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aperture. The advantage of using a beam having a small crds¥ovwser 880%ind
small angular i s aperture is that it reduces the probability of tla

measuri ng MAWRAEP bei ng i mpai red because the beam covers aﬁ%g ﬁ’cjloudl ng
mat eri al of varying thickness. However, this neans that the area Whl ch is
characterised is correspondingly small, .and that the nunmber of measurenents
necessary to cover a part| cul ar area thus increases correspondingly. In
practice this peans that HGbUhesuAhe carried
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a transmi t g ginfet GP@Ight setaseniihe nltsasonic ssgr@mleturm b;drqﬂ@@tsqronn% fresxthetial |y
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flight for ahh&eﬂ@itédaﬁtresbrm sipmdls propagate.c When measutiag thicknesusing y ltrasoypd| | i ng

unit effects its own positionin t he ai ,Hﬂg
structure. %&Fprdﬁﬁtaﬂi‘%i‘éi éﬁ&%ﬁﬁn Pﬁ?%&é‘gﬁor%“é’? g@?ﬂg ig’ftee gnal is
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in accordan SI nusol he sound waves are enjtted froma ~ s
transducer phictde thisanes thdteuvbameasummmm@l'ae goictresare\garTiod ouhat ¢ hi ckness
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nmeasuring ”%ﬂ%sr&ﬂﬂhﬁxdxﬂ%com&lb?mmﬂmd al so gives a single value for
the thickness of material at one point as a result of each individual

measur ement . 23 Patent Application No. 153029, |aid open by the Norwegian
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A reflected signal is received by a receiver, and thickness and material quality at the test




towards the point at which the wheel is in contact wth tHeNownarar®008 hat
is being inspected, whilst the wheel turns as the apparatus noves al ong the
surtace ofwohesmterial. The acoustic signal is coupled viagdmRoswentant ,

t hrough the annular rimand then via the conpact elastic tyre which is in
contact with the surface of the material of s the pipe that is to be

i nspected. The sensor is also provided 3ith one or nore el astic nenbranes

whi ch, for pressure equalising purposes) nerely serve to take up any
vari at i ongoim iv qhestionaty datermanedorcilie basis of thit sigpatogeher With PREEREFTE gas
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lowered. ThoSelRRASME Efcktd its)ompaﬁﬁbmF iveith the aid offiinosah, pokits &mtie seesme.i ng
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probe. It | herefore desirabl. ; i . .

Coarat b RS 37 gl i, bR PRI e SR gty i
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the area that can be covered by a measuring apparatus according to the
invention, it is necessary to nmake a controlled nunber of neasurenents
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sane ti.nme determ ne the position of each.individyally neasured. area.
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new net hod, whereby it .i i : - ieCTBRS f the
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00/ 73739 5 PCT/ NO0Q/ 00170Q Furtgﬁlno,re,.t e invention provides.a ﬁw
aut omat i c PYHFS pEFEIFERAtoNds WAL O the St _S&W&WB%QWFB‘HG%BF_ fnati on,
whi ch i s Sgbﬁﬁ@ki‘n i0d &%@écgh&sc”g hdlCarROB bégGiier@l tideaBion RimR gl & Whi ch
are subjected to"t P ckness |str|%ut| on neasurenents. A new measuring

syst em o spesifiedrcalcubhtion férimita wheratiylthe thicknessfimpterialahihg selerted tesh painat us

and said ne ositi.onj stem also in n . t

appar at us ebSVgl&EFﬂmt‘ﬁlda Atsrr}gﬁﬁ')éé’f evdwg;?%ge&;gggg# W%L‘%s{glg’lggnrr%h 9‘%‘-‘?‘% ﬁa\%ﬁ ?’%ﬁarﬁr@% uring
system it pRuRRSHoYifesd5ifEK 9alne firtht tackieeastiarEal & oné pbint akaessalt of
distribution in a material of a known object to be nmeasured, and to

