
moasurenent QUpERMESRE SaPR S ) VPRV Sk MRr 2 PHok e cdge det eat or 1 s

arranged to trigger the conparator after the arrival of a conbined pul se

signal having pchee! iduddo ahedfifite IWaRAWAItAS CECHEE NraRimMal Whd Gel&i&r m ne
i f the conbined pulse signal is a desired pulse. 7. The distance

measur ement arjeanag, ubeaeceivgidnpulse shapes may rdiffem front g tiasismittedh palasr age
calculator c taple th t Rut h l.ay . deg er m, 0l dgxicg to
calculate t hsg‘%gh E‘Pwtq&{gr' t@t%ef%eﬁég g{llﬁé %@%%?sx’ag' E’%h@'@@@gnﬁéh the
neasur ement @pperisus e tanditertahd-fetelver anternides anddigncesshogildalksorbeer t er
to convert the output fromthe average cal culator to a signal corresponding

to the di st Rnsidesed @stkagyiy. @gpriori.

For simplicity, ideal environments are assumed in the following description.

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(t). The module
also comprises a multiplier 10 arranged to muitiply the output of the pulse
generator 6 and the combined received signal O(t) 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 (S1,52,53,54) is
assessed in the signal assessor 6. If the combined output O(t) is greater
than a threshold value n determined by considering the SNR (signal-to-noise
ratio) of the combined output signal O(t), the local pulse generator 8 s
triggered to produce a pulse f(t) matching the desired received pulses. The
output f(t) of the local pulse generator 8 is correlated with the combined output
signal O(t) of the sensors (81,52,83,54), 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 m 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



9. The di stance neasurenent apparatus according to claim1l, wherein the
systemto calculate the distance d between the transmtter and the object
is arranged to cal culate said distance d fromthe determ ned delay tine
(err) according to the equation: d=C (err) /2 where Cis the speed of

l'i ght. 14 10. An auto-focusing device conprising the di stance neasurenent
apparatus of claiml1l, and a |ens focusing adjustnent for focusing the |ens
dependent upon the di stance neasured usigg said distance neasurenent
apparatus. 11. A device according to any of clains 1 to 10 in which the
transmtter is a directional antenna, and/or the sensors are directional
antennas. 12. A device according to any of clains 1 to 10 in which the

transmtter | n ommj-directional antgenna, and/ gr the sensors are
ormi ~ i r ect sHfOR AR GEcSIVad PilSee SR GEIGTIRGALL Mo TSP ENERe & FBRHIES ng
the steps Ofpy 4 RANS Heldy BAcOIMiBR Syafom A%l OTHE Ray HRA Ubiihd ek, Biranal o
using a plurality of sensors aligned on a plane, said pulse signals having
been eni tt eddlaycatcuationasgstent 42 fond sefilente of ipulses ag eaveraged iv@n of
sai d plane; conbining in an adder the pul se signals received by said
sensors; det2Veragind skstead thita givean sueraggd delaitipetsignam + he adder;
If the amplitude of the combined output signal O(t) of the sensors
(81,52,83,S4) is less than 1 and/or the correlation factor is less than 1, then

the shape of the received signal is deemed to be different from the desired
pulse f(t) and the signal will be ignored.

It should be noted that if the target object 4 is very flat and orthogonal to the
central axis, some reflections from symmetrical points around a small area of
the central axis may also fall in the coherent time, 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=Crt/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



conparing in a conparator the conbined pulse signal with a reference pul se
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 fromthe determ ned delay tine. 14. A nethod of auto-focusing an

i magi ng device conprising the nmethod of neasuring distance according to
claim 13 and further conprising the 15¢steps of focusing the imaging

devi ce dependent upon the distance neasured. 15. A method according to
claim13 or claim14 in which the transmtted pul ses are directional)

and/ or the sensors are directional antennas 16. A nethod according to claim
13 or claim.14 in which the transmtted pul ses_are ommi -directional, and/or
t he sensors imaginghfevige, it examapleaailens,gaay be focussed onto the target 4 as

