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APPARATUS FOR DETERM NI NG THE POSI TI ON OF A MOVEABLE

APPARATUS ON A SURFACE The present invention rel ates
WO eoodoi@ppar at us for determ ning the position BET/&@B2006/002713

noveabl e apparatus on a surface, and rel ates

particul arly, but not excl&sively, to an apparatus for

determ ning the position of a noveabl e cl eani ng and/ or
IARRARATUS EQR DEFERMENING (THE) (BOST IQN tQF Ay MOVEABLE
shi p. The nost f 'ﬂ§§E§ting and
cl eaning a ship'-s uu&?'f?{@g z-glsyﬁ gock-t he vessel, grit
bl asti ng or scrubbing the surface to renove fouling.
This is an expensive, |abouyr intensive and
{1 AR CBRSHRThG LBFGEE4eN BELAG Ref PoPeaPBraRy S ok s
deté%iﬁiﬁﬁsﬁﬁb F&Bsti@i%%_ YIS ﬂo%@éb&éea?@@_r%\tﬁ%y o2 2
years thereafter for its remaining lifetime to.
surfafat afndi rslessgroPemiticyd arAvy ePhbt ey, egicdesd vady, to
i r S b .q_Cl
S T S L e e
clearihgdanti/cantinspelctienmeabaot thisubnnghandundeicee of the
rowt h between dry-dockings, increasing the efficiency
hulgnafr@dﬁEFﬁg the running costs of the vessel. However,
this is [ abour intensive, hazardous and timeconsum ng
operation which is not environnentally friendly. In
r e€eat Mpsdr scomppbt ine theshnof ogyshastasgariied €beaning a

. pPL Nt ere_r t _ a vehi S .
o Ender var b Coal GiSs TRV SCal Y JPITTEbR oF
scrubbpegf othe spect facet asks rebowevefpuRiMg .suf fBiifdram an

t he dr awback of

expensive, Ilabour 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 its seaworthiness.

Alternately, divers are employed 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, robotic 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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requiring a skilled operator to manoeuvre the robot
round a given mai ntenance path and clear |ine of
wGer@n102dhe AUVs devel oped for this purpose utPCT/68286M002713

sonar inmagi ng toguide the vehicle underwater to areas
with fouling, which is con%lex and expensive to
i npl ement. . US Patent application US 20050015209

guidk stheseshagleddynderwalrr t et Rngaappardt sowhingg which

. eddy. current testing head,ingcluding an eddy current

1S fﬁﬂé;%ﬁcﬁn rﬁﬁ%ﬁpgﬁgﬁ gar%m ge?%%%iver. The testing
apparatus al so i ncludes an optical arrangenent for
determ ning the position_coordinates of

th dd
cUHS SRR TSt AL HEREL ORNKS oe)S U0t FeNE FbEETAGoReaD daY
cur%?%fmké§%¥héoaﬂﬁéféﬁhgehgﬁiﬁgeéﬁr§d§%ceu§§eﬁk3%@sﬁﬂng

efects on or under the surface of the object being
head est@dudihy samr eadygeaentesf ererdtom ahd dnsaddant age

that it only optically,dete face. featur [
curb{f Hafieder mhe TRECHEL T Ea et Co g RGBT RekY, an
optiesliagrheganset atbyedtoetienbhyethe pssatteaul t,
surface and near surface flaws can be %g&ec%ﬁd as the
bi

cooRgtRR et reht tret 8EHyr CHEARRB shPF B RIFR fegddy
cur SEPS %é@@ﬁgeﬂégdpsg%gahs@a, td heété:%m@ﬁgygwme@b@ge

or afewmTlinetres béeneath the surface of specinen
such hiskfilbses can Befsateessf akl yndsanthedsusitaget ifs the
Ob.sggtewu?referéﬁg enbodi nents of the present invention
J8EK T GVETEbRE t he above di sadvantages of the prior
art. According to an aspect of the present invention,
there is provided a position deterninlng aggaratu% ,
Cdﬁ%%$5§ﬁ6apgement suffers from the disadvanhtage that it
only optically detects surface features in order to
determine 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
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magneti c detector neans for causing magnetic flux to

be directed through the surface of an object and for
wa@ledoeoti2eg) variations in magnetic flux caused PYT/&B2006/002713

| east one sub-surface or syrface feature of the

obj ect; andoptical detector neans for tracking notion

of the apparatus relative to at |east one surface

f eaPbit @2 fd?F%CBBFe@?anByfBFo?FaFH@nﬁa@ﬁE%PE @ét &&€or

app%?§9§5f9é19€i€ét£89a¥aib§5£08§e'QuEEQEQtE%aEh%é %%U%%@

| east one sub surface or surface feature of the
objebpect and optical detector neans for determ ning
changes in position of the apparatus relative to one
or nore features of the object, this provides the

adganpageishay hhenpestt teneotokhreapparatusierelcatinge
to the object can be nore accurately determ ned, since
varipblaRgnehi R2gBEEEEof IR8aA2UESH B¥ BedeR§tdenEcSuP-

sur@ EQHBEnEu§EQ§Hr%é8%uQE %@rﬁﬁgeogﬁéEHreéanob%%cal
object, which are less prone to give rise to fal se

deteeadrnlgsaas foredakerofinfiogl chgnoast he posfigdenofoft hée

osi tion_data obtal ed. b e optic
ST Rt R s R el U ST
thief ptbeiappatntuadrehatigee thatonReopobEe oaf ofaltdle
per manent _subsurface or surface features. Al so,
appaéﬁéwﬁ1ﬁ?%@téﬁanﬁéstbﬁ RRJRELI €2 bR, MPRE ﬁ&gﬁéﬁﬁély

detg9ﬁ§ﬁ&ar gEBARS, tﬁ%rm%%B%%hE H@E%EE%%Sm@En@aE%%'@e fQked

etectlng particul ar types of subsurface or surface
to ﬂeQEQtesermaesnnosubeedfa@eberlnudfaeetf©@mumas\mﬂlthe
he object, ,which mnim ses t e risk of

obibBE SHhiEhradt LBSenEEhk: sEnuiPekisE P80 Fult e ¥ dlnas

as a result of fouling on the surface of the object, and
position data obtained by the optical detector means can be
used to determine the position of the apparatus relative to
one or more of said permanent subsurface or surface
features. Also, by determining changes in magnetic fluxk,
the magnetic detector means, for certain thickness of
material for detecting particular types of subsurface or
surface features, does not need to be in direct contact
with the surface of the object, which minimises the risk of
contact damage to the surface of the object and/or the

magnetic detector means.

The magnetic detector means may comprise magnetic flux
directing means for directing magnetic flux through a
surface of the object, and magnetic flux detector means for
detecting variations in magnetic flux adjacent to said
surface as a result of at least one said subsurface or

surface feature of the object.
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magneti c detector neans . The magnetic detector neans
may conprise magnetic flux directing neans for

wa@leeogoti2ey nmagnetic flux through a surface of PEEGB2006/002713
obj ect, and magnetic flux detector nmeans for detecting
variations in magnetic f1 adj acent to said surface
as a result of at |east one said subsurface or surface

f Gateuma gafe ttie dstjeadto rThee avey it d 6l it ddioradiensage of
r.ovi des .t he advant.age ,of ' r r
enab@ént%mdrfet’?etusruersf gféuerr}thaﬁoé) e ec%%g gc?leéd r%th;%éjn ﬁegééa%%?% ted
thanPHin0r tckam:@amtpaoﬁ ofrte xamd 1y t Y ssat e sexodmp hee,
support_skel eton of a ship and | ded, sea be n
FeatgRet St TERUTeS 6 195 Pront 1l Yif (13 1ore Seams
bet Wl Ch MY O Vesydiserda falSareadi sWprds ©xan@h£a@bon
a result of accunulation of nmarine growh on or

whictomegsimiveofride wurfale ofeadiadul T XIS The?
resug%gnog gagCEC];le.’lfB(la I{o%%f%éﬁ%@qﬁg%'éf %rjl:c??f&n of