col | ect, seaphdndinilupk measnrement neasuring results. ~o The invention will now
be explained in nore detail with the aid of exenplary enbodi nents with
‘reference to the attached drawi ngs, wherein: Fig. 1 is a block diagramof a
possi bl & ephegi Applicatibn N& Y S36I9, {20d opaabyi terNortwegianRatent Miffice,intakeson in a
mat eri al including posjtioning according to the.i nveinti on:; I.s Fi shows

n, | oy
a possi bl eknonyman imspection apParaiYs S0N YIraIRIGIN¥EsISaUoRS fﬂberWﬁ’égiaPm?gW tckness

distributign in ri i | L Ofthe AfpAratds SOMYIEs
exanpl es o&esquﬁ%fdgggéﬁgggdcae@ﬁ%ﬁ{eﬁh{gggg} ?H?%Eﬁgggﬁgf’ J'.striebuétpig](-)an rrpasurg?rent
accor di ng tolehdiDné BT inQhe foningf adwisdeb protierwlereiniableastone mitrasonicl y a dr awi ng

of a possible nmeasuring sensor 20 according to the inv nti.o% Eig.. 5.shows
i n sect i ontrensdueeris losated ima ghambpes dillsd agoughi,cqy Ld@?ﬁlﬂl e thg
sensor with pressur ' ko Lony: s BHAdiPnigBRWS i N
ect i onsbceftedbRpfs FARRIE WRENBL A Do dpdcr Bl 7 b rt Adi Bl ™ s ensor
having a swhetangidahhiasimi Theaapsductr srdoyptd aiside thowpedl melativerior thadody
according to the invention wherein_also th zeiggna .pﬁapa t.i on.oé. Aied

br oadband @(f,&wsmmcmmpaﬁtwn§ir@ﬁlé'|0ni"#’%eﬁb‘ IPES SIGRY GG Frtites 8F digecte
measuring sensor is




shown schematically; Fig. 7 shows in a possible enbodi nent4 Moveahera0e3
sensor according to the invention; Fig. 8 shows schematically the

geonet ri cakydas e ers for position determination using 30 thgmMmecidoiani Ng
system according to the invention; Fig. 9 shows a possible enbodi nent of a
measuring systemwith a plurality of sensors, operated by neans of a
renote-control transport unit. for thickagess 4 Novenber 2003 WO 00l 73739
6 distribution neasurenents according to the invention, PCT/N000/00170 The
present i nygadriOthelpoiritiat ahich the adeel isgn syrg8a witisthe anerial tharigbeieg 1 f or
measuring and stori ni; ositi?n-dete m ned data co cer@i)en %i stg{hlgution of
t hi ckness ofspaeiedrwhilst thegyhgel RiEpsasthe GRPITAYS (ROVET &'988 r%B 69°6F“one or
nore smal | er .t est . : ' ' idt. thifleH YRS annblar ritkBhd €
appar at use§m\&‘?ﬂasl'aIT?‘g g@stlgegggﬁg%@@%yiapﬂ% gi‘;npelzgg’ di stgri bution in _the

mat eri al ofhdnhda ey @aipatoelagticripreswhiet js intdontachpithites setace obtheunatagal of

br oadband acoustic sensors ada tq_g for the gur 0se anﬁjl havi_n reLag{jével y
| ar ge sur f kecpipe that !Stﬁé’Sé{!?I@Ctﬁad BIpRRE 1S ) ":W@"ﬁ‘ﬁ?‘&‘i& 8¢ BT 86 Y on i n
the materi al er#ber %ROhiElh‘Ffo?ﬁl‘EQﬁé @yavl\ﬁﬂ%{?@ﬂ;d},ﬁs}rﬂ&el@%ﬁve\wvﬁeﬁmanCe

| a

ener gy cont’™® nacousti c” si gnaTe re emtted fromthe object
subj ect ed tariak@sn eoknie whichesqywtsar incthb cosplaztod impessible gasprgseat in thai ch

are transmtted into the saiq object, the aforenentio ' . ei ng
recei ved arvtheel-shapad sensgr ?@g@&?h‘éﬂ S?‘B?‘PFWE}“&?’ W%W@ﬁ%@ﬁ%@?g}%@ﬁg%nd
acousti ¢ SGRaQi s valiaflordwhlh, MR beidriSedlbrTostedn dhipmeadirngi ng

