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1 APPARATUS FOR DETERM NI NG THE POSI TION OF A
MOVEABLE APPARATUS ON A SURFACE The present invention
relates to an apparatus for 5 determ ning the

wo 20@fbieen of a ndveabl e apparatus on a surf ae@icE06002713
relates particularly, but not exclusively, to an
apparatus for determnind§ the position of a noveable
cl eani ng and/ or inspection apparatus on the surface

ARPARNEUS UFOR CPEBERMINENG] THE POSTITHONTOF AcHANBABLE

met hod bf insp | N l.eaqni ship's hull is to

dry-dock the v%g%éé§é§;$§§;§;§§§§%§%or scrubbi ng the

surface to renmove fouling. This is an expensive,

| abour intensive and tine-consum ng process, 15 being

BBEf BEREGISy ey B tyenr §etalesn TRsB| RRATHUD §/% in
detera@h¥hGe +&Rd (OL8RY o2 BrY8ahsvisI€alb irdBls idS a

remalning lifetime to maintain its seawort hi ness.
surfafket erngt eleyatdisv@egticelanpy oyledt wieh exebirsdtely 20-0
an appan ubbers Lo ¢lhean thg Sﬂéé aﬁgsﬁi(ﬁﬁ ePUl Imoveant

Brdéerwat er cl'eaning pr8V| es a net hod of conti nua
cleanienpeald/ofr fioudpiarg iandapparatugromt bhdetwetace of the

dry-docki ngs, increasing the efficiency and reducing
hull Ofe 3 g costs of the vessel. However, this is

| abour intensive, hazardous and tine- 25 consum ng

operation which is not environnentally friendly. In
Fé€ertoslearsmmpghdatéofe Hnol DR FasP@dFafc &ded 189 2

ship’ROi iy where yemitel o operated yeic! egr{ RO 28R4 g or
aut ononous underwat er vehi cl es AUV) can be utili Sed
scrubb@ngertben1surface to remove ouling. This 1s an

expensive, labour intensive and time-consuming process,
being performed every 5 years for a vessel up to 12 yrs in
service and every 2.5 years thereafter for its remaining

lifetime to maintain 1ts seaworthiness.

Alternately, divers are empioyed with underwater
scrubbers to clean the surface of the hull. Underwater
cleaning provides a method of continual removal of fouling
and marine growth between dry-dockings, increasing the
efficiency and reducing the running costs of the vessel.
However, this is labour intensive, hazardous and time-

consuming operation which is not environmentally friendly.

In recent years, iobotic technology has advanced to a
point where remotely operated vehicles (ROV)} and autonomous
underwater vehicles (AUV) can be utilised to perform
specific tasks. However, ROVs suffer from the drawback of

requiring a skilled operator to manoeuvre the robot round a

‘given maintenance path and clear line of sight. The AUVs

developed for this purpose utilise 3-D sonar imaging to.
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30 specific tasks. However, ROVs suffer fromthe
drawback of requiring a skilled operator to manoeuvre
~ the robot round a given nmi ntenance path and cl ear
woRkéme1@bs si ght. The AUVs devel oped for this PUFHBI@6/002713
utilise 3-D sonar imaging to CONFI RVATI ON COPY 2
gui de the vehicl e under er to areas wth fouling
whi ch is conpl ex and expensive to inplenent.
guid@athbat vapgpll@atqr&eny@t@@omﬁm o Sl o§@§léﬂ9ed8918h

is C%ﬁé%lngla @r@gqﬁmh%ﬁbgg an eddy current

dlng an eddy current generator and
an eddy current recelver The testing apparatus also

includes an optical, arr det ing.th

posi k3 % S ott %%T%%o%ﬁﬂ$%§ﬂgg@%5%§grght 8§F% eh"€aay
curr8880;e dien @ ddlypd Pa €us rentideesin I@gldlyea:drtmmﬁtg tlezsednt_zjo

determ ne paraneters such as fla ef ects, on or

head fetuding SR f QY of LT Fri ol S0 eﬂfna &%ef%h; s
curréﬁﬁaPQ§QF5grSufﬁ§r§e§ffﬁﬁt Ha%advankaoa nidhaldelst adb

only optically detects surface features in order to
optidet exnyaregehen poSeT i datofmitha de ddnp @@ﬁﬁéﬁ#ﬂkestlng

coorgfggtéglgfliylf?té’d&g gi&gfetteé%l o esuld . W fRee and

near surfac ected as theé eddy current
currdﬁteté@tlm@aMsaSUEéemg dsomid mictedrgmes pefrage téept h
suchpgge£{gﬁéqgr defects on or under the surface of the

object being tested.

This arrangement suffers from the disadvantage that it
only optically detects surface features in oxder to
determiné the position of the eddy current testing head
relative to the object. As a result, surface and near
surface flaws can be detected as the eddy current detector
means suffers from limited subsurface depth penetration,
that is only thin plate or a few millimetres beneath the
surface of specimen thickness can be successfully. examined

using this system

Preferred embodiments of the present invention seek to

overcome the above disadvantages of the prior art.

According to an aspect of the present invention, there
is provided a position determining apparatus comprising:-

magnetic detector means for causing magnetic flux to
be directed through the surface of an object and for
detecting variations in magnetic flux caused by at least

one sub-surface or surface feature of the object; and



20 that is only thin plate or a fewmllinetres
beneath the surface of specinen thickness can be
successful ly exam ned using this system

Preferred enbodi nents of the present invention seek
to 25 overcone the above di sadvantages of the prior
art. According to an_aspect of the present
invention, there is providéd a position determn ning
apparatus conprising:- nmagnetic detector neans for

causi ng magnetic flux to 30 be directed through the
sur PRICE 3T 2aHe U1 e BEARH I For "Het & F‘ﬁﬁl%rqfatt?% nePHFTatus

reBAREt L fl UXagausedshyr e l-eastrONg sHY-PHIRGE4Ove means
surface feature of the object; and 3 optica
forddtietnortheeaprarties Beeeki by woriere off Ehe ochppal atans!
Conrtelo? { ie\a/u%s tﬁ)raéon!t%gfi' On@h Slég_{@ece fr?satiHrJ:eesOf nszeh%o data
06]66%; drive Teans for riV|nngﬁe apparg?us across
oravii@ds by facengincaic obieair mRds coptreedntiransbfFOtrface or
controlling the drive nmeans in response to data |
SUS PR i T@EEVISY PhePRagiectc et B I6FPIREANSS bt ¥ent gty the
opt3Hbr switace - ofe Sy face features of the object, and in
response to data provided by the optical detector
means. I n exanpl e enbodi nents, by providing
magnet | o geL eghor, qRaps, fx?%ﬁ p‘%%ﬂzﬁaiﬁg%av kL QIS Ay
magneti C ux" caused by’ at” I"éast one subsurface or
measyr fFaceldeatine efridracabj ectnagardioptliwcalkades@dtyont
means for determnin hanges in position of the
teaghpaat R SPEFATT W Fg‘r%’ﬁ‘ée gﬁ’eaﬁBF% ‘Fé r 887%F% 1 e
opt@BEeCletdcibs W des ddreragdyany agantbatid hespesid benthe
of the apparatus relative to the object can be nore
aprggeitatielyt et &0 PF el MOSEnERR TIE SRl idts e°detlectthis
pro%é%@ t%%naﬁ%ﬁ@ﬁ% tt%ageEﬁ%tpo%%%H%‘E 3PS HE L AGE 0r
surface features of the object, which are T'ess prone
relppige vied Ithsectpedtalcse beadimgscasratalesaetephifegul rhgee
on_the surface of the_object, an oSy ti dat a
R R i
subdeteidd ne bherfpesifeboured dfhehappaicatyswiielabiryeldss prone
~one or, nore of said permanent subsurface or, surface
Lo peRt ures. TAl KU Sy e aet PRl Agt THahg8S T agneti e
surfh¥X, o f R@cMBENEL C dat 64 OfiBaRs: JoRhi6&d Al Bhe optical
t hi ckness of material for detecting particular types
detgeten Fgant aed! & 3671 dee PEAFIFES ,t%éo%%s#fdionn@'édtfieo
' I j t he -sur f '

R TR e Seat e TERTSF Contact anage (o Thar ace o
sursact atmtafres hehlohy, eby dirorintihe sregueti &n detgeetor flux,
neans., . The magneti ¢ detector ans _nay_conpris

they RIS PPUSCHT B5LIRD TRaRE FOF dIPREIThg Haghor &t

forf HeiXeddim@ugbr&i Swafracgped dheubbjiefice andstagnet ifeatures,
flux detector neans for detecting variations in

doefpietieedf FaxPadialehtct O8aR A" sirfach® a3 4 Es ot tH6t

objatt | 8aSlhOREn Sfisd sS YRS UFfAC 8 £ Oforsiticf-aagnd gatidl endfsurrace
the object. 4 ~ The magnetic detector neans

of providdestt padiely dhcafedottisndBlEaeT @8etFes furt her

. below the surface to be detected than in the case of

prior art apparatus, for exanple, features of the
supper hagketiet cetoftar stHapsangy welnged ss esnmeSibefiveen