_ onagne i S Pprovi advant age o
the enaliddg dhecrmdgnetl cof lauxsidemsity directed through
the surface of the object to be adjusted to a | evel

suited to the particular application of the apparatus

. T JBgnetic £1ux Getect Dig IRaNSs IRy COSME+ 58 aht
| east one Hall Effect sensor. This provides the

leasddvamn agfeceof remaditéthg magnetic flux to be deterni ned
at a location spaced fromthe surface of the object,
as a result of which the magnetic flux detector neans
domsi 10br debde ¢ ottbe ddvatitege cdHnémailimghthéemagnetic

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 detector
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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surface of the object. This mnimses the risk of
damage to the surface and/or the magnetic fl ux

wa@ledoiss means . The optical detector means nBYT/GB2006/002713

conprise illumnnation nmeans for illumnating the
surface of the object with Iight, and |ight detector

means for detecting light reflected fromsaid
sTheadd gitte detgiftc ofeMearsr Madaks prehdspdstass the

integsa%gt .o%hq_ilg'?xltteQ’%lf_tl)échedl e mefdieatad fy P accations

plradrality of° Tocations on said surface. The |ight

on sdetiestarfameans may conpri se an array of optical
detectors. The optical detector neans nay be adapted
to determ ne changes in position in said array of at
| gast 19R@IH MR AR @i e Ry ebripyr isseplair aldinay off
said optical detector. At |east one said optical

optigetlectededBr e a CMOS detector or charge coupl ed
device (CCD) detector. The optical detector nmeans may
further conprise beamsplitter nmeans and focussing
mEares cfodri dadc ubsiawgdd giarentaya i wddntgd ofo segisosine

with different focal l.engths. This .provjdes :
Chan&@\?@ﬁ%&é)%lfquo%ﬁﬁ SiHg" (e deptt a_(#) ]?eléeﬁq'g %r#g]fjhnéage
pattQRti Galcddetactny dmans aAand yreod ré 5id godteca Ange: evesr .
whi ch the surface of the object is focussed onto one
nore sensors, and al so provi des the advant age t hat

or
NG, aut C - Qg@‘ N1 HNEEesSAYa ) bor detudo
i%tu%egaa{tg ﬁeeas;%lﬁa e ofathe obj ect, aa% a result of
detathicah diheclcon exdupleahdieoste of CGhe dppaeadus is
reduced. In a preferred enbodiment, the ilium nation
nmeans i s

The optical detector means may further comprise beam
splitter means and focussing means for focussing light onto

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
illuminate 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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adapted to illumnate the surface in a direction
substantially at right angles to the surface, and the

wo p@hnites ect or neans is adapted to detect |i gh€T/GB2006/002713
reflected fromthe surface.in a direction
substantially at right ané?es fromthe surface. This
provi des the advantage of m ninising, the, occurrence of

erfiors RO §@3 uF e T TEHHRNF e7F SRt I Bhe RaxFRT si ng
occlfeddd ensidy - 9f s det ect bl 4 i ghtskghbpctedoErombhe

surface. The illumnation nmeans may include |ight
maxidirsiotd ntheremsehot tvii e2cdércall i ght igehnrefbarhed from
[ source onto the surface, and directing a |ight
Fef1ected fromthe surface to a light detector

The light directing neans may include a beamsplitter.

The light directing means may, i nclude_a reflector,

hé?ﬁ%glja%urﬂje%éFl%ﬂem%%%?tlﬂ?%.er‘FIJeu%‘f)t11%:8 taeteetbrng
meafEaAS MRY-bBEt HEeaa11 heCsDlni £rbRNs as§REDLEYurdBi Snto

provi des the advantage of mnimsing the occurrence of
the esunfacas andediukecbinghangesht no¢amgeesleetpdchuse bhe

ariation jn_djstance between the surface of the
Sur%ﬁﬁ?g%? %ei%%g%rde 2R5°T The optical detector means

may be adapted to provide corrected i mage data
rqgéesenting an image of a feature on said surfac§,
whehei highe dizechbindaPeeihaleY i sPEorrecPelepy SPLLtter.
conpensate for changes in distance between the surface

and the optical detector neans .
The light directing means may include a reflector

theb% h

having at least one aperture.

The optical detector means may include a telecentric

lens assembly.

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 correction nmeans

for correcting position data determ ned by said
wWopioro#i26dlet ect or neans usi ng position data depPer/GBa@d/002713

by the magnetic detector mgans .This provides the

advant age of enabling notion drift of the robot to be

detected and to conpensate for surface variations, for

exanpl e to conpensate for robot slippage and surface

r oughsessovibesappar ativsniByel UEt BRALCOAR MR 1dhi Yeirft
nmeans for driving the apparatus across the surface of
of Bheobpleet. t?héea%§§?§F@§ ARY FOr ERBPCBEABFI S€TcoNELEre

variglei&g@trgu_»' B9akBedEbVERBaNSatE E%%p%%%tt%ﬁ%bage
provi y the gnetic detector neans and/or the

andoptitatedebteghoesgrans . According to anot her aspect

of the present invention, there is provided an

i nspecti on apparatus conprising inspection nmeans for

i Nnspecippgranusbinagt fuanded pospries detieemmriang for

appar atus as defined above. According to a further
drigspecthef 2PRETBEESeRCTPATeRPPOAITERERe Ofs 2Pr OPPEES -a

cl eani ng apparatus conprising cl eani ng nmeans for

cl eaning a surface of an object, and a position

deThenappagaappamayuiuaghaefbneérab@veontAodoﬁ@Eng to

fyﬁther asp s of the present |Hven g taher v1§ d b

CongF8 88 5 RetRdd St 8P288t &Pt RPRG the “PosPitoR toF 1aRY PY
theappahatus @vttheosumbaae aﬁdaﬁrobhéCbpthb%lW@bh@@tor

conprising :-
means.

According to another aspect of the present invention,
there is provided an inspection apparatus comprising
inspection means for inspecting an object, and a position

determining apparatus as defined above.

According to a further aspect of the present
invention, there is provided a cleaning apparatus
comprising cleaning means for cleaning a surface of an
object, and a position determining apparatus as defined

above.

According to a further aspect of the present
invention, there is provided a method for determining the
position of an apparatus on the surface of an object, the
method comprising:-

causing magnetic flux to be directed through the
surface of an object;

detecting variations in magnetic flux caused by at

least one sub-surface or surface feature of the object; and
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causi ng magnetic flux to be directed through the
surface of an object; detecting variations in magnetic
wo bwg/ooresed by at | east one sub-surface or sup¢EHCB2006/002713
feature of the object; andgeterm ning changes in
position of the apparatus relative to at Ieast one
S“&E%&%ﬁ%% r%tn%% the 1?1bjlp%%5.'t Zﬁeo'f'f%'ﬂ%d i dgher
nprise cor 8 f°a I meage o F%aiure
relaﬂlsaldosatfaeestoow@wpamfabe Eeatuhang&Sth& dibsitearnce
bet ween an optical detector nmeans of the apparatus and
the surface. This provides the advantage of m nim sing

t h@LACRUERBACRQS RIS IBmPRASH eFRHS AR thRSWilze of
of changes in ifmage size due to variation in distance

an peageentt Be featgce candathe sappacat G compensatisod oray
chakgé%h% 8 5!0%% drd 'twe%% %ﬁeﬁgfm%ﬁt W 13 QIS %I%]n% of

ace netho nmay furt COMMpri se cont o
thesapﬁadatusngnﬂytmeamardbcﬁeasurenent data. The nethod
may further conprise distinguishing between newy

detected and previously detected features of the

obfrRet prBet Ll AR CRANGET el B FPASNtinAR 10fy the
apparatus relative to at | east one surface feature of

occuphsenbpeet MEY OGP Seasirgmienati g chaesiwlftacd iodhagges
ti tantial I
R e A o e e
surSdctaead nha dippactatas.substantially at right angles
fromthe surface.
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 comprise 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.