C

system  whi positioning systemby neasuring differences in tinme-of flight
bet ween 1§ empparatusys theb linbtedpdteath measpming sequenge de dunpstigatp o8lyea wiy Hgitdgnal s

emtted fromrespectively teference stati t I d
posi ti ons &R ‘Pﬁsﬂ-g? F@“‘ﬁ'ﬁﬁh &““i‘s@ %&%ﬁgﬁ%fﬁ@ Réﬁgﬁa\%ﬁ\gﬁ%ﬂtp Pc%'ﬁag agg%ébt%i c
sensor, usifig hdhBEdIprotRl € base stations which receive the el ectromagnetic

and acoustic Zo positioning signals, conputes the positions of nobile units
wi thout requiring line-of sight between reference stations and nobile

units; 3) data coll.ect LL & 0 | ; % the
t hi ckness 3?& ?rﬁﬁ’{? Sﬁs%gpegmglrgg%/?‘éag%b&yé J{‘Egltog?gcrl gﬂmqa i%ﬁg(ﬁ%% &lijfgs f or
mﬁasuri ng tya dﬂtﬂﬂé&oxdgabgrigbiuidﬁarmemf érhmttdveeeladgcfrmm@'hml argwhichon dat;a of
the test points provide t he Zs afarenentjone osi t,i onj system 4) a
data transfeharagifrises eymplelghsan r‘famﬁgtﬂb‘cﬁfés #B‘Fgﬁéﬁ?‘f%#éedwh%qgf @Qllpecti ng
unit at | eagled Wferk Qhéi{ﬁﬂgﬂ% ie3ick oPiidifhl €ainpribésoiedshunictl R ed
apparatuses TOr neasurin tﬁl ckness distribution and the three-di mensi onal
posi tion dagraatef thah thetazed thavéantts doveredttiyer mesusing APPUARE apresdine o ey

system 30 5) a.database containing dat = d Skl Legt ed
t g measur e n’l‘}%‘i?“q%‘r 1133 ngcessary Qﬂbg\lfcc?gf?'&?ql\?\g g‘h& tgg{'@g@%ﬁg&&%&&ﬁ%@g r%lzé;?hgﬁ

di st ri bufi ogr BB aeH i §ERkiSn Aacbdasiovered] gl atwhs simectirhadereanine thapasition of
bei ng updated wth new data fromthe afore ntion?d d&ta 4 Noven‘nﬁr 2003
VO 001 7373%aekindigidoalliomeasured area. Possibilities for controlling the measurements wi

also be of importance for measurements of known objects to be measured, as repetition

of measurements during, é.g., periodic inspections, could be rendered considerably

more efficient by concentrating the measuﬁng activity in particular areas where earlier
25 measurements have revealed substantial occurrences of changes in the material. Control

of measurements on the basis of knowledge of the structure of the object to be measured

will also be desirable in order to be able to make a more correct interpretation of the

measuring results.

30 The present invention provides a new apparatus and a new method whereby it is

possible to make an all-over measurement of the thickness distribution in the material of

an object that is to be measured over a chosen continuous area of the said object.



7 collecting unit. In Figure 1 there is a schematic ill ust?bpyesmbesi2093
portabl'e enbodi ment of the invention wherein a handhel d sensor for

t hi'ckness @igsgorisiiet i on measurenments i s equi pped with a posi preMNI¥I00170
transducer and RF antenna, wherein these in turn are connected to a power
supply and el ectronic unit which the operator carries in his belt. Figure 2
illustrates a simlar systemand indicat®es a possible need for |ine-of

si ght between individual units in the system_ For control of the,

measur emenFathereraytiwsiovemipngyevidas aragw anEatis pogidieningsysemdor apid and
connected to the database, wherein.th g . dat a
io for conf¥BI4q %S%fﬂm ?ﬁ@gatbq%t%%h]t%isgﬁmr%g%u#@n"éﬁ?é?%ﬁ%%@ﬁ{b trfc%'% as