. plates. Such_features are | ess.prone to varjation
AL REE LS ARG bet B E o BBl NS, Y oR g Mraess Of
the@obh®S,t 200 AEGWRIl-atlL 9n RftedBbl NRGEOWHR Itelting

corrosion of the surface of the hull of a ship. 10The
Vargaghets dof PagngtFectlivig 2Aear ik EBnprived gk as & result

of at least one said subsurface or surface feature of the

_object.
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| east one el ectromagnet. Thi s provides the
advant age of enabling the magnetic flux density
di rected through the surface of the object to 15 be
wo agli7aedzesl to a level suited to the particul apcT/GB2006/002713

application of the apparatus. The magnetic
flux detector neans may donprise at | east one Hal
Ef fect sensor. 20 Thi s provi des the advant age

l(zmeemaiajﬂemdm@mdt@rf mexntzo plrevddeer thaeddapngage of
ocation spaced from surface of the, gbjec
enabligy feqgfe qhgrhgﬁﬁg | CTRGYT 58?ecF§rb§e§ﬁ§8§%§§

than rlcﬁ teetde e ‘Fﬂfl@lﬂ eGtc @@@b&@ﬁ:u\@l t Hotthex2mpdwr f ace
of the object. Thi

s m ni m ses the ri.sk of da to
featqawes AU fdte BB e Pd@Feitc aflSE%?d@PSef“&ﬁ%@aﬁgams

betwe pa;ﬂé:sal QL 8L QI HBANS JFRY 16 brs@el kbuRhRaktObn
or illumnating the surface of the object with

whlcli%@naly gwﬁ mcbadut?mfad@teemmmﬁns frar cgerecei A§ 2
re
resu]d%g%%taocf L}Pg lOIlr Rab sfr?ad:a&%u&fr?)g&ge oA or corkd@ibhiBE

tect the intensity
the Dfrfdghtof eﬂ{eecme]cl fofora ashplpural ity of |ocations on
said surface. 5The |ight detector neans may conpri se
an array of optical detectors.

The magnetic flux directing means may comprise at

least one eleétromagnet.

This provides the advantage of enabling the magnetic

flux density directed through the surface of the object to

be adjusted to a level suited to the particular application

of the apparatus.

The magnetic flux detector means may comprise at least

one Hall Effect sensor.

This provides the advantage of enabling magnetic flux
to be determined at a location spaced from the surface of
the object, as a result of which the magnetic flux detectoxr
means does not need to be in direct contact with the \
surface of the object. This minimises the risk of damage to

the surface and/or the magnetic flux detector means.

The optical detector means may comprise illumination
means for illuminating the surface of the object with
light, and light detector means for detecting light

reflected from said surface.
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The optical detector neans nmay be adapted to
determ ne changes in position in said array of
at | east one inage 10 pattern received by a plurality

waoofoos@iogksopt i cal det ector. At | east onercsei:BR006/002713

optical detector may be CMOS detector or charge

coupl ed device (CCD) detector. 15The optical detector

nmeans may further conprise beamsplitter means and

f Beeshl gigt nbeFec FOF MRS S1avg NS GRERSAth TR Fedeati £)C
; of . sensors. W | t v BH Socations
inteppi oy (of ’?hﬁ“‘%&%ﬁ%ﬁﬁf%&f ?“"mﬂslf‘%%‘tl?ﬁg depth of 20
on shiel supfatbe optical detector nmeans and nmaxin sing

t he range over which the surface of the object is

focussed onto one or nore sensors, and al so provides

t fge alygnt aget&babr Needd andyoausuariran gementrays of

_necessary in order to illumnate the surface of the
optigpiedtteq8oaSresult of which 25 the conplexity and

cost of the apparatus is reduced. In a

preferred enbodi nent, the illumnnation neans is

atlapt egtioal| flahtabaee BeRNSRFAMRE (FAPLRT @ igFermine
subst anti al tafi { iand he
Chanﬁﬁah%nséogé ég o%ﬁn%%%%aggggﬁé%gégpsg§%§{gg?,Iﬁaﬁ
patteehl eetedvbrobyt hepsurdhtey i oif said emliigrpl detector.
substantially at right angles fromthe surface. 6
Thi s provi des the advantage of mnimsing the
OR¢UNEBREEcAE eriarspBScal réstddtaf mhadow fFMET S
and maxi m sing the intensitg o{ ggte table |ight
detepfpreptegPPrEm FREPSETT 4REICE (CCD) GHESEm nati on
means may include |ight directing neans for directing
a light beamfroma |ight source onto the surface,
affiedbpédipng dgtecGht Beans redY BB ¥ ofPilel L risit®

-spliE%e% RE%Q% qgﬁe%ggﬁssing means for focussing light ont§

a plurality of sensors with different focal lengths.

This provides the advantage of optimising the depth of
field of the optical detector means and maximising the
range over which the surface of the object is focussed onto
one or more sensors, and also provides the advantage that
no auto focus arrangement is necessary in order to
iliuminate the surface of the object, as a result of which

the complexity and cost of the apparatus is reduced.

In a preferred embodiment, the illumination means is
adapted to illuminate the surface in a direction
substantially at right angles to the surface, and the light
detector means is adapted to detect light reflected from
the surface in a direction substantially at right angles

from the surface.
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10 The light directing nmeans may include a beam
splitter. The Iight directing neans may incl ude
a reflector having at | east one aperture. 15

wo Ihe0ePks cal detector neans nmay include a tebeggmbédsRo2713
| ens assenbly. This provides the advantage of

m ni m sing the 20 occurréhce of errors as a result of
changes in i mage size because of variation in
diIst mneeo biedew erhe el wuytfaase off THRATGFHNgakhget ect or

occufBalSe JheOpLIcAls detachar, Mmans iy, he adep! edgt o
provi de corfected i'mage data representing an I mage

maxi10fs bnd egitar tnomsai W cfiirdacetaier diighttheesilzetefl from
said image is corrected to conpensate for changes in

the gpekatRe between the surface and the optical detector
means. 30The apparatus may further conprise
correction neans for correcting position data |
Bt i Hei by e URte GBIV dQIactosr redits CaSrRging

mean®OBbL! c@ﬂa@@{ﬁng eéreiiﬁﬂ‘teqaé%bfn thedegnaling deleskobnto
neans. hi s” provi des t he advant age of

the smabicag amdidhreriing of tiwht dsom e Pedededren &hd
to conpensate for, surface variations, for exanple to

Surf%%%p%%s%tgl?ht ?% 5t 371 ppage and surface roughness.
The apparatus may further conprise drive neans for

g'%]ill;ellc{.] Jggltnt] edffgg{fxgéj Smga?nrso‘ch?a% hiencsll{lréeacae b%fama%plitter .

The light directing meané may include a reflector

having at least one aperture.

The optical detector means may include a telecentric

lens assemnbly.

This provides the advantage of minimising the
occurrence of errors as a result of changes in image size
because of variation in distance between the surface of the

optical detector means.

The optical detector means may be adapted to providé
corrected image data representing an image of a feature on
said surface, wherein the size of said image is corrected
to compensate for changes in distance between the surface

and the optical detector means.

The apparatus may further comprise correction means
for correcting position data determined by said optical
detector means using position data determined by the

magnetic detector means.



The apparatus may further conprise control for
controlling the drive neans in response to data
provi ded by the magnetic detector neans and/or the
optical detector neans. Accordi ng to anot her
aspect of the present invention, there is provided an
i nspecti on appar at us conpn}sing i nspection neans for
i nspecting an object, and a position deternining
apparatus of the above aspect. According to a
furdher,asneet Ofe the-RE&sEeMr LAYSIHALOROINEIR 1S of the
provi ded a cl eani ng apparatus conprising cleaning
robpeaps Heodetddadi agdatswolpersafe daropjeictce Hpgiations,
posi tian, _det er m.ni r S.{Q ct.
for s e P O PR 26k ek E AR R 30E
roubghnvest i on, there is provided a nethod for determ ning
the position of an apparatus on the surface of an
obj ect, the nmethod conprising: - causi ng
magnetapga bt haybeudineectetbtheonghvd heassrfacarating
an .object; detecting variatjons in nmagnetic
the f3Rperefys FLBYS atPq S4§Faohe SaB- S 4ce or surface
feature of the object by nmeans of magnetic detector
means; 8 determ ning changes in position of the .
appheatiia taalugt o foridien €aspr bife COUFT at el FealouFEcbfing
thetglei\z%blmgg 5 k_)L¥1 gg%s%f tgp&éi%lprg@}.@e% ?E{ PEQNgnetic
driving the apparatus across said surface; an
deteondnr alebhacpsHiod dne wipig cby de@vsoof memasur enent dat a
provi ded by the magnetic detector neans and
representing sub-surface or surface features of the
objpesbrdand tbyafieans abpseasif emenpralana phosmided,byhere