According to a further aspect of the present
invention, there is provided a position determining

apparatus comprising:
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According to a further aspect of the present
invention, there is provided a position determ ning
w@ppanaRes conprising:optical illumnation nmeaPGI/GBr006/002713
iIlumnating a surface of @gn object; image form ng
means for formng an inmage of a feature on the surface
Of obPE-bI 2511, ORI GBL HELAE 06 MPaRSA 0L RLOAUCING o ce
fir I'rage data representing sai d inmage; correction
of amanbjkot;correcting said first inmge data to produce
second igage_data in mgich t he size of said image i%
corP28fed OB OGNPERSSL & OF off OCHARGeEN TGSt afcg feature
on beEwegRrhbBe bFRgacf @pAked;means and the surface; and
conparing nmeans for conparing said second image data
at cdtifaledeteichey meaast Eépm ReodHgAdes Tl sFosimsiden dafta
' r I, i.ve to said surface. This provides
rep?%égggggﬁtgég%tﬁaa%%ﬁe apparatus can operate even when
t heosuetadenf esbursefoaf coatrechiapt isenim ffdnss, iamge data
resyl.t of which . ,the apparatus can operate over_a w de
to Pﬁﬂé‘éCSf SEGPPE dRECGRES i thY tlc{“hg eCedsi F SRt
imagdt 9sf eeYs kAN @I MRBipchBEE NS ra Wt elsANge Afstance
applications, for exanple the apparatus can be
betypedr pbratBddenttoraioenperars abdsé&heapapifacsi; and
op ' ver rface -eqt A, | afri. h
ancoipating” Boad i S oba i 8 St RO phde M
at dhyfeonpti sémespluor aleiteymaheophiagk sdehe gloaris iadaptfedaid
rovidiFfLrst [ e data _when the di stance between

t
appf‘%ég}lﬁaﬁ &R &IC’%g‘ﬁg SHATERE -

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 heights without the necessity 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 plurality 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 detectors.

This provides the advantage of avoiding the necessity

of an auto focus arrangement.
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surface lies within a respective range, and the inmage
formng neans is adapted to direct light fromthe
wafateednt o said plurality of optical detectPCEGB2006/002713
This provides the advant agg of avoiding the necessity
of an auto focus arrangenent. The i mage form ng neans

oYL, NERUGE BoPRRIYSRLLAL Shay Thec PRRAY 2! S HRY T UELDET
conprise selection’neans for” sel ecting second Pnage
data froma predeterm ned said optical detector. The

optical illum nation_neans may be, adapt

dto
i | TR HRPRTERBSsTURYafBTFReE GPFREL BN §EB§%éﬁPiQFP9Saﬁor

seléé@fﬁg?@@&@ﬁdtngpg gHtfaggomandpt-bgelbaht ndat gt ar
nmeans i s adapted fo detect light reflected fromthe

optsea} adeteatardirection substantially at right angles
fromthe surface. The illum nati on neans nmay i ncl ude
light directing neans for directing a |light beam from
a Thghtpsboateidntmihheisurhaars aag der edaphgdatbi ght

.. beamreflected fromthe surface . to a |ight detector.

11193 FynEnai PBELRAG ﬁﬁaﬁsdﬁﬁﬁcFh@PuEBLEQBQQﬁFggViF%er.

rigdPeahgobL dbreqti Bg-rRABS HBY LNl udghd Hekkeeber means
having at |east one aperture. According to a further

is adpetedotot Hetprésénghtnverlpongdt hepa toeppyviraed an a
dirdE 90g g&?Q%ES%Q&?hggaEhﬁi88§l%hgﬂegffégmaQﬂgrghg%ace.
refatrve to a surface, the netho conprising :
illumnating the surface; formng an i mage of a
feature_on the surface; : . .
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 beam splitter.

The light directing means may include a reflector

having at least one aperture.

According to a further aspect of the present
invention, there is provided a method of determining the
position of an apparatus relative to a surface, the method
comprising:

illuminating the surface;

forming an image of a feature on the surface;

producing first image data representing said image;

correcting said first image data to produce 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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producing first image data representing said i mage;
correcting said first imge data to produce second
w0 pge1des a i n which the size of said i mage i SPCT/GB2006/002713
corrected to conpensate foy; changes in distance
bet ween the inmage form ng nmeans and the surface;
andconparing sai.d second.i mage .data_at . different tines
{oCTBE RS M e ERANGEEOTH PRSETI SALe! 2Lard ABpaRAt G4TES tO
det&hahbvenbagsai dnspbkaceonThe BRiROdpPRYatukt Relative to
_conprise directing light fromthe surface onto a
sal@| r&fR€G-of optical detectors adapted to provide
first imge data when the di stance between the inage
form ng neans and the surface lies wthin a respective
r afige meThedmetyodumaretucthericenpiirsetdabedtiohg from

second i ma data.from a predeterm ne aid opti_ca
the ST EERGP SHRE B BB DAL L¥UREnGPLAG e L CFF 228 RagPted
to gespPLbserikkumMinatengathewsdnf a6e dasaadickedkit@@en the
. substantially at right angles to the surface, and
imagat Ee¥PhpIl MERESr éPPeéh8dSEESATENS 188r a¢8iPn 2]

Lreetion substantially at right angles fromthe
resgééﬁggé. %rg?erred enbodi nents of the invention wll

now be described, by way of exanple only and not in

any. |imtative sense, wth reference.to the .

2o EBRpARYTRY GPAWHGS"FR WA o6 Fedara T Peognfojnace
dat¥i evoRf aapsbiptluhlneaspacti eptrandickearicrgrvehicle

enbodyi ng the present invention; Figure IBis a

perspective view of the vehicle of

The step of illuminating the surface 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.

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 la; Figure 2Ais a schematic front cross
sectional view of a nmagnetic detector apparatus of the
waoedoleedf Figures A and IB; Figure 2B i s a sPUEGBR@¢/002713

of the magnetic detector gpparatus of Figure 2A
Figure 3Ais a schematic side view of an optica
detector apparatus of a first enbodi nent of the
present invention for use in the vehicle of Figures I A
aneh §Bre FBUL &€ 3Bsiseavpewspectheempanttat| getattanay
view of a hou3|ng of the optical detector apparatus of

apPPEF e A FEPYGFe?d’is a side view of an optica
det ect or apparatus of a second enbodi ment of the
invention; Figures 5A and 5B illustrate the process of
nDEl@mr@eBéanoﬁ byhehetbpt stde HeewcPér aBppREAEES Of

ures_3A an t_c u ri.ng

Aot G RO ERONES aOF | Bur A g S F OV Hmgn, O pPogegDt

inveatibedfout uby thetuehvehécbé &fgbiearkA aAdahB; 1B;
Figure 7 is a flow di agram show ng a neasur enment
process carried out by the apparatus of Figures I A and
'Bnguggr§B8ltssaapés_>@§€a&9er§9£§§3m99t bQB Qf/va§f bkl of
i nspection vehicle of a third enbodi ment of

a hpuesent of ntbat Pphicklgdeeeotps appégatuén0§efé@p¢ﬁg3Ar
apparatus of a fourth enbodi nent of the present
invention; and Figure 10 is a side view of an optica
derg@tﬁé appar at gsdef vaefri brhaanbpdiiprit detecher

i nvention.Referring to Flgures LA %nd I B, a,robotic
app@agﬁggtpgna second” embodiment of t invention;