i nf or mat i ogr jrSoHiE@ I hRdubleclcdo RO distibatibR ATtasuskibntsha vl of t he
posi tioning system places the neasuring sensor in the correct position in
or der subspgssminggystomniaklsopreyided whishis additiepdnsaidpey reaginngapPRABENS For

measur enents, of . | arge .obj.ects such i I ip

whi ch i s i AR gy gPS}gP{lln&g&?tamgga@%&%&{%g‘b%ﬁg% §’°r’éet;;’?%{f’l‘e&h3§’8£n’§ﬁ°3§q

operati on Wi &fia Gendfer SAvSobRsing GRsteins dvithiwhish méasuriny sy it iepdssitde toni th a
control | abl e submarine vessel as shown in Fig. 4. The nmeasuring system
accor di ng mmake pentialled measwreients qfithigkngss distrilytiondn 3 maigral ! aéa%waﬁleam e
propul sion, unit which recei | serves as a
propul si on“ﬂ?ﬁ ‘Pe?%"e?o%gf%éeo\{%é%é{}?? %@ﬁ%ﬁé%??@%%ggg%gn%bj ect that is to
be neasured in order to carry out thickness 20 distribution neasurenents in

accordance Wth the control data it receives, Figure, hows. a system
havi ng & cdhe inyenten Wilbﬁﬂ‘f"éle&ﬁpﬁ‘ﬂﬂqd IDMUR dﬁ%‘Ué’%‘ﬂh&Slan%qs‘?"FVpW sensors for

t hi ckness di | [ g&gﬁ MR8 RreihBs. fHekghent |y and rel atively
qui ckly cagmgg’%\lr}l%g{eg‘g%hrrp et g&g{c@gégge of 5 I a Sge teest area. The illustrated
array is i fji.daisesblacipdiagtdm of 2 pbssibleembodiment piwsystens fafmeashang s, wher ei n

the rows are offset approxinmately half.a sepnsor w.dth rel at.iv one
anot her to gi vetHckEsy g‘iSW @’r‘&X&a?%%FWCZ‘b[B?%BQ&AOW%§%ﬁ°r%Pg gor%‘gul si on
unit which for n&@fqﬁéﬁ. of the measuring system according to the invention
can al so be controlled using a tel evision camera which by transm tting

pi ct ur ess t Fig2 chevsa pesstdacwbedisrenpefiemanppally eneraied systanfRraNeASUNHRg or to 30
nmoni tor the progr.ess_anpd. tak Lr i is ssary. Via an
oper at or consol gt,“aﬂ?ﬁ gxs&bugﬁggx?g r?gaq%ﬁgggf@@%gg}e 1@\6%51 l'ing the

neasur enentrgg. FERHEWS dxamplés Mfuigidh esquaic:3 difing GliFiBkKSs disBibtiig0o/ 00170
Sensor arrays in other patterns and enbodi nents will also be suitable for
measuri ngnent ofMeIBYTERIER! 26501diRg 10 W8 IRVEAUORegr ee of surface curvature, in
particul ar pa tsh i Egﬁé ks i headuriabjséfdop such as,
for exanpl g\{\é(ﬁ P@%‘y%?’\_,%%ﬁ?n ri g{;‘?le%%%%?%mﬁg?{aﬁé%ﬁ%s pl acgd on the

peri pheny of a accardingao tlenineentionded helix will allow s continuous

f h. obj . Such . i d
i ough & i sAEvD totop sebemiyoBan wapy AL OO i ORI R Rkl C

transport devi Cgenddy wiltditessife doMroPAofdih@ictie iehtion; a fluid or in another
manner. The present invention al so i)rovi des a_nethod for al]-over

measur ementFigf6 tshews in sekties schematicaliy 3 giamingof #n alisaativedopssible meagiings ect