. AShy . Af{Y'réQiL{Jilre%AS' ,AS{I L. AS{1 . AS{ | e. AfhY. AS{I . AS{. Af{F. AS{I . AS{ F% Af hY.
AfY) " 9] O~ X

gFzupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] c”a] ca] ca] c”a] ca] ca]ca]ca]c
na] ca] ca] ca] Tt syslaras cand Yaetfodsaplesajheta above as embodying the present

o ma@aciu e il calealetle Sl ohonlalgal shi i amlia s e ool
XU V%L Y driettheYalio-focas Bf ahueptieal K stehe & fedusads avbmall crbsafbaad @] cal ¢

a] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca ca} cal calca]calcaljc”alcalcal!..//0344
56995: : F; central axis. In practice, the size of the focused area depends on the duration

£ 2= Ve5>) R AN LY e 6 btk ithea) Rahed), SRRk SAbRR o2l

:51] calca]ca]c
a] ca] ca] ca] qalisa]smdirltieé focusedlataacaV] ca] ca] ca! A#B5Bs CEEEF2FeFF=GGEGHHH>! | |
4J7JJIKKKILLLMAGVMM vgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca_} caj cag ca]ca]ca]ca . .
he 'systems and methods described above are based on UWB devices,
however, the transmitter 2 may be any transmitter radiating short pulses of
radio waves, and the sensor(s) (S1-S4) may be any sensor that receives the

corresponding short pulses.

In summary, systems and methods according to preferred embodiments of
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.
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focusing thereof.

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, 82, 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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CLAIMS

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.



10 y*z 10%& ()-y)z 109%& ()-yx'g 109%& ()-f 109 ()-(S

109%&' ()-FLI 109& () - +k+++E, , - dEYNC 10 y4 109%& ()- &4 10%W&' ()- &0z

109%&' ()-y0z 10%& ()-.9 109%& ()-y*z 10%& ()------- N-..bC 10y@o%& ()-f6z
109&' ()-ct OLO%& ()-LYL10%& ()- 10 10 10y; 109%& ()-.03444445bC 10Sy

109& ()-LIt10%& ()- 10 10 10y3 10%& ()-y$ 10%& ()- f 109%& ()-56995:::dEbC
10y.z 10%& ()-y.z 10%& ()-y-z 10%&' ()-P+p 109 ()-S& 10%& () - pSYy

109%& ()-'::F;;;;;;:;bC 10Sy 10%& ()-&10%43()- 10 10 103:z 10%&k ()-yf8

109 ()-y.z 10%& ()-;~==Wks>>} 2dBbC 10! My, &g 10%In& ()-f"

10%& ()-fz10%&' ()-f 10%& ()-3fF 10%& ()-S 10%& ()-}??@oaad ~?bC

10S810%& ()-y2 109%& ()--!+y2 109%& ()--S9010%& ()-y.z 109%& ()-!,y *g

10%&: () - GAAGATAAOA Qo NEe HosdduForbnt ap%g%@%ﬁé )ablz:grzdir%é) & {dim P ol -

said comparator comprises a shape matching apparatus.

5. 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.

6. 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.

7. 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.

8. 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.

9. 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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apparatus of claim 1, and a lens focusing adjustment for focusing the
lens dependent upon the distance measured using said distance

measurement apparatus.

11. A device according to any of claims 1 to 10 in which the transmitter is a

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

12. A device according to any of claims 1 to 10 in which the transmitter is
an omni-directional antenna, and/or the sensors are omni-directional
antennas.

13. 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;
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.

14. A method of auto-focusing an imaging device comprising the method of
measuring distance according to claim 13 and further comprising the
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measured.

15. A method according to claim 13 or claim 14 in which the transmitted

pulses are directional, and/or the sensors are directional antennas

16. A method according to claim 13 or claim 14 in which the transmitted
pulses are omni-directional, and/or the sensors are omni-directional

antennas.