Figures 5A and 5B illustrate the process of motion
detection by the optical detector apparatus of Figures 3A

and 4 at consecutive 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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and cl eaning vehicle 2 for inspecting the surface
condition of and cleaning a hull 4 of a ship includes
W@ 2@omer63 r ansni ssi on system 6 for driving wherCBHG829¢/002713
means of an electric notorz(not shown) to drive the
vehicle 2 across the surface of the hull 4 . The
vehicle 2 includes a h cl eanjng unit. 10, which
TEFEROEI Ry TRAMOGTO ULt | GRC { b ol BaFONAr fiet T ourTho"
and fdmAheg hwdbhidid m arsmnnesp bt Chg Wehé berfast! tehdidion
persons skilled in the art. The vehicle 2 includes a
of Fryrreteninddrrer Rl ek odhi 2 i YRR yERehdSS f @rpower
[dentifyin e f ak UL es h
e e e L e o S et ear 13"
elewthiioch rwoeat esnat t sioewh nensi dnave nelpe ofehhelsul f acecss
the hull 4_, as we S controller 16.f0
the REFITTi 0 ERE abhel) ¢ TARAHEPKEFBeoghh el BHeSy 8t L™
cledrdin®pPhhcal 10 roagei deashé £ekoni g ayshemidsuaddon to
contro!llng the driving of the vehicle 2 across the |
cleaymaeknef LTenbingl from timehykhi ¢ én2angynperarhiaehetl L

be fnilfapull epyoﬂgggéigieahfnnﬁggegke.Iandnark

recogniti on system y nmeans of a separate magnetic
attachnment system (not shown) , by neans of suction

produced by the ¢l eaning apparatus 1 [ling.the .. .
DeRER I Eenl Tt nelRETTATE 3 Bron5treanahgpegR rot8onition

sys€afibi nakbeni 9én oo @i hhagupnecef ahbesebsiheavehiceheues
is also provided wth an outer shell (not shown)

of tesighbel t o0dl powPREkEr Al 1busiRAciedf FAEkoBANE| EY2TPR

14 @@E?MﬂéﬁéatlgeaV€?¢9&§mén§ﬁbhaPemQ Sbgnﬁgem%ﬁgfgcgreﬁe
or nounting a constituent cohponents .

the hull 4, as well as a controller 16 for controlling the

magnetic landmark recognition system 12, optical image dead

reckoning system 14, and controlling the driving of the

vehicle 2 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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Referring to Figures 2A and 2B, the magnetic | andmark
recognition system 12 includes a powerful
web@ehtesngnet 18 for produci ng a magneti c fi ePdI/aBe06/002713
directing it through thesyjyface of the hull 4 of the
ship. The el ectromagnet 18 includes a U shaped core 20

of a terial _.chosen t rovi de the ' t
Surf?ﬁteurodr?itg}? gﬁ‘ult%hefr?& Itqbe}[)aﬁq}lr‘rrjg' (sﬁ%%%ﬁ ri en$8ed
incl®lRE rolytdiasieeldramb atoppedt ol adids&? o appedide

around the centre section of the core 20. The, nunber
the gfeximu Jﬁn%e’c%oﬁqt@ﬂﬂsorae%n%%th%@or?%‘él%%%‘&%

W, dansidoed eauded, 1n satdvad e they cor& ]
as q:}‘Jaateri al, atse vﬁlllé be fa%c']?i@ar toﬁ)persons skﬁi%f)elredw%%e
coilt ¥ artappsthemiwed rdmagrentis sechiedn ¢h Bheprergy 20-

| oaded wheel ed nount, .( not ):to ' ' 1 Nioum
The F@ﬁ%ﬁ’%ooﬁiecsl{%hsceo tth}ée acfc?lsgap %%t%géﬁg@s%%c%ﬁ%f
magrdig hutluéd Bk ithe e el rodragnesathlyatadeisacecofe c2al

brushes 24 or_anot her nmechani smat the enﬂi f,the
mateipael 2R Hrivtee tPe Heishisiie dt @ oP &F PP ant<t e@u??a%%eof
art the hull 4 fromaccidental contact (between the

el ectromagnet and the surface) and ensure opti nmal

magnetic saturation of the surface. A sensor array 26

caont ai nj ng._ one_ or Hal J fect_s ' d
be e%l? "R n%mgﬁel%ol%% éolrg %nﬁ?gﬁgs%g%%g&f rom
whed el stshmee(0ft tdicody) | td4 naiotden &omieiech nagneted
. flux leakage with the maxi mum sensitivit In thi
distgnce t Hehe a?ﬂdlfmg%P)reké%*@‘ﬁ??lPth%y?t”é %% %gntg?a&éil 4
andr@ﬂ@téfgéyr&ﬁ%§§éﬂ pyerahhessurfaceiof theshukl 24 or

and can detect” permanent | andmark features on or bel ow
anotier sueflageism at the ends of the core 20 protect the U-

shaped core 20 and the surface of the hull 4 from
accidental contact (between the electromagnet and the
surface) and ensure optimal magnetic saturation of the
surface. A sensor array 26 containing one or more Hall
Effect sensors is held between the ends of the core 20 a
small distance from the surface of the hull 4 in order 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 sensor will be used
in the sensor array 26, in order to provide verification of

detection results.



10

15

20

25

30

of the hull, such as the joints in the skeletal
structure of the ship and wel ded seam between pl ates.
WO roo7®1e5vi saged that nore than one sensor w | PChEBa®EM02713
in the sensor array 26, ifxorder to provide
verification of detection Tesults.Referring now to

Fi gures 3A and 3B, _the optical koni
gures 30 AN BB chne nliseL dead | eRkonid uoLam,
reck%ﬁ&fiﬁé%kél’cl@ﬁt tl%rg§ af £hi-ght cheblieatad brorhkhe nswrfracs

_ : 4 and recogni ses patterns of dark and
comphirght iateasibgt mestesnls ofueahitr ZREd oCh edetfdoM €% he

directi and.speed_of tr l. .f iCl
R
1ighkngkudes batkitiepl ubskense tniraatksonmst ide teingtines dirces

28, for exanple lasers or light emtt,i i Qdes,, .t0
direpFraRi A&fe SPREs Af &CE V6T (e 1A VS l.cri%n% PR £
the EPQPLF af T omh@ il e e rdot sTrRe D 1MEXinEISRId enudepitgl

0 ield by a lens 30 onto a or CCD image chip 32
intewsiec monochudes tae driodyt sfousistsisc 18 rd e teordiR Yot asers
sh ) _pr.ovi di ng signal.s r.epr ' ' [
or 1ERIL RO na el LGRS DS esidy ofe
hulldet.ai lrHen refgwor «38,1 it ifdeen ldighthweldurcess 2B qused to

positioned in a housing 34 to.llunjnate over
maxig\ien &hs MERRIAL dridas (Y Al TS e o dn GIos o CoP
imag%b%%ri 4,00, a0 sthe Jdegidg Lhidy Ix ispiaeat egbtectors
central 'y between the |ight sources 28 such that the
(nod enew80 frovusiell nches idnghts oreRIRS YU LRt Weensity of

gm0 ST O 963 1 HITED5' conet ant . The entire dead
reckoni ng system 14 is

As shown in greater detail in Figure 3B, multiple
light sources 28 are positioned in a housing 34 to
illuminate over overlapping small areas to maximise the
area of observation, and the imaging chip 32 is located
centrally between the 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 vibration produced as the

vehicle 2 travels across the surface of the hull 4.
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housed wi thi n housi ng 34 having an appropriate sealing
means such as a rubber seal 36 around its base in

w@e@en12es prot ect the optical system fromthe PCT/GB2006/002713

environnment, and to ensurgsthat only a thin film of
water is present or that t%e systemis kept dry. The

opti cal ,dead koni t 4 i '
 Pane et GancEre 3orraniin g B Chor aubnd™ i

embota&%hltt %fmtlhiemi%ﬁe\hitb_b?lt I1@N s][chrdf)ﬂ]l.l ded rAgyurke Avefircl e 2
travels across the surface of the hull 4 .An optica
maxigdgd ngeclepiiting fsfdedm B8 oved %&W&%?ﬁ@dﬁ%‘#) BF e
of a %\%%g’nt 'fg)rli't%esrh%\@n | r’l'hge' P 4100 Xy g feptinof
fiel over the visible area by neans of a beam
reflspited darigh3. fhove dwemssplfiaceerd 29tdi vivdedaames 31la and