to be nmeasured over chasen ¢ I -al. (o i it
includes: 1) géﬁ%ﬁ"éﬁi’%gﬁﬂﬁgﬂ%‘gWﬁ‘é@? g‘?@%q&ggijlﬁg ltz)altg icgﬁﬁg}glgrﬂgjng%i ch

i ncl ude £ equenGicsraingan ehy mvitidl whérbie dlssthe aigaal propapation bba braajiband
converting aforenmentioned broadband el eﬁaSri CE| .excitation si gnal s into
broadband ~s acdeeustic exrigtiansignsy in 2 pessihle emRRAimsat ok HMERWHPE SERSET Br oadband
acoustic signal s,intq hect to be measured; 4) receiving acoustic
response signal sShgwpgf%egﬁq‘“r g’rﬁ?’t he object to be nmeasured in response to the
af or ement i oFigdy tshaws i 4 peskitle embodinttnaa huarsdhietd engoradcsording to the invention;

Fig. 8 shows schematically the geometrical parameters for position determination using
30 the positioning system according to the invention; |
Fig. 9 shows a possible embodiment of a measuring system with a plurality of sensors,

operated by means of a remote-control transport unit, for thickness



Xxo 5) converting the aforenentioned acoustic response S|gﬁ%N9W%W¥¥@QQ3by
the said object into electrical receiver signals; 6) conditioning the

af or ement i WOeA/73B8ei ver signals; 7) anal ysing said conditi oR@BNP8Y1YEr
signals to derive spectral distribution of the signal energy in the

af orenenti oned conditioned receiver sigpals; is 8) conmputing thickness
di stribution on the basis of the half ve resonance content in the

oo et | oned SBRRUAM mE Al BOEAIeRTE Of Lhe measuring

results for su I exanpl e, for planning and
carrying out later simlar investigations, the rret hod coul d al so include so
registration of the results of the thi ckness distri butEJ ut ati.ons.

Fur t her norRhe presembinvbrticprobisics amawrngaﬁélswﬁ‘eﬁlsa%@?”ndf’ Y g CRYTH8 gi ven

22 alrrprr}*rgm o F%qg[eﬁig St a | Oc{'eﬁOf ;[degqe d&&ﬁ#@#ﬂ% aﬁﬁ'fﬂuﬁlﬁn 'o?tlf?élg'ﬁ‘:ﬁ n%ﬂnatteﬂﬁl

result

00/ 73739 Qe F;ﬁdﬁ@ﬂ%ﬁk%ms @fcat @orﬂﬁ&kﬂl@f ahe Oﬂmereasmallma&suamas rcha;acueasbdl n
consequence of the results obtained, and the nmethod could therefore al so

i ncl ude a intlep if includess presentation of the results wth associated

DO O SRR AL il o Ay HRANE B drafc ROl lion T heipsal | o1

of broadb 'S R one wth the aid of an electronic

signal gengnpd gbjest fMHeGﬁba@&édb@hﬁ:ﬁfapﬁﬂatum byautstlbeo@bgmhhcdusmcmmsm gnal
strength, preferably by neans of a contro] unit_which nonitors th

reflected aziagwdlfor theurposprad baving rlatyiel laggegurfage cowerInsasEs °§8&P“é°s
fol | ows: S*p Cisk 8 sgﬁﬂtéhgﬁ]ﬂle dJn 18 WehedtR) tﬁergeﬂsé}s BY AR siaf tRRdf-whee

exci t atif on"p excltation pul se”may have any formthat
has a freoussiance eﬁﬁrgylt:oment\nh lacmsoosgnslswmcbmlmﬁed frquethe pbiegthge i n

uestion; exanples of pulse forns |n n [ X rPhi nsi ent and
\?\hl te noi s%lbjecﬁrtﬁ%etodﬂ?aétlﬁ%m?“b?n TQW?W r\‘?f“ fi ég%ﬁt&cg{q%gh lgél%l s adj ust ed
so that it ?’rﬁg@?irﬁb HeSalEstgedt h aﬂ&néﬁfdr@ﬁk%@a&lﬁﬂ@ reééiﬁﬁtmﬂs e) fromthe