. the optical detector neans. The met hod na

15 RAPtHEF TonprPeettdt PEEEFRG T KEMET L& 6F 1RAPT Hags Bf %S

for  BALWEE: QN Sabd;su f ace hoﬁa&ﬂm@fisa@é&ﬁrﬁhiﬁﬁ dthis of
di stance between an optical detector neans of the

the ggparcatdBeahd the surface. Thi s provides the
advantage of mnimsing the occurrence of errors in-
nmeasurenents as a result of changes in inage size due
t oAvapidiriconoi A Histhecesbecheeh isersarfrice nardtidio
ar at us. The . r. CO '
B
for netdhadngey sudfiberoic amprb$ecoatddd Ipongt e diedrinimigg
b means f neasurenent dat a. The net hod may
app"’f’%/?‘ltflﬁe? ctg“r?pﬁpg‘ée dtE95gui shi ng bet ween newl y
detected and previously detected features of the
obj ect . Det er mi ni ng chan%es in position of the

apparatdisor &P at i WE 6T at "R s CTohe® HPFEEE FE4T T8  of

thedd18 sOR}SElABY £AMPRH $6v i dd uFtDRLANERENS SiUbaCcssidh @
direction substantially at right angles to the
appawtbacen tdwedsdefarst phigal i ghitectef theemedhpd oAty sing: -

SUI‘CLE:II Cen | rI1naa g’lc{ce %llugcn tg u}?g' to%.r}telcééilyth%tourghg%e angl es
fromthe surface.
surface of an object;

detecting variations in magnetic flux caused by at least one

sub-surface or surface feature of the object by means of magnetic

detector means;



Al so disclosed is a position determ ning appar at us

conprising: W) 20071010265PCT1GB20061002713 9

optical illum nation neans for illumnating a surface

of an object; i mage form ng neans for form ng an

i mage of a feature on the gurface of the object;

5optical detector neans for producing first inmge

data representing said i mage; correction means
defernicdngechdugssandedsitden phdeedaPaardpr dalglelve to at

second i e data in i.ch ' ai ' is
1380008 LIPS TR AL MEI G BOS &) 28 RlaRLE LR,
debetvneencdrhe dpRgeq, tioF rbpgrateanscrand ddid swrfhaee;andnd

conparing neans for conparing said second i mage data
confirodiFidereift i WEY PY Hererth fied thahgds OF e BoST DY the
ma@fctSAl SL1RRPSY AU relatife Lo Al disuiiace. odSlhisce

provi des the advantage that the apparatus can operate
feglvens wheth¢ hdjsar f ace Heatarsest afeapatemient otk mprided by

focus S result of which the apparatus can operate
th%&?Elsaaﬂﬁnggﬁﬁéms?n%urface hei ghts wit hout the

necessity of an auto focus arrangenent. This has a
wi de range of 20 applications, for exanple the,

apparatesehiafe FPRAC D GPAPES FEET S Coihiter Shgusé an

imaGePapl L b operdt g qoveF £ oW faCeS R -dteat®F changes in
irregularity than an existing optical nouse. _
distance between an optical detector means of the apparatus and

the surface.

This provides the advantage of minimising the occurrence of
errors in measurements as a result of changes in image size due

to variation in distance between the surface and the apparatus.

The method may further comprise driving the apparatus across

said surface.

The method may further comprise controlling said driving by

means of measurement data.

The method may further ccmprise distinguishing between

newly detected and previously detected features of the object.

Determining changes in position of the apparatus relative
to at least one surface feature of the object may comprise
illuminating the surface in a direction substantially at right
angles to the surface, and detecting light reflected from the
. surface in a direction substantially at right angles from the

surface.

Also disclosed is a position determining apparatus

comprising:
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The optical detector neans may conprise a plurality
of 25 optical detectors adapted to provide first
i mage data when the di stance between the inage

wo 100f/0dopgg neans and the surface |ies within aCT/GB2066/002713
respective range, and th? image formng neans is
adapted to direct fight fromthe Surface onto said

plurality. of optical detectqrs. . 10_The i mage

Pty e e T PR s ek adpr e fo' T8 pee
of amppeyattis may further conprise selection neans for

sel ecting second image data froma predeterm ngd sai d

ofta%al ffetRg greans Tor FHeamdag AR PRPGEnPhafi bRatUre

on thEans-FBYe her adaptachdq il lumnate the surface in a
direction substantially at right angles to the -

septherl dmieeiher Ingpns dereprodurdans filgsadaprea data
re r%;é&g%n%igﬁ reflected fromthe surface in a
PrET et on su%sjf

antially at right angles fromthe
suwfaeetion meadhefod lagnmeattiiow medds fimpgti nokgdedata
means ..f or, di recthi a l.ight _-beam,from

l[ight directin . n h
to pLpchine Seured BRIE (9 S rt AR andSiriEe: Pig A f ght
imagbepin cefFected 6 ompridn=sitd der haagkisghh deteahoe.

The light directing neans may include a beam
betwegn j therimage FomREng it diFPEt (g SHEAAS Simf Fnc ude

acbifbh £LLQmbAYS nﬂo@tcc!ngﬁa&tin%n%_aa@e@ew:b%d imahkSQata

disclosed is a nethod of determ ning the position of
at dbff appak atimes etatdeie e shenges, 1nheomithea of said
appa‘r‘é’t%é'?%i‘;gﬁféré'#g‘ fatd ng, tfe.surface; fointing an

Image of a tfeature on the surface;

This provides the advantage that the apparatus can
operate even when the surface features of not in optimum
focus, as a result of which the apparatus can operate over
a wide range of surface helghts without the nécessity of an
auto focus arrangement. This has a wide range of
applications, for example the apparatus can be incorporated
into a computer mouse capable of operating over surfaces of

greater irregularity than an existing optical mouse.

The optical detector means may comprise a ?lurality of
optical detectors adapted to provide first image data when
the distance between the image forming means and the
surface lies within a respective range, and the image
forming means is adapted to direct light from the surface

onto said plurality of optical detectoxs.

This provides the advantage of avoiding the necessity

of an auto focus arrangement.



producing first image data representing said i mage;
correcting said first imge data to produce second

i mage data in which the size of said imge is
corrected to conpensate for changes in distance

bet ween the image form ng nmeans and the surface; and
WO 2007/ 010265PCT/ GB20061¢p2713 11 conpari ng
said second image data at different tines to

detel mne CHangas; LR ASH:) 9N:Phasal geéﬁp%ﬁtt%%r.

relative to sald surface. 5The met ho may Turther
conprise directing light fromthe surface onto a

plurality of optic tectors.adapted to provid

P aE gl cuarie o e R4 TR e B PR e
selé@MgngeBBANS mARE dNe Fubhag @ dcesewhitdddn said optical

respective range. 10 The nmet hod may further
dete@fpt-i se sel ecting second i nage data from a

predeterm ned said optical detector. The step of

ilTumnnating the surface may conprise 15 illum nating

t hghsurfldceli hl Bdinege Pl orrasbieams aldkptad ¥e ghduminate
the ADQIEGR 1 O the SULE AGE o BOM. ABLAGL Ji'r?%ﬂt {\ 1d£chedne

fromthe surface rn a direction Substantially at
surfaqght aadgties 1figbm ddiecsorfBees 20Pi@dgrdeto detect light

mRod! f lned ion will i bed, .
e TER Bt LA S AR B

ang B@NFeonWid seterence to the acconpanying drawi ngs in
whi ch: - 25Figure |Ais a top view of a ship hul
i nspection and

The illumination means may include light directing means for
directing a light beam from a light source onto the surface, and
directing a light beam reflected from the surface to a light

detector.

The light directing means may include a bheam splitter.

The light directing means may include a reflector having

at least one aperture.

Also disclosed is a method of determining the position of an
apparatus relative to a surface, the methed comprising:
illuminating the surface; ‘
ferming an image of a feature on the surface;
producing first image data representing said image;
correcting said first image data to preduce second
image data in which the size of said image is corrected to
compensate for changes in distance between the image forming

means and the surface; and
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cl eani ng vehi cl e enbodyi ng the present invention;
Figure 1B is a perspective view of the vehicle of
Figure la; 30 Figure 2A is a schematic front

wO RiDEe2csect i onal view of a nmagnetic det ect orcCappEoaes713
of the vehicle of Figureg | A and 1E; WO
2007/ 010265PCT/ GB2006/ 002713 12 Figure 2B is a

si de view of the nagnetic detector,K a at us,_ of,
SR D SRCYFREBR 1998 % ORGARPF o e VT eul B0
deterdPid AnARIACHGN RpRaiahUSrokaadl kpphrefodiarniiwé to
. _the present invention for use in the vehicle of
sald Fuyguragse -1A and 1B; Figure 3Bis a
perspective partially cut away view of 10 a housi ng
of the optical detector apparatus of Figure 3A
Firgumee zhdd e sifoer bhiegwcofmpan septiiicabt ey etioht from

a ratus ,of a second,enbaqdi t _of ' ng i
the SERAE S SRl a PR RY abDEet Ve M e e
to pistiend inn-dy iheyopdteandet ebkodiappacat bstwéen the

i Figures 3A and 4 at .consecutive_neasuri g-tines;
imager A NGRS £99 SN ediSAgrancs dre8 W&EB g® process

respekt GRS rigghout by the vehicle of Figures 1A and 1B;

The method may further comprise selecting second image

data from a predetermined said optical detector.