reflected light fromthe surface .4 | 3la
31b, it isth 2 5khi %ﬁ%ff%%ﬁ%g %nﬁ%?%ﬁhgggé%ﬁéﬁ?%h&gs 32
resgdetieapadises IansesBommnt I Wfraditf frent fovaths A
| engths A and B requiring no auto focus system The.
and (Bragiafyichings B2 P dSChS Y Hages of"d hdSU? Ace Y
32 ptrl'b%é’sessﬁjﬁe 'i‘cmavﬁésgrgfdd{:@wéﬁga hd henduadd by of s t he
I 'mage, ere a high weighting indicates a greater
weig}ﬁjedch?i@emlrdjnf@e drmages duam by paf tileul dradhi pyiserenen
. .used, cal cul ate notion. The | in [ r
hlgha_r‘f’%‘ﬁaf&%d@%fcapﬁefelas gfj‘ﬁr1e0‘allhccea% ﬁegljt%é&él]n eﬁ%kil?yﬁgéj&gé
from iOWastrdkidg dhie 13 hinsensddd vieo ned e bd t @rmayion.
the.” chip, and represented in nore detail in Figures
5A and 5B. In Figure 5B, the inmage represents a shift

it BB 4% Sl et bhprers
indiconparg nghé hient eregesy def ett glat byt thelmg rélyei Aigh
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 bHA.
By comparing the images detected by the array in
consecutive measurements, the X 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



10

15

20

25

30

consecuti ve neasurenents, the X and Y coordi nates of
movenent of the vehicle 2 across the hull 4 can be

waledoeonizeeed by neans of a suitable controll er ¥@DGB2006/002713

shown) , which may be rmoupyed on the vehicle 2, or
may be provided renotely, for exanple running on a

conmput er. The operati f th hicle 2. wi |
cepogEaRIFbedn o QRGER Tt by A s ot a2t

dead! @eCRSLMUCT v LERP 10f, MaGRe! ifealthi cdetientiabl i es urdmacies
and subsurfacCe structural features, the |landnmarks are
codefd xed surha apaaditiee FSIGARIS & ridife dfF facdiffatteranster and

neasur.e t qf _at ar, | i [ At e
S0P ol e By SRS A e D T o Speat ab e o
feat@degiwl tOri nStravet magpamiontframe t elegptlicdleidance three

reckoni ng system 14 ch feature w.thin the [ S
partcaded b %ﬁﬁﬁ+%&ﬁﬁxkb%%ﬁﬂ_ gé Wg(ﬁﬁ%fdf%ﬁoéﬁéh%fer
1anddd 18 tBrAGRb R o @gﬁfa‘ien(fﬂx@l rapossahtongf ohel ocati ng

e

the feature within t mappi ng frame, ideally bheing a
var iteHriem ﬁartmamﬁuq idari cieedder (detsctaBde Mk xi Pased
upon. t-he [,Sit ignal ;
magry eplrcesleanntollnﬁam&vegdrtﬁaﬁ orr i n @a%’et?rg&fel%()%lesréﬁie
traxﬁ&zéltl&gd 3&}Jcﬁn b%lhd her inpignet X6, | #ndnearsk néetsegteidopys yidtee m
12, and the distance travell ed from t.he ori
oPtiad) RS hERAITEHHY %mt@d%ti‘ﬁm 0 HREKONT n%eégy%’?"érﬁf
minikfh siddisnhdasatdhe hanetdtrad vl ¢ mdognihengatiae
transfeerred while maxi m sing the mapping process. The
mapplangmerdese st e categorised to identify the nost likely
structural features detected based upon the signa
di sturbance observed by the | andmark detection system
anthe landmarks are categorised to identify the most

likely structural features detected based upon the signal
disturbance observed by the landmark detection system, and
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 vehicle 2,
the mapping data can be checked and compared to ensure
accuracy. This map data can then be stored for later use
for navigation data on subsequent 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. 1If a

landmark feature is detected, the position data is taken
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are organi sed according to their position relative to

the origin and to adjacent | andmarks. By using two or
worerg/omaeghet i ¢ | andmark detection systens 12 oPCEHGBR006/002713

vehicle 2 , the mapping daga can be checked and

conpared to ensure accuracy. This map data can then be

stored for later use for .navigation .dat \
from GH@_ GPttlﬁélvéjﬁat?{Jé:ef]%?@rl&gs t ﬁgeglur%qlaggel%r#l%?%?%
start@nl P8 6 on t(he d andpeskd deLechtoptepssam, 12nana t he

optical dead reckoning system 14 are initialised laé :
landoweyr $elentiifd dafiiqmalSwt HAYHG Uit By Ay stieh 514 10

settd L | o ; NeGIesk akhich
Ordesﬁ écﬁ g%,t%%ﬁn&q}%hzgﬁhﬁ marlil.l d{eb:leiéttﬁlggglfst em12 is th:tecn
has Merin deeedted si gt Ohermgam et dttep Sle |is Bhemesitored

determ ned at ste wh I
2t S56h Wdvecren. L 15 TR TOAT & T < Hik ot ba PheT
the RRPJRN dat hdss dekendsmgnddws optical dead reckoning

system™14 relative to the starting position (i.e. Xxx
and Yxx) at step SIO and a | andmark identification

syl Jo4ting J 180 Herl b eI | 01 el er phag
tﬂﬁleﬁloﬁﬂeﬁlkderf%/ﬂ%gﬁ%ﬁ %dn&rk \Aﬁch hasl been
stoxket eatedisekhef dihreev paatinat the odghicle herost drkgeqgrent

step S14, and it is then det ] ned..at_s : ;
run%‘f%rtd}t%es ?%go£ uﬁh%%ugegin' cgwrr% %t{é@g %gﬁc%ﬁez o
plad@ndmard, drep: iasi bgeposieased, thé ssatthengstatadiandsed

used for navigating the vehicle 2 on subsequent runs
to qouekigure sire atesbint he Be | SACtiRgROt heNGeRfRPE"S s

oroBi Gy et Taur Pt RE R et e 1 The Tt o e °
mappi ng

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 S520.
Communication is then established with a drive control unit
of the vehicle 2 at step S22, and initial heading
information is sent at steps S24 and S26, which gives the
direction and distance to the first landmark feature. The
motion of the vehicle 2 is monitored at step S$28 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

S30 and S32.

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

(Lyx) and the two-dimensional coordinates (X,y, Yxx) are



10

15

20

25

30

process to ensure repeatability of subsequent runs.

Referring to Figure 7 , the original starting data is
waig@dotes nitialise the | andmark recogniti on SpGI/6BRWMR/002713

and dead reckoning systemd4 and to configure the

systens to their initial Settings to ensure continuity

wi th the mappi ng procgss on,subse tor t .
compages EomRGANESI o S LTTEn “be CABE SHad with B ihal
1ndiCaREEOL tURie Ofs I e neahitelee véhdlc 18t @p iS22t artk idudealt

heading information is sent at steps S24 and S2 b,
landwhairgh agidy @9 stiffd ofi r &dtsrorkhen dadigeddcd alo SHEF Y r st

Land t. . ol i.0 f ' '
conmgdThE VAR B RS e o At e By e e
1andafa rikh & captireala ldead trhec kiorsipeg tsyst em B inggednag IRath,

detect .devi ations fromthe si red mai nten ;
accogiid ngpd&t @br?eéflﬁgﬁge r#%i‘—\"mt %gﬁsatprsciceepsss é‘j%{]glndpgsrzh?tll
the WiER R RAIdd G Rfrdrandmark Jeeat Wdndl s ddachese@ss38.

i ndi cated by the | andmark recognition system12 , the
signal (Lxx ) and the two-dinensional coordinates (X X