obj ect subj ec 0 neasurenment; I s the tinme interval between each
excitati ontrmhmaedhaspmﬁnlydo:}aqhteﬁarsmemmd foegadband acoyslic EENsPISim t he

t t has fall b I
i vi dval 2 agomaiedpieerifenit edifyne st PAERppSLERE BT |

until the pRUGHditBRnédfih @ﬁsee@r-mgaﬂsétwhastmmmgdremabdemmagam andZo
t he characterlstlc paranmeters for the pulse. are controlled géca;%oatware in
t he cont r ohcomsii¢ posmmypg signals emitsed @@n#ﬂﬁﬁﬁ“’eﬂﬁﬁ efence HARIRS pr ocessed

by the met ho ﬁ?f@fr&e c;:{&giu{)ﬂs LPmbBYE ds%s @%ﬁhﬁé afotdhéritRfedicdusli¢ OVs:

the signal P tWO mal n par ectlon and a tail; Zs the.
primary re%&rﬁ@i ln@ﬁxgﬂﬁl&ﬁﬁednaueiiaseastatlmmlaclnmcnwﬂ rhlllﬁyelﬂﬂwmﬁlétl@énd/\#ﬂwcdo not

20  positioning signals, computes the positions of mobile units without requiring line-of-
sight between reference stations and mobile units;
3) a data collecting unit for collecting and processing at least the thickness distribution
data provided by the aforementioned apparatuses for measuring thickness distribution
and the three-dimensional position data of the test points provided by the

25 aforementioned positioning system; '
4) a data transfer unit for transferring to the aforementioned data collecting unit at least
the thickness distribution data from the aforementioned apparatuses for measuring
thickness distribution and the three-dimensional position data of the test points from the
aforementioned positioning system;

30 5)a database containing data relating to the object subjected to measurement for at least
applicatioh when carrying out thickness distribution measurements and positioning,

which database is capable of being updated with new data from the aforementioned data



refl ect the half wave resonance in the object that i's to HeNaemhar@do3 the
tail contains mainly frequencies which do reflect the half wave
resonance( 3o égmatdve object that is to be neasured; both pripggmNodoRbl7aCti on
and the tail can be used in conputing thickness and so thickness
distribution; the software which controls the analysis and conputation
deternmines, on the basis of given criteria. which pans of the reflected
signal and tail are to be given 4 Novenber 2003 WD 001 73739

PCT/ NO0O/ owilgetingunibpor t ance in the conputati on of mean thickness and

t hi ckness distribution of the object that is to be neasured; the power
content of the part of the reflected signal which it is desirable to use

for the thinghpees ®ernyh alicathticslladapios df agortable Frbodinang of grdaveitionhe AD
converters by controlling emtted power and/or adjusting the anplification

of the receherein a hadheldisersos foprthicknessifistibutiomumeasuFsentoisequipped Widit  of
th tent of th i gnal.. QAL | i
Che POV T Bl el Rk PO TR ol LB OAE" (o

di stri but i gppBosAakledtioait wcwhiel tieepuratof caries imhisrbelnobigancdiltiistrgtes @ t he
i nvention may include the follow n '

! he - FTT (Fast_Fouyrier Transform. i.s
taken of tyimilgasystesn a@c}]@dr%fq'o‘@dwéagkei nged o ing-of-gight e%@rlﬁ%ﬂﬁ“@[ﬂ%}?é“i n

t he thickngs Lon: 3 L S; d
uni on 1 of 1SR SYEE FoRborthl of R SREhsifenicals, (ROEBARHAY PAGE Y RLFIRIR. oy
f requency; control Uhie comee@y t6 freadatababe, whereinuhdeontrol uptpdacesreontrobdatged t o

give a better estimte of the dynam c properti of the object to be
measur ed; for gantgpltipg thicknsss ﬁi'ﬁ'i‘ﬁ%PEWm E’SB‘SO ﬁ%“tf‘gt‘%@r#‘?té‘ﬂh'éncy