The step of illuminating the surface may comprise
illuminating the surface ;n a direction substantially at
right angles to the surface, and detecting light reflected
from the surface in a direction substantially at right

angles from the surface.

Preferred embodiments of the invention will now be
described, by way of example only and not in any limitative
sense, with reference to the accompanying drawings in

which: -

Figure 1A is a top view of a ship hull inspection and

cleaning vehicle embodying the present invention;

Figure 1B i1s a perspective view of the vehicle of

Figure la:

Figure 2A is a schematic front cross sectional view of
a magnetic detector apparatus of the vehicle of Figures 1A
and 1B;
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Figure 7 is a flow di agram show ng a neasur enment

process carried out by the apparatus of Figures 1A

and 1B; 25Figure 8 is a schematic representation of a
wo 26dslohodsespecti on vehicle of a third enbodi metT/ 200412713

present invention, 12 Figure 9 is a position
detecting apparatus of a fourth 30 enbodi nent of the
present invention; and Figure 10 is a side view

of an optical detector apparatus of a fifth
enbadinent ief at Bedenveswi 68. th¥Onagnetic detector
2007/ 010265PCT/ GB20061002713 13 Referring to
apparptygdr 6§ TAI¥KE& #B; a robotic inspection and cleaning
vehicle 2 for inspecting the surface condition of and
cleaning a hull 4 of a ship includes a power
Fignsei S8 o syscbemetier sadpviagvwRtepd 8PBYCHRans
f an 5 electri n t gedrij,ne
deteclon aPBSSLrocE thatkatr anpdapihe! fElFhyertpgent
inven¥ebiclfer2 vseclindehea veblikiel ednFaguanist 120anghikh
operates by neans of suction to clean marine fouling
fromthe hull 4 in a manner which will be famliar to
ReLsQRs 33Kiild ed derdpketart. ph@tially Fhe wehictiéed of
includes a magnetic | andmark recognition_s sten11$ .
a houpding @nttitey iRy 1si@ls 46& <&haTs APEGIPALE PEat LPHE® oFR
the ship, and an optical inmaging dead reckoning
system 14 which creates a two-di nensional map of the
Sligfuaee 4ofislF tHalechmilews ofagmepitigg ladesREEBK] er 16
for.controllin i.c | d i.tion
appat é‘tser%rglf Soepctc%lc&alré%}b%g%&gagf?gc%gr%?lr\{%ﬁggg?ém 14,
and controlling the driving of the vehicle 2 across
t he surf

Figures %ﬁf;ggdtégafTﬂdsf%ate the process of motion
detection by the optical detector apparatus of Figures 3A

and 4 at comnsecutive measuring times;

Figure 6 shows a flow diagram for a mapping process

carried out by the vehicle of Figures 1A and 1B;

Figure 7 is a flow diagram showing a measurement

process carried out by the apparatus of Figures 1A and 1B;

Figure 8 is a schematic representation of a hull
inspection vehicle of a third embodiment of the present

invention;

Figure 9 is a position detecting apparatus of a fourth

embodiment of the present -invention; and

Figure 10 is a side view of an optical detector

apparatus of a fifth embodiment of the invention.
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20The vehicle 2 may be attached to the hull 4 by
nmeans of the magnetic | andmark recognition system 12,
by neans of a separate magnetic attachnent system

WO ﬂo‘d%m%}»o"m)’ by neans of s_ucti on pr_od_uced bycitER2006/002713
cl eani ng apparatus 10 pulling the vehicle 2 to the

surface 4 or by neans of 13 conbi nation 25 of nore
than one of these. The vehicle 2 is al so provided,
Hetfreani routter Flgelces( Adt asHowB)y 8eEPHABECt BPEPFOW OO
eut ral_ hugyancy of:_t.h Leke 2+hA Lhesval etondit€io
and Ser'e 2"revvljﬁrlexk;e2 gg%i gﬁ\éggﬁ%ﬁhga frame 17 forC>n !
of arwidaigial la darddt idt oénk sbiponertfsde8Qa power
Referring to Figures 2A.and 2B, t el k
branSBCOUT (7 b ROk R 00ed ™S Cpour Pa) hodns AOETEE
elect8l@CtHmYNaiotl &Howhn ) prreddueting aheagsoitctef 2 eddransl
directing it through

the WO . )
the OUAR 0Z6SFCT/ Gli2do6/ A7 YSPiF Suft 4BELBRCE NG HiH
clea{i JﬁHﬁ:SﬂjPWﬂﬁmﬁl%k%&%&%@?&@eh@£§s|BQ'HQ@%i@n_to

aped core 20 of a material chosen to provide the
clearnmend mume rémgelno farutde dnldf 4 He RulmBnpRat FR§ST streht
as. grain_orient aGhrol ¥tig,steel) and a copper
be f%@%éﬁ%Fc%ﬁ|P%5“§§%§%§-Jé%%ﬁhd the centre section of
‘'the core 20. The nunber of turns of the coil 22 is

dependent upon th netic fluyx densi.t equi.red.
trite e it Aot R rerEane e arrrhe aarp it e
systRRTEONBoskiddedh 4 dhedflacel ind substhi€ace features

el ectromagnet 18 is held in a spring | oaded wheel ed
of thuwiip nodnd wdPhisatailfegifs drﬁaﬁ’ig FENPB4hEr BYsten

14 wlﬁiuc[stﬁ aﬁ‘f@a’&égea al Jfo-GfRe REIMREN widYe cxurhaceuekakBeor

and the el ectromagnet 18, and sacrificial
the Hrlkhes 24 eelllSrarotdvart naddivanildmisr creterdding Ehe

core 20 protec U 0 € 4 a
magn gl ¢ EORBRREE et e MR AA B 20 R ke iRHG L 288
reck&hed r opmagaet 1 4ndrid e aurdfade)nqanthee nigdvd ngp it nkhe

magneti ¢ saturati on of the
vehiclg 7 across the surface of the hull 4.

The vehicle 2 may be attached to the hull 4 by means
of the magnetic landmark recognition system 12, by means of
a separate magnetic attachment system {(not shown), by means
of suction produced by the cleaning apparatus 10 pulling
the vehicle 2 to the surface 4 or by means of a combination
of more than one of these. The vehicle 2 is also provided
with an outer shell (not shown} designed to allow neutral
buoyancy of the vehicle 2 in the water. The vehicle 2 will
be designed with a frame 17 for mounting all constituent

components.

Referring to Figures 2A and 2B, the magnetic landmark
recognition system 12 includes a powerful electromagnet 18

for producing a magnetic field and directing it through the
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surface. A sensor array 26 containing one or nore
Hal | 20 Effect sensors is held between the ends of
the core 20 a mall distance fromthe surface of the
woﬂ:wuﬁmfﬁsi n order to detect nmagnetic flux |eakagessinzrs
the maxi mum sensitivity. In this way, the | andmark
recognition system 12 caft travel relatively quickly
over the surface of the hull 4, and can 25 det Clig
surfaper ménghe hahlmhr REf BAE UPREP on THe G tHE FYT dde
, f the,h u Sobhge] Qi b1 hansdeal atdlprovide
lHClugﬁFugtHrgké?eghégggi%baﬁg %éﬁ%%%#g%an1betmepn é?ates.
the mhkilsmemwhsaged thatrabienthBntbadiskhgkatgng paich
used 30 in the. senso Lra [ rde rovigde
as grgafi PELSFEH S SGREaLy ot | BaH sindytondefike
coil 200%401P265RCH:632006106R2718 d8ction oRefler réame iy
to Figures 3A and 3B, the og%%cal dead rechni@gEhe
The naypbeamMCL4 tBFN520f] F8F ERBOIFrent DFPTRET VEATY on
magne%%@p%ﬁ% HQB%@%?IEeﬁﬁ&&@ﬁnﬁoogattgﬁterEEéeﬁ@f@ 2@ om
the surtace of the hHull 4 and recognises gatter s of
materdarlk amdw3lli hht farméadapetReBAT §0DS edlieht ©F r e ¢ o
determine the direction and speed of travel of the
vehicle 2 relative to the hull 4. The dead reckoning

system 14 includes multiple intense nonochronatic
| i ght sources 28,

f.or ,ex l.e.| ase 4

S SR EPBRELS Y &% ArLRen s, é“!“t %egéﬁ%%c%‘g% *he 10

wheeltd lndntTheotefdesingd t ghtintadm theihimbmireguired
~focused to naximse the deﬁhh of field by ﬁ | ens, 39 -

distanme EheMes oo aBODRSTHGE IS §3TRACENCEnEl Gd8E 4n
and Ad a1 Qe QiR A8, eGier Sabheishawnprpehgsdiagor

signals representing the intensity of |ight recejved
anothipr esmcthaddtsaciadr thes ends ofadhensREe| ﬁOgPEQFEFtdtPﬁi -
s-hapéé‘osf,%&“rfo 3Bq ;EfLet T ey oy 783128 2%8m

P ioned 1n i1'lum nate over

art.

ousing 34 to i
acciduerd appimg cnalbetarceas the edricrromaghetaped &he

.surf%)fgefsﬂa\é? ;F%géé{%gorgt{}lﬁ%&{% i-gl QG0 B3 fig%ihﬁc%e@héo

S sour ces such that the
surfd@ns 30 dalsesdhe ldghioronittiegs vnkace obrehdall

Effe %&g;&%%‘%ﬁ@@ Sl (S ANGR SFPLIRE AL 2he s

small distance from the surface of the hull 4 in oxder to
detect magnetic flux leakage with the maximum sensitivity.
In this way, the landmark recognition system 12 can travel
relatively quickly over the surface of the hull 4, and can
detect permanent landmark features on or below the surface

of the hull, such as the joints in the skeletal structure

 of the ship and welded seam between plates.