: - LHYPA | readi Nosh At StepyBicl
| AT P R A e Ty
2 hdss raft thericerd ect tlendarie@nd podidilomrmr thesl then at

navi gati onal systemc nds the vehicle 2 a S24
SteR & Procdot 1 LHES Bk 1A TE PEAt N ES BT Bnge i rer
arrd IRRREI QI OFh TR 44 @REHE er P dh i CHOr sl figeth 012 hethen the
mepped data. This process continues until

contirel Intustidn ge P o ahdte %‘lass’f[ff.éérﬁ"c%nﬁll%?%%ir a{zlﬁg? ehS ghew
reatl IRV ARS Q1AL Sy 0T 00k 5 Rt vekol o
resullt is due to a flaw that has occurred since the
previous maintenance run, whether the result is due to a
spurious 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
navigational system decides at step S42 whether to continue

along the same heading, to correct the path, or to track

back 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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step S36, through the nmultiple el ectromagnetic sensor
arrangenent of the | andmark recognition system 12,

W b@motdzes control unit nust decide at step SAOPEUEBR@G/002713
this is a new feature th can be added to the map, or
whether this result is due to a flaw that has occurred

since the previous. maintenance I, et.her _t
the JSKaGY POCRTepGr GHE rEAGPRG: 67 ‘Wb HerChé (o Jpor=d
poinga§ag8¥HaE§dtE%OkuhQn@%%b%&ﬂgp@bhigb&ﬂmmuﬂNddﬁMﬁmmM,
Is identified then this wll be added and stored to
strup:uernappmageda(tf@,r ahe it tensioan@has SHTEHIY iff@df as
aw. ar f. rrQsi it | i G
R PR AV ESt I Gat T oh TS SpBr o At es Grea e
control unit has decided, then the navigational system

decides at step 4 et.her toq.continu I t
dethies U STeR SAMERELAR eon e al ong the Sare
thir\%L Wi QUS e nGordealiRd iiraRgyraIdss. @hesubseiqtientl CUrss a

vhen a feature is detected this will be conmpared to .
hou séxyge d0dd w;rm@@ed:cmamrss 3 fagiied ' et ki rfe YRAEE gt
corr. ond to I St LW sEpRed

yot50 AEE RO 110 e FAOS S0 B o o ool 1
pos ifr@atnursen seei nghclddkichd @ tdee mappi nigldatseumers skghafor
fromthe magnetic detecti

. on ans wlJ c

1L PGattaRe 31 Ghal s h: & RIS O 1T b e L1

for WUARE Jirke! s it Urerpdcitie feat unes wilhes. bedngeal heve
mapped pol nt (added to the map increasi ng navi gati pna

famiddeur doy e sAruct ki bl ey e {Y GH thet Bt t Rt FOr bf - ¢ he
Len PSR (P SHA G o S glo i o gt
detddisRectlion meducded®20Dftlze distance of the lens system
112 from the hull 4. 1In this way, the telecentric lens
system 114 automatically compensates for variation 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 power 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 1B. 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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third embodi ment of the invention. The vehicle 102 has
a housing 104 which contains a magnetic |andmark
WO e@ogmi2ti on system 106 connected to a contr ol PET/GBRB6/002713
and an optical position nsor including a pair of
light sources 110 for ill'umnating the hull 4 , and a

telecentric lens syst 12 for i vi i
SpLLFERT oL 6HCF o ERELRGFFO4PooR S LI CBUPaRPIar £3° °°
a fi%?ﬁsggﬁeégbklQQZLnahaeaaﬁkanbhﬁttéﬁebeﬁmrNdalemsging

ystem 112 produces an inmage of constant size o

optidet 2t oE0124 secegsr dessster PRE dFEEaRES S oo Jiens 216
. _system 112 from_t l] n this way, the
belngeFeReRt Fg F%ng %gggﬁff%42%hfonatically conpensat es
Igr var;atlon in the size of an image of a feature on
e surface of t hul.l 4 as .the.di_stanc t
| Bhs " SPSEETOEE2 2t LHE REAT HoCRURGEE 38 ATrbeit o
206 WhEegubakl tiesddhd MR suifraee coft the huidrldppithe ranges
['ight sources 110 and detector 112 are al so connected
of dfiettheecort rild drearDeplfd eFowdd m&%ﬁ‘"’t%%} htt?

sources 110 | S e WeTolgli il
ordefpgo ﬁ?&ﬁ?étgﬁgﬁgﬁgﬁ%gﬁ%%%lcaﬁkhgg%?¥%ﬁﬁgensopﬂgﬁﬂgthe
appa&gﬁg@h2@&bag%ﬂﬁwgenﬁtdlwiﬁhuuhuﬁhﬁnneﬂﬁiﬁMﬁ(ﬁfldaﬁﬂbe

used in a wide range of applicati f or | -
£ocugr np BITECAN L8Pt er ?et?doccfrsﬁoﬁ ?]‘Lrs?ul E}C9:| %Sg%sgmegné lgzned
of ﬂﬂéﬁTM%yéi?ﬁﬁgﬁﬁﬂéﬁfﬁ%§HE%Mbﬂdk§HZMHﬁﬁQIG\iﬂubﬂ&brTmE

position detecting device 202 has a light source 204
comdemrsaitld Uirimatd mip Bl eng fide v el Hmh ¢ 3?1%“1’%% s

fromt surface 206 i i ract beam [
spLIZ0ET The baeréns%f]fﬁ er %érj’ecvfrglcggrntéqf%%t ed b%gém %/%gér
occurBGHNGHH i Ess21O ¢D 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 lasers,
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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a first detector 212, and a transmtted beamvia
i magi ng optics 214 to a second detector 216, the
wa@ledoeo1@ss 212, 216 being connected to a proceRGDGB2W8/002713
. The detectors 212, 216 ?rovide i mages of the surface
206 which are in focus fdf different but over | appi ng
ranges of distance of the beamsplitter 208 from 1
opticurib®eonds, ai highHedetechpBen?? heCrBRGELGF BurtdRad
dept h, acr Lchot henapparptes 202rRaniRRgiabeoptics
TePLGE %%h?gtﬁégEﬁgégf%§ g% aut o focusi ng arrangenent. The
310, p3DBessAr apéBtadpusl § fhemsazeebecehbrifngengeR¥FEERd
_at detectors 212, 216 jn.order ; :Qr th
whicharatVons PR ?ﬂgraFﬁ?gﬁgeggePﬁégﬁﬁgggﬁgng?tggr 208
art, 2pdrsLrfacend@s, owhyeherhDiyi sessthetestiar,occurring
as a result of variation and ipmage Elze gause

b
indepandentdy afdthestaftantst REehPBhECHESRISHI L ?LSP%zos

and:th L.f . 4Th 0 Fo2d8 alft@maticall
SYStgﬁtgéﬁgiggﬁlsﬁgﬁéggeé't%gﬁéiSﬁgﬁgfron1detector 212 or
comp@iBavbichiolrs viamibtsohecah thagbedthépefatingn sugitgdce 4-
conpares corrected i mage signals at known tines, in
order to determ ne the direction and speed of novenent
byt he rarRanA Usc20RnACKASS rklfe esticliate 266 a lkingur e 10
shows an optical detector apparatus 302 of a f theu
geneerbadi pemeldelt ResisngéntilGRt FRE LGS && dhSapirdrdt s ©

. 302 h lLural f i ; : Wt as f
this; gé:gyg?ﬂe\%h&g% Sagﬁztea%ﬁéc% ear?grhl%q_&l{l%%%g?’%es ence o

um nati on beam 306 which
erroir$ @isr ectreduiyt @ finishreoiow3@E faed si-nagi ng optics 310

onto the surface 4 in a direction generally at right
angles to the surface 4 .