charact eri ghil6ifikg idhe ﬁgéﬁ@rr whoRRSE dift e tadd i)Pth@?Béiff@ﬂiﬂé spdtethNSlafar@l 1 sed
energy spectruny the nean trequency (Tm, |ower requeg;i/( (fn) .and upper
frequency meaguringeefsouimithe Zorreds positionrin ohdss subsequently de £ @ spedfijaenci es and

the sound velocity in.the object_that is to be asyred, t aracteristic
t hi ckness e%‘_cﬁst“r‘flﬁé“_é)gj & Vet e?'oﬁ?fd'?‘east“ﬁeén?%gf ﬂgfére i Olrgjé%cgsrrsé’gﬁ %f’ﬁf?)rc kness and
thi ckness giasigik RHE hiioPa sHip vHeH RGh thdwhtek, 5t Would®emdaaitagedusio fepracar ea in
guestions by neans of energy considerations .12 ~ Tj~Ea~,, ~ E=~jog( f
) dAdf ti15 manual operation which could have been carried out by, for example, a diver with a

controllable submarine vessel as shown in Fig. 4. The measuring system according to

the invention will then also include a mobile, controllable propulsion unit which

receives the control data and which serves as a propulsion unit to move the measuring

sensors across the object that is to be measured in order to carry out thickness

20 distribution measurements in accordance with the control data it receives.

Figure 9 shows a system having a controlled propulsion unit which moves a plurality of
sensors for thickness distribution measurements which both efficiently and relatively
quickly can provide complete coverage of a large test area. The illustrated array

25 indicates a possible embodiment with two rows of sensors, wherein the rows are offset
approximately half a sensor width relative to one another to give a certain degree of
overlapping. A vessel or propulsion unit which forms a part of the measuring system
according to the invention can also be controlled using a television camera which by
transmitting pictures to an operator console or panel will allow a remote operator to -

30 monitor the progress and take corrective measures if necessary. Via an operator

console, there is also the possibility of controlling the measurements manually.



t he phase in the response signal is optionally anal ysed i i Hovgmbert2008 with
energy considerations, or alone, to further enhance the nmeasurenents. 30
The inventi provides an apparatus for carrying out akl-(ay,

measur enentva(gf()@%%?gckness distribution in the material of an obj e@{omtogobe
measured over a chosen 4 Novenber 2003 WD 00/73739 |11 continuous area,
characterised in that it conprises: PCT/§NO00J00170 1 ) a signal generator
for generating broadband, electrical excitation signals; 2) a broadband
sensor havg&gonirrdy@as biteapattdranastanbodiments ovill aisoi begsuishbletfor maksugsruéntat i on

signals into acoustic excitation signals, transmtti ng‘\l}acou'ﬁtic excitation

signal s, sofaehjeityhaiinge yaeingdegs age GHUREIS HYPHBANET VRS e iRt i ¢

response si %f{#%ggﬂ%,%g%' gﬁrgd:n%gﬂn%qjsaﬂyc%s, 08 BRriple DircRl QGRARLA PifERANS

for condit e ySis of electrical receiver signals: 4) a
cal cul at i ngheRaREsdrOplacel enihatperighety Hf nichotei avan ektended helbswilballowt er i al on

the basis io of spectral analysis results; S%qa control neans Bglebratively
connect ed cantinuons MRFUEBAETHHPT FUGHOBCS. SHCA STISPHATASIAPCEONCERRLG e
processi ng_nea nd. cal ' : | {6 ; he
oo ur omon PP et REOUEPRFithels (P L 8] mealPOr FMAEDAY o BT SSPUIIE uhort
nmeans conngg¥iesl byanéank df terressiire/mareat afalfluidlor in andthey mannes. A i s nunber of
di fferent devices may conceivably be used for storage of the results, such
as magnetic tape recorders, conputer diskettes, sem -conductor based nass

storage, di iSRGIN i FPedl1-BdrthediietnenP R thigkss and
the |ike. T@ggﬁts%&/ 0 sé@@gﬁoﬁoﬁgé’fﬁg}e&ggul ts bé,r f%r exzfrrpl‘e, anl ope?ator