It is envisaged that more than one sensoxr will be used
in the sensor array 26, in order to provide verification of

detection results.
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al ways constant. The entire dead reckoning system 14
i s housed within housing 34 having an appropriate
seal ing 25 means such as a rubber seal 36 around its
WO em@ozed order to protect the optical systemGI/EBID¢HE2713
environment, and to ensrge that only a thin film of
water is present or that”the systemis kept dry. The

opti cal dead reckoning system.14_is unt ed
- R igre v dwe FZQHI&Sdé??p!aﬁl& anEHgoo?ﬁét?gghg\%%Si,
reckoﬁiﬂﬁfsﬁﬁ‘s’t&@ M i Serwidy ahdboaipkadueedtae theention
vehi cle

2 travel s across the surface of de hu%b 4.
compa B 20001026 FRCTHO3F00FL d0Zhts res Lectedaf Tgp: F8S

surfa(?%ggf reckaning systemdaffi 2 -Seeerdrarbedi aark ahd

invention is shown 1m Figurée 4 for maxim sing
light deptds dietfueind SPomrenthd namsishlte dedarBinfeils of a

) beam splitter 29. The be ' # VA the
dlrec?%??é@@i&ﬁ@?ﬁnoﬁr?ﬁﬁ%%%%g%§$%%§%§¥%§3§t&gggggkg %%a
the h@nd B81b, Twdi gdn@re=dlomisey ontient e iimagdivdg scmugdigle
] by respective | enses 30a and 3 of differeq% H%%%IS
intens@rgeRRCHr At B+l rfWYFHT diftro 16c F&NsCem™ The -
or ligﬁgg%lﬂgtgm@sdﬁgd@:g ocessi thenidmgeshef s s foefCehe

e result is 10 weighted depending .on the N
hull §ualThy ofebéecoanbbohuhere iR i welgHE ripeised to

.ot Rdicate reat 4 S the ddmges dMdmax ceb
malebg?tggﬁl%?SE%i§§3§{%%§n$€2§§l§%ségfétlqte nmoti on. The
imagel 8BEHNF2 chh pcB2ipebddes samne ¥ ey e e igfa lpidediac ey s

i ndi cati ng the intensi of i ikl 4.qht
(ot SBRENT| DETRRICPP AP TPAY SR THE R b na o ot
light! eBEe$9BleHyi BaBRr @ctletBok.in Figures 5A and 5B. In

Figure 5B, the image represents a shift of -1 step in
the X-direction and 3 steps in the Y-direction from

k@es%hﬂn%”?%a%r':&igﬁaﬁl S5fn 20qBye CORPai Nigiple
I mages detecfed by the array in consecutive
lightmeesucenmedBsareheoxihnanydcdor @i MaEe o3 hovement of

illum&ggfgegbgkeogeggggﬁﬁnﬁhngYh|aﬂe&@nt@amaximise the

area of observation, and the imaging chip 32 is located
centrally between fhe light sources 28 such that the lens
30 focuses the light on the surface of the imaging chip 32.
Since the distance between the lens 30 and the chip 32 is
always constant. The entire dead reckoning system 14 is
housed within housing 34 having an appropriate sealing
means such as a rubber seal 36 around its base in order to
protect the optical system from the environment, and to
ensure that only a thin film of water is present or that
the system is kept dry. The optical dead reckoning system
14 is mounted in the frame of vehicle 2 via damping means
{not shown), in order to minimise vibratibn produced as the

vehicle 2 travels across the surface of the hull 4.
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determ ned by means of a suitable controller (not
shown), which nay be nounted on the vehicle 2, or nmay
be provided 25 renotely, for exanple running on a

WO RONPwiesr . The operati on of the vehicle 2 WHJ/cEmod®2713

descri bed. order to map the surface of
the hull 4 to construct @o a map of magnetically
det ect abl e surface and subsurfacg4structural

Peatpbeeel t4Rd ARSI Gre ke ast woond

embod ShiBashonal e f1arE b Rccirsi@meas uigaenst 40foirhe
l'ateral and | ongitudinal distance travelled by the

maximyehig| @Rt rofn Ble MD IV 0765 PEPLR] 22066R00¥ 71821 T

of a ﬁsge%ﬁﬁﬁe NON  Ofyl Ji . By s%lqrttt'eﬁ”nggoldﬁ’%m_d@é the

déad reckoning system 14. Each feature within
reflet:hedrmpg]h‘s tootedthien mucfﬁcawa%/ itngopitmionPsemphe lgagad

31, TREGRTALE of FOTCT QERT rgt R Teat I we e t he

respe%@ﬁéngeﬁémoa%ﬂlyomabmgjla?ﬂelrreadi fackl lengths A

identification code Chu, sed upan
and Blvaﬁ@ﬁﬁiklﬂgs‘f%r%‘é‘i‘f&ef%‘?‘@%aﬁys(tl%’ ) Sprlé‘&@ﬁﬁgn&%(lﬁg

32 prY¥BELALLRR 1R HBeNeE i end | s dansidny deleclahblie hy the
magneti c | andimark detection system 12, and the

weightiedt dﬁpendbng ravethednta bty K diicgilMagdRe Wherepags
high $ﬁ1§kagg @aQ Lig ré%%g&rfﬁ%ﬂ%ﬂdggd%Y%E%ﬁh%ﬁges

ene It of mnimsing the data

from &r pa&técubdrmﬁhip Paxivnesi weed Heo rrapdsivdg tyr odson -
15The | andmarks are categorised to identify the nost

The imaging chip 32 produces an image made of pixels
indicating-the intensity of iight striking the light
sensitive material array on the.chip, and represented in
more detail in Figures 5A and 5B. In Figure 5B, the image
represents a shift of -1 step in the X-direction and 3
steps in the Y-direction from the arrangement of Figure 5A.
By comparing the images detected by the array in
consecutive measurements, the ¥ and Y coordinates of
movement of the vehicle 2 across the hull 4 can be
determined by means of a suitable controller (not shown},
which may be mounted on the vehicle 2, or may be provided

remotely, for example running on a computer.
The operation of the vehicle 2 will now be described.

In order to map the surface of the hull 4 to construct
a map of magnetically detectable surface and subsurface
structural features, the landmarks are fixed in a two-
dimensional frame by accurate measurement of the lateral

and longitudinal distance travelled by the vehicle 2 from a
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i kely structural features detected based upon the
si gnal disturbance observed by the | andmark detection
system and are organi sed according to their position
wo eliabiese to the origin and to adjacent | andeay&B00@802713

using two or nore 20 magretic | andmark detection
systens 12 on each vehicle 2, the mappi ng data can be
checked and conpared to ensure accurac i.S

repea ok b T B Bt GPed TGk e ite. By HievBREezd

2t pofing Wpacients I Unsa &l ddietehivdlceia atkosspt his
dead surface % 5 Referring to Figure

. 6, the
coded| andsack a2 ecte onl ke e diFah O&pttir@z?lsl%&é:a&nd
reckoni pg. s 4 dhdd @dd seft atocsitamgS2nelhe
Stora?%rt}ggl s?a%%%‘%& g%gilg%d sst:i ens setting atht he
featustani thin pohatnapeinhefrarsorigtapldty Sedgoss BiEe he

3Q | andmark, det ectiop. system i DEN R tefed for
part §8§ﬁgFg%ﬁ3ﬁb%% %?é%t ﬁ“S6%”Tt%%g ?ﬁ%n deter ni ned at
landm8kepPdS8tubethes aidmntnil k) f eapueechvdnpetne det ect ed

If a |andmark feature i s detected, .t si tj,on data
VariaiiéOﬂakénmam%‘éﬁb‘iﬁz%%ﬁﬁ?%é%%%?ggﬁ%)yléh-fépom t he
magne®RLi §2haflead Aeckenisy system 1, ralatine distdme

starting position (i.e. X'" and Y) at step Sl% and a
travellardmirkni tbat PELEAR] Ghasularlo@®s MeAsYLedh bYt theep

: 2324040 ondeternine; fhe w05t hikelne tyweoft of

OptlcﬁéngﬁﬁgkE%E%gﬁggghggggéen detected. The ;%ree-part
minindatiagcatie Hatthenastbeededt wBikp MALInEHNItERe t hen

.determ ned at step S16 whether the mapping run has
napPlfde K065 et ed. Wien the | andmark map has been

created, it is then 10 stored and used for navigating

the vehicle 2 on subsequent runs over.the surf of
e Hopomazkanahe: Ratedrraradstps HFaELAY, fHk LB55:

likel@é%&&%&&u&%&iEEQ@ur@Qedéﬁébtbﬁgbdaéﬁ hpotSsele t ®ignal

nfigure the systemto the settings of the nappin
di stunbeeess dbeeansdr &Yr EpeatabPrRLy Gﬁgéa%@a u%ﬁft%nsgﬂd

are organised according to their position relative to the
origin and to adjacent landmarks. By using two or more
magnetic landmark detection systems 12 on each wvehicle 2,
the mapping data can be checked and compared to ensure
accuracy. This map data can then be étored for later use
for ﬁavigation data on subseguent runs of the vehicle 2

across the surface 4.