Tt will be appreciated by persons skilled in the art
that the above embodiment has been described by way of
example only, and not in any limitative sense, and that
various alternations and modifications are possible without
departure from the scope of the invention as defined by the

appended claims.
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Alternatively, the mrror 308 can be replaced by a
beam splitter (not shown) . Light 312 reflected
w@emenai2by at right angles fromthe surface 4 PGT/GB2006/002713
directed through a hole 3 in the mrror 308 through
an aperture 316 and i magi ngoptics 318 onto a |ight
CLAéﬁgector 320 to provide a signal representing features
the surface 4 . The inmaging optics 310, 318 and
aperture 316 forma telecentric | ens system which, as
w || be appreciated by persons skilled in the art,
1. & fopsli P mikfee BtinjeHe raprar alohs t aetr s} 9Eng i -
[ t ' t [
o o e S P 1o Pl RS L8
be dhutesned cal tqugonpgensateadorod an abh past i and hEohei ght
det oﬂfthe surface 4 ., By directing incident and regiected
ST AT O GeEt A YIS T Bl T HREC R T gAY BngteeSt o
one A b dlSady ovdHasrd her agdvand2gec©f and

m ni mi sing the occurrence of errors as a result of

sIRRIoWw Y fARteCtor meany frr appreeing eerbioper§orke
appagééaédse%dlnabéﬂ?e ol atﬂ“afaeé{k? &P{;s’euff@é’éi' f@ﬂupéf/opeﬁqe

scri be y way of exanple on and not 1n an
objddtni tati ve sense, and that various alternations and
nmodi fi cations are possible w thout departure fromthe

scope of the invention as defined by the appended

2. GridfpadA M decordmPsid | @ Het B i A /PP @t us
conprising :- magnetic detector neans for causing
nAgnfEgfetd et FFRAC S TRt etP d Hradmt + ¢l Lk f dbec of 1k

nearPI Rl AL O JHAGING VANLAL OS5, JBANCHLCe To#en
causedcgb aﬁgﬁégst one sub-surface oé surtace ?%a ure <
objegft t rendbhpapisetiandflux detector means for detecting

variations 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.

5. An apparatus according to any one of the preceding
claims, wherein said optical detector means comprises
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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optical detector nmeans for tracking notion of the
apparatus relative to at | east one surface feature of

wo b@7obj2ett. 2 . An apparatus according to cl aP@T/GB2006/002713
wherei n sai d magnetic det £tor means conpri ses
magnetic flux directing neans for directing magnetic
flux through a surface of the object, and nmagneti.c

6. BAR| ARPAEPEUCORCTRZAL Mol CdEt et ng VARTEL 0 FS1ch 11ght

deteBBERChbaN,! W% 3diageen! tl0 3Rl S WHeAGR +a% A the P 1 iQfht
at | east one said subsurface or surface feature of the
reflegpfedt fram aAplappaiitusfadosedilmgst enclsailie Burface.
wherein said magnetic flux directing neans conprises
at | east one electromagnet. 4 . An apparatus according
7. RhOoapbarmt2somcdordifer eion cllhe mmagret i6; Whdeedet ectiar
conprises at | east one Hall Effect sensqr. 5 .
SRR e 3 ¢

S uSCAESoLAMRG 156 SaRy GRé 3df Ahé i ng

dete€kai-gs, wherein said optical detector means conpri ses
illumnation nmeans for illumnating the surface of the
object with light, and |ight detector neans for

e ' Ii ght, ref.l ected fr ai f.ace. .
0. AESELERD T AUk hEE S0 ol o8, SupUEhCE g lbicar
detedebechennsedrs aidapadaptted det cdatieet dhlaegeast dmsigos iafi on

i,ght reflected froma plurality of |ocations on said

_ I
in sayflf 36&3Y70L Ak AFFArarhs dECGEIPRT A ClrATR TSt B 2

plurdherei Brsaiadd oght cdet ecl@-t@@ans conprises an array
of optical detectors . 8 . An apparatus according to
claim7 , wherein said optica

9. An apparatus according to claim 7 or 8, wherein at least
one said optical detector is a CMOS detector or charge

coupled device (CCD) detector.

10. An apparatus 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 onto

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, and the light detector means is adapted to detect
light reflected from the surface in a direction

substantially at right angles from the surface.

12. An apparatus according to claim 11, wherein the
illumination means includes light directing means for

directing a light beam from a light source onto the
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detector neans is adapted to determ ne changes in
position in said array of at |east one inmage pattern

wo e@gioveds by a plurality of said optical detecPCr/GB2006/002713

An apparatus according to glain17 or 8 wherein at
| east one said optical de%ector is a CMOS detector or

charge coupl ed device ([CCD) detector. 10. a ratus
surfaceor @ney dd &y nené i Iitard™s J%e(fjéac,]&%g}é?“ﬁqi e

surflkll ¢l detiegtorgAman further conprises beamsplitter
neans and f’cussing means for focussing light onto a

plurality of sensors with different focal |engths. 11.

An apparatus accordj.ng to any.. f [ 1% :
13. B PERR TP AT or e & St BTy e Thne
dirdddiwy R d hesuwidace iveam digleiditieon substantial ly at

right angles to the surface, and the |ight detector

neans i s adapted to detect light reflected fromthe

14. ?%lﬁr fa%gzﬁaxiapclﬁ 4 JREAH 11y Substantid ald Yoral1 3| Ghte 2HOA EShe
romthe surface. 12. "An appar at us accordlng to claim
1ightl diwteertsing meeand o natdorm nesflse ¢t Jthesing ght least
dire%}iqg means for directing a |ight beamfrom a
one |3PgHt-0ur ce onto thesurface, and directing a |ight
beamrefl ected fromthe surface to a |ight detector.
13. An apparatus according to claim 12, wherein. the

15. |ArgPRATES REGRIEHD it (RIS P Dedim SpF iRTeredhd an
claﬁwarﬂﬁeﬂ?%{@'éﬁf&flci?éﬂ'@c;’e?onprméé%ﬁs whes ehdle & he

I dht ecting neans 1 ncludes a reflector having at
teldeastrionel aperaaganblls. An apparatus according to any
one of the preceding

16. An apparatus according to any one of claims 1 to 14,
wherein the optical detector means is adapted to provide
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.

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

means.

18. An apparatus according to any one of the preceding
claims, further comprising drive means for driving the

apparatus across the surface of an object.

19. An apparatus according to claim 18, further comprising

control for controlling the drive means in response to data
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clainms, wherein the optical detector neans includes a
tel ecentric | ens assenbly. 16. An apparatus accordi ng
wo oooaty2ehe of clains 1 to 14, wherein the optPCHIGB2006/002713
detector means is adapted 40 provide corrected inage
data representing an inmage of a feature on said

e, ereln t sai d | mage Ji)s C rected
proY%d%%ﬁ%% emﬁgpegﬁgnaggngoai@?ﬁﬂée Qfﬂée%BFhQPtlcal
deté@téﬁC@e@ﬂg the optical detector neans . 17 . An

apparatus according to any one of the preceding
claims, further conprising correction nmeans for
20. Czszrwgiw&npaétémmn%g agpheLehoed théﬂmagﬁg &)
det'ect or neans usi ng posI deferm ne he
ergrgpef ¢ ce déeectbbedennsh. r&Ber@ncapparahGSaacompdnygng
Lo any one of the preceding clains, further conprising
arive’ means for driving the apparatus across the
surface of an object. 19. An apparatus according to
claim 18, further conprising control for controlling
2l. thre H}%%C%%sapﬁargg\één@@mw@laawpmvpaéal@y mpens for
nsFRONGLS CodebRELOE MEARS aﬁ&é?&&b%&@ékﬁ@plgst 86b8katus
means - A position ermnin us
aCC@ﬂ%SW@nt¢a$my aBehefethbepneeedesgrcbeﬂmmAth reference
to the acconpanying drawings . 21. An inspection
apparatus conprising inspection neans for inspecting
22. am ©ohiecing a@ﬁp@r@@&ﬂt@rﬂ;ﬁﬂﬁéfhﬁ@ @lé‘ﬂn@ﬂ@aﬁléhﬂ§ for
according to any one of preceding clainms . 22 A
cleallighi s Whbarat 88 é@nﬁbﬂ%@hg IM@ani PYSheAAB fekermining

apparatus according to any one of the preceding claims.

dra

23. A method for determining the position of an apparatus
on the surface of an object, the method comprising:-
causing magnetic flux to be directed through the
surface of an object;
detecting variations in magnetic flux caused by at
least one sub-surface or surface feature of the object; and
determining changes in position of the apparatus

relative to at least one surface feature of the object.