Referring to Figure 6, the landmark detection system
12 and the optical dead reckoning system 14 are initialised
at step S2. The initial starting data and systems setting
at the starting point are then recorded at step S4, and the
landmark detection system 12 is then monitored for signal
changes at step S6. It is then determined at step S8
whether a landmark feature has been detected. If a

landmark feature is detected, the position data is taken
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15 Referring to Figure 7, the original starting
data is used to initialise the | andmark recognition
system 12 and dead reckoning system 14 and to

wo 20@ho@gere the systens to their initial settpongs2008/002713
ensure continuity with ige 20 mappi ng process on
subsequent runs at step”S20. Cbnnunication is then

established with a d t rol th hj
From SRR SR P THATARg SHEGEIA N K rhd £ ol e ©

start SEPp AL S1&PS(:5%4. and 528, v.yhi &b gw}essm,e st ea:tu on
and dlstance to the first | andmark feature.

1landmanot | oterfi firea vietn b Zqudimsniitorsd at Step §§% in
order :‘22? Ighout; openal i fﬁ@ét qyllﬁq@n%y%fe the1apbhaak deadh

ning system detect devi ations
has bémmrértmcmfsr remmmm patth, cade Gpdahenheharsd

at st t] 0(51 L Ser> etaenrQnJ_%%%l a%o f)nSiaLG hether
‘f)%r:‘{’ Ul HPC | Andhar K ed

ire T's reache as indicat ed
the mBYpihe Fa@ndnBs kbé@@o@mmmdsystem 12, the signal
(1,",,) and the two-dinensional coordinates (XE, YE)
are WO 2007/ 010265PCT/ GB2006/ 002713 19 conpared to

s 1£aghHgs Alp Siep 3 ddedthel,siigndls then
I cates at step S36 that 'the vehicle 2 is at the

storedO&M@CMS¢@nﬁﬂHrRaﬁh@aﬁkﬁﬂtﬁnﬂ1vﬁhﬂﬁ%Qﬂ%&Q@a@P&@@ﬁBﬁaF
runs SYSLEH Egﬁang Diglf 4 at BiepP P4 Vi iRheceeds

ei:he nex feature al'ong the inspection
placeerlﬂatnéeﬁaacelpgtpesatnquhtﬁﬁtaﬁaﬂﬁenmaﬁb@@-d@tased

Thi s proces
to conflguge thessgggtﬁnggstﬁgtéettlngs of the mapping

process to ensure repeatability of subsegquent runs.

Referring to Figure 7, the original starting data is
used to initialise the landmark recognition system 12 and
dead reckoning system 14 and to configure the systems to
their initial settings to ensure continuity with the
mapping process on subsequent runs at step 520.
Communication is then established with a drive control unit
of the vehicle 2 at step S22, and initial heading
information is sent at steps $24 and S26, which gives the
direction and distance to the first landmark feature. The
motion of the vehicle 2 is monitored at step S28 throughout
operations by means of the optical dead reckoning system
14, which will detect deviations from the desired
maintenance path, and update heading information at steps

530 and 832.

When a particular landmark feature 1s reached, as
indicated by the landmark recognition system 12, the signal

(I1.) and the two-dimensional coordinates (X, Yx) are
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the nai ntenance programme has been conpleted at step
S38. |f the navigational systemindicates that the
vehicle 10 2 has not arrived at the correct |andmark

wo Rb7P@%dst i on at step S36, through the nulti pp@r/cB2006/002713
el ectromagnetic sensor ?hrangerrent of the | andmark
recogni tion system 12, then the control unit nust

decide at step S40 whether this is a new feature that

compated be modetbro reediha®s r SHRE el ¢ hils 15'9 e“éﬂ“taqi s

. ,, due to_a fl S : i-Nce; t ' £
mdlcﬁg?ﬁtaé%asn%eeg\rl\%%,g%m}ﬁ%?h%?&t eﬂlsgsil%}%i%s %\ﬁe@{ﬁ\@f& ©
landmSPpurindspsehdion, bhemhgtdheravioniviahial esHaESHevi at ed

fromthe desired, path., If I '
conmapg@ntPf | ‘éﬁh%‘ﬁiﬁ 2t ﬁf’sSWﬁ’ I g?blge‘% EE Ee : a&ndilfréar%(het Ren S ¢
landmt%kl FARRL PRI kabRy BAYI gaspenal on astdenk Andesimreatd:,

he mapping data, and if is jdentified as flaw or .
accordisa b9 tberBaPBAILE A cHEY RIRTSTUr ARy PIes untid

the m%ﬁéﬁ@%%gééi8905§a@ﬁ5ehﬁgeb§@@tééﬁpl@&édh@ﬁ sheeh dETh .

If the navigational system indicates that the vehicle
2 has not arrived at the correct landmark or position at
step 836, through the multiple electromagnetic sensor
arrangement of the landmark recognition system 12, then the
control unit must decide at step S40 whether this is a new
feature that can be added to the map, or whether this
result is due to a flaw that has occurred since the
previous maintenance run, whether the result is due to a
gpurious reading, or whether the vehicle has deviated from
the desired path. If a new landmark is identified then
this will be added and stored to the mapping data, and if
the landmark is identified as flaw or area of corrosion
then it will be indicated that further investigation is
appropriate. ‘Once the control unit has decided, then the
navigétional system decides at step 542 whether to continue
along the same heading, to correct the path, or to tréck

pack to the previously corrected landmarks.

On subsequent runs, when a feature is detected this
will be compared to expected mapped points. If this “new”
feature does not correspond to any of the existing
previously mapped points then it will be recognised as a
new mapping feature, being added to the mapping data. The
signal from the magnetic detection means will be compared

to known feature signals, and a decision will be made on
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system deci des at step S42 whether to continue
al ong the sane heading, to correct the path, or to
track 25 back to the previously corrected | andnmarks.

wo f076isdeequent runs, when a feature is det eceerchiuosoo2713

mﬁll be conpared to expggted mapped points. If this
"new' feature does not rrespond to any of the

exi sting 30 preV|oust nmappe ints t.h t
the Likebymseirasa Hea Rl Paiding aadedopbee

point gg ﬂ@@pﬁggtﬁéiﬁépTlﬁbéééHﬁﬂgfdéﬁﬂdéﬁidﬂuyuaddmracy)
detection neans will be conpared to known feature

strucsigaalispagad (Bodethsi aft s#tiohoidde Gperpgor for
furth%%gzlég%%) fgggéﬁ%@o@ﬂaq?ﬁé& 20 dihe: | idkelpe Natenedof.

ef berng a neMInapped poi nt (‘added
to the map increasing navigational accuracy),

structure danage t he atten | 0 tor
FéguFﬁr?héPOWﬁvéngggt?%ﬁB Fl?réﬁg?é£¥gp§§ﬁﬁfg to be
thlrd' gﬁﬁf)@gﬁaené Fegune 8nséevscmd. hufite Mretpe:c:]te drﬂi&/émsclae
of a third enbodi nent of the | nti.on

hOUSlvéhﬂ@HeWQQth§§n§ahB§s?h@a%EﬁF%Wn ?P %u?ﬁf%?nltlon

syste[{a%%t ESPF@BQQBF Kol Scesﬂt%pneﬁyﬁcwraﬂ@@@m@m to
Contro and an optical 10 position sensor
p051tunnlsdnagralp&ﬂnd@ﬁglaghﬁlgo@fc%%ghﬁoﬁ?%ﬁces 110 for

1llum§§§#n]na%& E% Qul L 4. 5 aF ﬁcé ff@niéﬂg éfﬁﬁéms 112

o recerving ected fromthe
for r@@bhv&ngAalwmklrbiléaﬁhdlﬂromotherhwhé ki 1Addiinl thee

sani 1 a6 ooPecanErant o8 B Bh5eHbi oetar CIIden e
lens =94kdl §39 %Eoﬁﬁ%e@'éhamﬁggéfofhéohéﬁ&nﬁysizmnon a
detector 114, regardless of the distahce of the lens system
112 from the hull 4. In this way, the telecentric lens
system 114 automatically compensates for varlatlon in the
size of an image of a feature on the surface of the hull 4
as the distance between the lens system 112 and the hull 4
changes as a result of irregularities in the surface of the
hull 4. The light sources 110 and detector 112 are also
connected to the controller 108. The powér source to the

light sources 110 may also be connected to the controller

108.

Figure 9 shows an optical position sensor of a fourth
embodiment of the invention, and which can be used in a
wide range of applications, for example in an optical
computer mouse, or in a hull inspection and cleaning
apparatus as shown in Figures 1A and IB. The position
detecting device 202 has a light source 204 for
illuminating a surface 206, and light reflected from the

surface 206 is directed to a beam splitter 208. The beam
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112 fromthe hull 4. In this way, the telecentric

| ens system 114 autonatical |y conpensates for

variation in the size of an imge of a feature on the
wo sdfh@eg of the hull 4 as the distance bet wasrr/EBRos/002713

| ens system 112 and thﬁ%Pull 4 20 changes as a result

of irregularities int surface of the hull 4. The

. Iighp sources 110 and detector 112 are alsg,con ted
splititar tdieraoie rolIaFLop08d PRETpSEr 166GIEE PBLLRE F1ghto

[ S0uUrGes be.conpecied bHeahheigonkhkeghihgr
@ flfi%éigﬁﬁﬁ%%gdggxgégﬁgﬁs%5% opti cal pogitién sengorgof
opticd TDUrtd a esbasidreittestorh@litny Ehei OREeahETRANPER c4h®

[ wi de ragggrpgl%pplications, for exanple
r

. be use
belngiq:]orghe%ﬁ Ctch % %ou%ee 0

_ nmouse, or in a hull inspection
and cl eaning 30 apparatus as shown in Figures | A and

18. The position detecti [devi, 202 i
A AR P e G e e A Ay S T
206 mé%%ﬂl ectedi £ r oot hersurdiace 208 i tdioveciegptaga rhegms

Itter 208. The beam WO :
of di20aTte10265RCTHEBR0uE/ o= 21 I st ader é0fs &7

' reflec L@ | SR NG QY IRl A Q3 fbfish th
Orderdg?g"&%ggﬁg?n}é%%@% c%?gén%?nf tt eéfégpeam via i rragilng ©
appar8ptiCc3021dat oope s@condl Hetwctidre 26@d thes dét SGOY s

focus%%é’ag%gnggﬁggt?o egt5¥£éé%§Eﬂ”é¥§¥ﬁﬂyﬁé%¥8tﬁ% size
of the image generated at detectors 212, 216 in order to
compensate for variations in the distance between beam
splitter 208 and surface 206, which minimises the exror
occurring as a result of variation and image size caused by
variation and distance between the beam splitter 208 and
the surface 206. The processor 218 then automatically
chooses the signal from detector 212 or 216 which is in its
focal range of operation, and compares corrected image
signals at known times, in order to determine the direction
and speed of movement of the apparatus 202 across the

surface 206.

Figure 10 shows an optical detector apparatus 302 of a
further embodiment of the invention. The detector apparatus
302 has a plurality of light sources 304 such as 1asers,
which generate an illumination beam 306 which is directed
by a mirror 308 and imaging optics 310 onto the surface 4
in a direction generally at right angles to the surface 4.
Alternatively, the mirror 308 can be replaced by a beam
splitter (not shown). Light 312 reflected generally at
right angles from the surface 4 is directed through a hole

314 in the mirror 308 through an aperture 316 and imaging
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The detectors 212, 216 provide i mages of the surface
206 which are in focus for different but overl apping
ranges of distance of the beamsplitter 208 from
wo d@se 206, in order to widen the range ofpEuGEASS002713
depth across which the 10 apparatus 202 can operate
wi t hout the need for arfZauto focusi ng arrangenent.
The processor 218 adjusts the size of the inmage
opticsg@er atar at ldefféctetscpe?, 3296tpnpapyefctp stanal
conpensate for variations. in.the dipgtange bgtweenics
Iepres@é%ﬁ%lﬁqattélrrefoé’na?%éesﬁ%ggggﬁé, whi ch A nlgm' ses
310, 31 BId UpdBE0ecWId Mgras aatrésokntoficvarnat pPoAtehd
I mage size caused hy vg;' ation %%d %iﬁ;ggge.ﬁew@en
which,t e el 37 | 2RRIFC DTS A GVt RETET Face * the
M1 e thenyaid-amati eahlsyachoedes,t he signal
art, f({rlgérgﬁeg%?e%tor 212_rbor 216 which is.in its.focal range
indepafdaperat oo hardi donrs & &0 S&lEFSddE 2678i gnal s
at_ known f i LD ordgl; 4 Qrielaigrdenihmatiicatliiyon
SYSte%rf%o%eedeoﬁj?r%%%%ezﬁ't of the appar at us 202 across the
compesét f &€ ef @D6va Fi giutend Oirs Hdwes herd Bt idalthderecisre 1-
apparatus 302 of a 25 further enbodi nent of the
i nvention. The detector apparatus 302 has a plurality
19{( &%?@&tﬁﬁgwﬁéﬁm sareh mfﬂhe&stmcs,beﬂma:mlg@ﬁier ate
an illum nation beam 306 ich.is direcgte ‘
On 4,
generalty opaBadlahderRigt hgt BPts BT gancf g&f%gs@éfraf%gce 4
(s bPoBi hEechibongesnRes @ | of ahinightingies daoudrence of
this %g(r) Jé(g% 4. 30 AItern%%ivel , the mrror 308 can be
errorsepkasedebyls béaphapd¥ t¢eFeY Ot shown). Light 312
refl ected generally at right angles fromthe surface
4 is directed through a hole 314 in the mrror 308
thrqugh BB apertuietddebrmnpeiseys ngkiliepd in the art
2007/ 010265PCT/ . GB2006/ 0027 2 | 5S4 Qfa
that EhghebaEte P%E‘@ngo{‘%? O]\O/%g’e %eg{%na? B o
example only, and not in any 1imitative sense, and that

various alternations and modifications are possible without
departure from the scope of the invention as defined by the

appended claims.



representing features on the surface 4. The imagi ng
optics 310, 318 and aperture 316 forma telecentric
| ens system which, as will be appreciated by persons
skilled in the 5 art, fords an image of generally
constant size, |ndependently of the distance of the
CLAIMSEl ecentric lens systemformthe surface 4. This
therefore automatically conpensates for variations in
the hei ght of the surface 4. 10By directing incident

fI b al I
1. 27 PGt CARG) BE CEOLTRE GUPPREE o 1 FATRSOT IS (he

ag¥antage @b:BLtRbH SleR@st Ko rocsursienc maafnedricortas @
. result of shadow effects. 151t _wl| be apprecg%it ed by
be dpspsbhRd SRFPHER RSt FETAACH IRf AThEPIBSIe B

dete@"‘&?ﬁnE%Qgggﬁ%hge%bﬁaﬁﬂha@é&%ﬁ@'c%u%@d/ byanRe rleta stn

Ve sense t various altérnations
one anhl sudtfﬁceabmossrﬁae:epdsslﬂW@ witt Fydnet O&?e‘lp%?ttrure from

the scope the inventi def ned A
aBBEﬁH@g QF BRLOT BEaES &n %r%&ﬂ %%l eternlnlng
appa%@ﬁésakﬁiaEQ%r kSl B8 least oﬂ@gﬂﬁtﬁa@edeiwmme neEAne
for causing magnetic flux to be directed through the

objestirf ace of an object and for detecting variations in

gﬁgn%' ﬁ\fééhgxf‘&@“???ﬁg%gattﬂeeaaﬁipa%%ﬁu%c%d{sfsa% or

, ace uré o opti cal detector
surfEeanstfen bbaekikmgamotion of the apparatus relative
tgog%rg?ageaggerggrE%%%r&f%ﬁ%ftSLaEP éguﬁggﬁs in
response to data provided by the -magnetic deteczor means
*representlng sub*surface or surface features of the
object, and in. response to data provided by the optlcal

‘datector means.

~'2.' An apparaeus'aceording to claim 1, wherein said
'ﬂnagnetlc detector means comprlses magneelc flux dlrectlng
- means ;or dlrectvng magnetlc flux ehrough a surface of
the Objéut and magnetic flux detector means for
detectlng varlatlons in magnetic flux adjacent to said
surface as a result of at least one said subsurface or.

.‘surface feature of the object.

3, An apparatus according to claim 2, wherein said
magnetic flux directing means comprises at least one

electromagnet.