24. A method according to claim 23, 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.

25. A method according to claim 23 or 24, further

comprising driving the apparatus across said surface.
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cl eaning a surface of an object, and a position
determ ni ng apparatus according to any one of the

wee@cedizegy clainms . 23. A nethod for deterni ni POI/GB2006/002713

position of an apparatus 9h the surface of an object,
the nethod conprising :- Causing magnetic flux to be

di rected through the surface of ohj ect; detecting
26. P TESRGh S 4GP ATRGHBCTS IS s S S WSt L e

contSHATSWS 2GE PS5 & f GlldE O ddiesohikets d@nea.
eterm™ning changes 1n position of the apparatus
relative to at | east one surface feature of the

bj ect. 24. A metho C ' | ai m 2 rsper

27 gkorﬁ?&ithsoldﬁgacccoorrr ecty ﬁtggt Eﬁn&; g(% r{zleg &o dzillnaallnnli%ag%>3 o‘igaé B
furteat Wompan siaid $ikf acegutsh oonpensaten froewhangescied

di stance between an optical detector ans,_ of the
and FRFAHAURE AP teet edr Ferleires Ofa Tht HYW Actording to

claim 23 or 24, further conprising driving the

appar atus across said surface.26. A nmethod_according
28. tfo mtdiad 2B5;cdudiherteompy i SingPleontaBng i A Said/-

dri vi by means u : Ry
e G v SheBRS R SR of "o, FRRRedee
rel LONRY 1S9 nNge di &4 $ Bgoms hsngr Hed weent unesV g f debhecokgleand
previously detected featureg of the object, B 28.
compsk $RRY Jéc%awd%@l% Bhy PHet e ot 9 235t 6197,

subIETEi Iy deter Nk PhRY ShaNgestd NepOss b+ PAcOf &h@ detecting
apparatus relative to at |east one surface feature of
lightherobjectedofrpeisesei rumeat imga t heregFi@te in a

b Aokt det abt; not SontE Pl T 2E0REEFR R (e
surface in a direction

29. A method for determining the position of an apparatus

on the surface of an object, the method substantially as

hereinbefore described with reference to the accompanying

drawings.

30. A position determining apparatus comprising:

optical illumination means for illuminating a surface
of an object;

image forming means for forming an image of a feature
on the surface of the object;

optical detector means for producing first image data
representing said image;

correction means for correcting said first image data
to produce 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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substantially at right angles fromthe surface. 29. A
nmet hod for determ ning the position of an apparatus on
wo b@7surébace of an object, the nmethod subst ant P@El/GB2@s/002713
her ei nbef ore descri bed w tdg reference to the
acconpanyi ng drawings . 30. A position deterninin?
a 0 LS T,nation means
P Rgnaohs, Pl BBRbER ol LT Bhk Bl SRR o
at deahsréot tbmﬂbngoadetBBQEHefchaﬁgabuﬁﬁ ebstiie onubfFagaid
he obj ec @tlcal det ect or neans for producing

app?F?g?slﬁﬁ 8 Hg? PeffddeRtf §°Sai d immge; correction

means for correcting said first inmge data to produce
second i mage data in which the size of said imge is
L. cdrreppeBatBscarperdans torcéndngds, i Hheirstangse optical

det@@ﬁ&@eﬂeéﬁg EHHE?lE%Eanng§§P§t ngftggtiggfa%%tectors

andconparing ne or conparing said econ
adapia¢d ad prbﬁedenfltsne$magedeaEanwhenchaagdSstance
osition of salgogggaratus relative to said surface.

betugen Apie HaRAE BP RGN 02 R P al e 36U T hAE e ASFhEithin

a rophéeal vdetgsyer Hﬁénﬁhéoﬂﬁ£g§e§o§mph?rﬁébhﬁ 9t ada ted
optical_ detectors adapted to provide first inmage da

to %%%0*% helghst Arer beewevhrfafe Prhgesfdenbhyradany aﬁd

S es wthin a respective range, and the
Opt%ﬁ%@e&%%gﬁfﬁggnﬁans is adapted to direct light from

the surface onto said plurallty of optical detectors
I 31, wherein the
%g 23 afg@ﬁgtggcg% Qﬁg'gg C afmagg] ere?n the image

forming means includes a beam splitter.

33. An apparatus according to claim 31 or 32, further
comprising selection means for selecting second image data

from a predetermined said optical detector.

34. An apparatus according to any one of claims 30 to 33,
wherein the optical 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.

35. An apparatus according to claim 34, wherein the
illumination means includes 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.
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form ng neans includes a beamsplitter. 33. An
apparatus according to claim 31 or 32, further
w@owpioieshg sel ection nmeans for sel ecting secoPdI/GBae/ 002713
data froma predeterm ned,gaid optical detector. 34.
An apparatus according to any one of clainms 30 to 33,
wherein the optical .illum nation ans, is adapted,to
36'i%qtﬁﬁ?ﬁﬁ%&?%ea%%?¥%i%giRoag +%C$$bnwgﬁﬁgf3ngﬁgl}§ggf

dirdd@iHg anails 10cihecsusfioeam aprditherlight detector
means i s adapted to detect light reflected fromthe
surface in a direction substantially at right angles

f - PRAL At U5 aGL0osdi NgnLoschat
37.g%?@%ﬁ%fg?ﬁ&%ﬂ%g???§h$§2}?o§ nmeans i ncl udes Pigﬁt
ligldi ré&cte oigi mpansahsriociedes ng seflgbtobehavingnat least
b%ght source onto the surface, and directing a |ight
one RS T ected fromthe surface to a light
detector.36. An apparatus according to claim 35,
wherein the |ight directing nmeans includes a beam
38. hInetpd a7 daperppaLag ushacke?rHFhgnt 6fcRBi APBBTBFUS
j €} n Lohtdi hechbad-granssiAgh udes a
rel%ﬁhY%@?%réh%%F%%E%? Feast one a%er?ur% .538 . A et hod
ofidetreimatnimg the pusiécen of an apparatus relative
to_a surface,,the ne%hod coEprising' iIIuginagLng t he
su#?ﬂﬁb?gf%?n+ﬁﬁggno'nﬁgge uﬁefgﬁtEP% SHEEASSSur f ace:
Proighdondi £ skst agegdatiat s epegsepthogngacdiinegeye;
correcting said first inmage data to produce second
i negere@E By nsakfichitRe sP2geofiakaj BOi Rageurs second
ima&@réfféegntﬁhich the size of said image is corrected to
compensate for changes in distance between the image
forming means and the surface; and
comparing said second image data at different times to

determine changes in position of said apparatus relative to

sald surface.

39. A method according to claim 38, further comprising
directing light from the surface onto a plurality 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.

40. A method according to claim 39, further comprising
selecting second image data from a predetermined'said

optical detector.

41. A method according to any one of claims 38 to 40,
wherein the step of illuminating the surface comprises

illuminating the surface in a direction substantially at



conpensate for changes in distance between the image
form ng neans and the surface; and conparing said
waemon2siage data at different tines to det erPdTI6B2006/002713
changes in position of sagg apparatus relative to said
surface. 39. A nethod according to claim38, further

. conprising directing light fromthe surface onto

righj) mh%%&r st iSdeﬂifad‘eetreaftsJ} an%Fﬁd‘tléw tlolgg“rfovlf ected

tror it duPageala shen-dde o ShanaaRalyean dherigge
orm ng nmeans and the surface lies within a respective

anglreendecomiheA svetfaste according to claim39, further
conprising selecting second i nage data froma
predeterm ned said optical detector. 41. A nethod
according to any one of clains 3 8 to 40, wherein the
step of illumnating the surface conprises
illumnating the surface in a direction substantially
atright angles to the surface, and detecting |ight
reflected fromthe surface in a direction
substantially at right angles fromthe surface.