4. An apparatus according to claim 2 or 3, wherein the

magnetic flux detector means comprises at least one Hall

" Effect sensor.



drive nmeans for driving the apparatus across the
surface of an object; and control neans-for
controlling the drive nea in response to dat a

provi ded by the magnetic g%tector means ' representing
sub surface or surface features of the object, and in

risa%gso/&ﬁﬁj@:cmm%/lmchrby tgm@ obt Feal PAEFEEiBP

gﬁ : apparat us. accordin a r

1 aima Gt 19 DR S bON TRt RaIRE e ux

: di rﬁct gne n?afgrfﬂlﬁhﬁ?&ﬂﬂ@ pRgnetifateurtt hheugh

7 1 He object, and magnetic flux det ctg&

obgeé@aﬁscﬁ ariglet ecinagl et ad¢orst PR HEBHEL %81? Sugac ns
adj acent to said surface. ggFg result of at 1east one

1ights e R MRl RSN oF 250r P2 Feature of the object. 3.
An apparatus- according to claim 2, mhereln sald
magnetic flux directing neans cg ses

. A@Ig@@agﬂﬂgmeaccondﬂmﬁ gﬁpﬁ%é?ﬁ ac@é Fg ?ﬁ

| erein t net,i e EANS

detegifhriewss fsl%gs?ggge b ?e&%%?fgg% ggﬁfbr o

_llghfmr§§p§é@é@sfa§ﬁoEdpmgrablaﬁyOénéoéﬁtﬂﬁéﬁbﬁgbéﬁFﬁg

) | ai ms, wherein said optical detector neans conprises

,surfateun1nat|on means for illum nating the surface of
the object with light, and |ight detector neans for

7 detecting light- reflected froamsaid s ce.
7. A%D?pp@tuﬁuacaccdmdgngot@l§M®¥9 ko W1éhﬁ%?*|dﬁ#ﬂi
et ect.or neans _i t tde dsptemsi ty of
' llghFléﬁFeFEPFeFFQHSfFﬁﬁiﬁf%%urgﬁlty of Iocaf?gns onysald
deteéHEE 7. An appar at us accordlng to claim5 or 6,
| mhereln said light detecté& means conprlses an array

of optlcal detectors.
8. An,appa;atus according to claim 7, wnereln said -

'optical.detector means is adapted to determine changes in
position in said array of at least one image pattern

~ received by a pluralityrof said optical detector.

' 9{ An apparatus accordlng to claim 7 or 8, wherein .at
‘least one said opulcal detac;o; is a CMOS detector or

charge coupled device {(CCD) detector.

10. An abparatus according to any one of claims 5 to 9,
wherein the optical detector mean further comprises beam
splitter means and focussing means for focussing light

énto a plurality of sensors with different focal lengths.

11, An apparatus according to any one of claims 5 to 10,
wherein the illumination means is adapted to illuminate
the surface in a direction substantially at right angles

to the surface,.énd the light detector means is adapted



8. An apparatus according to claim?7, wherein said

optical detector neans is adapted to determ ne

changes in position in sajd array of at |east one

i mage pattern received b?ﬂf’a plurality of said optical

detector. 9. An apparatus according to claimy7 or 8,
to gwherei nightl east caneds fimpmopticAudactvt § CHE TR

detector or charge coupl ed devj C&B) ector _
Subsi'antmléﬁpéﬂtatr&g%ic@@%%g rom};lﬁ@j%ne o#g% aims 5 to
9, wherein the optical detector nean further

_ conprises beam splitter means and focussin {Eans
12, har appetssiusg sortarding il $3AT® L Sedsdr e H t hiS

oo different focal -, 11.- An apparatys, accordi Rk 8y
illughBadfog i Ss 4% %gmétﬁr%%ﬁn?nat?on means

qireksiadapt ad e iddanniMmade 4 hiel ghit facerée antprekei on
- substantially at right. angles. 25 to. d t=Lipgh
surfretl eened SRR LIRS Sur HEe ie%e%md‘??gqc?%%& shbfNtne

substantj al.l tadightoAangles fromthe surface. 12.
Surfﬁﬁeaﬁ%ar%a?l} £cor ding to claim 11, wherein the

. illum nation nmeans includes |'ight directing neans for
directing a light beamfro L oht souEceiantget heght
13. & PRPRT AP d%?%%‘f%ﬁbg a{? %ﬁ?&%eggﬁ reffected from -
| ol UEfAGE toh @ hdghta detemt spliti8r. An apparat us
dlreaccé%gi ng to claim 12, wherein-the light directing

means includes a beamsplitter. 14. An apparatus

ccording t.o claj r+d3c10hgr ebnothe 3l i ghttrein the
14, %@ﬁﬁﬁ%%sanéé%ﬁ%ﬁ}%égsta Fefl ector having at |east -
1igHNe BREfiE. means includes a reflector having at

least one aperture.-

15. An apparatus according to any one of the pzece@ing
Cléims; wherein the optical detector means includes a

telecentric lens assembly.

16. én apparatﬁsﬂacqérding to any one of claims 1 to 14,
wherein the optical detectordmeans is adapted to provide
corrected image‘data representing an image of 3 feature .
on said surfacs, wherein the size of said image 1s
corrected to compensate for changes in distance between

+the surface and the optical detector means.

17. An apparatus according to any onre of the preceding
claims, further comprising correction means for
correcting position data determined Dy said optical
detector means using position data determined by the

magnetic detector means.



15. An apparatus according to any one of the
precedi ng clainms, wherein the optical detector neans
includes a telecentric le S assenbly. 16. An
apparatus according to ang one of clainms 1-to 14,
wherein the optical detector nmeans is adapted to
prOV|de corrected i mage data representing an i mage of
feature on said s e t zeieh sakds
16. [ Hnge FRSEor PocteR Ta - bonselBgr £ g, ThpBRee eh, e
for 4 Sigdce: betyeeshi Bet suahace andlthenogeteaml@éﬁéctor

means. 17. An apparatus accordi to Lany.one
 apparaiceti agcel &l RS, gPuFPMePnEoﬁﬁr#ggn }r(lé‘gtgl rjf%engns

for correcting position data determ ned by sai d . )
optical detector nmeans using position data deternined
T 19. by &heamhgnesppadetest cpm[maﬁsng gkeapgngpgeans for

-~ _inspection apparatus_co i ng_ixnspeGLi ans for
Cle@%%%%c¥|ﬁ©r%%g%b?écﬁn %pogpglgnggetggﬁﬁﬁlng

det@qﬁgﬁgﬁgsaggggaéhsgab@o&ﬂin@neoobnyhenprecedﬂﬁ@
al s . A cl eani ng apparatus conprising cleaning
preoedisgfotagkeani ng a surface OF anobject, and a

position determ ning apparatus according to any one

of the preceding clains. 20. A nmethod for determ nin
50, tﬂemgggbal@ﬁroﬁeaarmnmam@tm@ﬁo@@ﬁh§l§@rﬁébéubﬁﬂﬁﬁrat S

obj ect, the nmethod cqnprisin tC flux
on thebsudipeet ed ehr GE’Qﬁ:Ct etg%rfn %gllf%f : gjrgg“cﬂtgq
" deggﬁg g yarhatiensii rRgBeRt Idﬁ.xfédt)edcaﬁﬂﬂﬂlgiy dte

| east "on -surface or surface .feature of the
surﬁbpecbfbynnehnsCGf magneti c detector neans;

det er m ni.ng chan Ay Si fo t Ay at

, refiﬁFFGEng X?ng Ongng%sa&r ac%éﬂf ezﬂlﬁ}gmﬁ!ﬁe ¥ .

1e29bi 86L BybrBARSack ept istalfetet dtadunmats;thiz i IRFt DY

the apparatus across said surface; and
-mﬂaoenpﬁomﬁgﬁgtééléa&ﬁ Gy WP Heans of measurenent data
: pr %VI g%%ﬁg l'gh%g 116, dRieatiom Rrsiadbparatus

S

resenti ng-su Irface or surface features of the
relalajwet toand Byasganseofsuiias dfEtuifated i %i%beﬂb‘g/ by
t he optlcal gete tor ne%p%uﬁgl A net hod accordlng to
- MeapFaPhm 28-1Fd ri'sing ‘correcting-the size of
an dqu@g%gofth@ Gﬁ,um Satab s wdiat esitof ToapeaRdt e
for changes.in distance between an optical detecégé

meaes toblihagasgarchtdict BitP the RERTHE, measuren

data Drov1ded by the magnetic detector means and

'*epresenpwng sub-surface or surface features of the
object, and by means of measurement data provided by the

optical detector means.

21. A method according to claim 20, further comprising
correcting- the size of an image of a feature on said
surface to compensate for changes in distance between an

optical detector means of the apparatus and the surface.



27 22 A nmethod according to claim?20 or 21, further

- conprising distinguishing between newy det ect ed and
previously detected featyyres of the object. 23. ‘A
nmet hod according to any one of clains 20 to 22,

- wher ei n determ ni ng changes_j.n [ f the '
oo, A aRnaial bsocelditiy e a clain eddto gnéi uf‘ﬁﬁg}%efeature of

t he obj ect conpr.i ses .i al Lpgy ther syetacentin a
comprlcﬁlrr@ct %?ﬁri%lkf%é‘%{%u?. gh tg%ngl es to the

revid %t%cﬂ%@&ﬂmmmﬁhtheebbm@@‘éd fromthe
P sur ace In a direction substantially at right angles
fromthe surface

23. R method according to any one)of claims 20 to 22,
whezrein determining changes in position of the apparatus
relatlve to at least one surface feature OI +he object
comprises lllumlnatlng the surface in a dlrection
‘substantlally at right angles to the surface, and _
.detectlng light rezlected from tha suxface in a dlrectlon

'substantlale at right angles from the surrace