or an i pspdistbutionlie tieppateriald anidbjecatosioe ma ven ehasen gORENUONS Areghit put
means connected to the cont r]ol means and the 2o cal cul ating neans for
pr ocessi ng Ch¥acterieeddn that 'gRClYdeS he conput ed thi ckness distribution. The

out put devgf‘;j;r%nm{i §oRAbid dakiea baciiudhsidlsnatich Riudelfesquenal e, be
paper - base Inters, gl splay screens having either colour or nonochrone
r epr oduct i compbnéentewithinthel test arpa tryguestiofe pl asma type, the liquid crystal

(LCD) type.or the.like. 2s Excjtationt - S s fihed db of
such whi ch 23 F%n‘?ﬁti“f%%‘g%e’?e&m?%deér Eéll%a%g & ﬁeaﬁg'?/&g S étﬁggﬁ‘ g‘é g%rlg il%egi r%i/ tgﬁg
fol l owi RY: achiicisigamisducer el ements can either transmt or receive or both
transmt and receive; . . . . .

3) transmitting the aforementioned broadband acoustic signals into the object to be

measured;

4) receiving acoustic response signals emitted from the object to be measured in

response to the aforementioned transmitted broadband acoustic signals;

20 5) converting the aforementioned acoustic response signals emitted by the said object

into electrical receiver signals;

6) conditioning the aforementioned receiver signals;

7) analysing said conditioned receiver signals to derive spectral distribution of the

signal energy in the aforementioned conditioned receiver signals;

25 8) computing thickness distribution on the basis of the half-wave resonance content in

the aforementioned spectral distribution.

For the storage of the measuring results for subsequent processing or, for example, for

planning and carrying out later similar investigations, the method could also include
30 registration of the results of the thickness distribution computations. Furthermore, it

may be appropriate for an operator or inspector to be given an immediate presentation

of the measuring results in order to, for example. either monitor the quality of the results



if desirable, the choice may be made to transmit on sel ectebovarabas083and
receive on 30 other elenents; the excitation pulse can be transnmtted to
all the el seew=s7®i mul t aneously or only to sel ected el ement socr/nabodivgnber
2003 WO 00/ 73739 PCT/1Y000/00170 12 the configuration of excitation
transducers can be controlled by neans of the software in the control
means. The invention al so provides an adoustic sensor for transmtting and
receiving acoustic s signals for measuring the thickness of pater, al

char act er i @dd decide henceany medagures reguired Hsennsequease ehibe yesults ohinsde nor e
br oadband transducer | aged N - j [ . r [ whi ch
essenti al I‘}tl?e i"keﬁ?q “‘r°é‘§d %e{eﬁorée aésgulgflgggg\%\kpgﬂp@éIPE%F?%B@SH?%F rgﬁ%%ls“? ?]c wave
propagat i OfisodMhted Broeeafl fo PrsseRatioind@ashaiSuitétsle thedetbi. "Ehke getlepationfofr
acoustic signals, in which sensor housi n% t he af grenenti gned transducer
assenbl y ikroadtmng lexeitationsignalsamanbedonenuith Bieid oban plgatreptic sigaal generator

af orenenti oped out put,,. wherej n,.tk or e Il
arranged aff ‘Cgﬁ%ﬁgaettfﬂ%?’n %\%%aﬁ ]setgl?gn "‘Z?"g‘tr?a@r%%ﬁﬁ‘tl ? {g%ﬁét &ﬁ]‘gfgg%?ﬂ)ﬁ %\2}? %?J%I
t ransducer ; géfirod GAR AGAdER oMitersttherefioctpd sighaldi A switdbje &xeitatien sighglwan bt t he

sensor housing so that the acoustic waves essentially uniformy illumnate
t he out putcmﬂs%ﬂsﬁﬁwséati ons where the object that is to be neasured

i b dj 1. qui.d ~ : f | uj ich itabl th
oropagnt | o bbb e 9 Qi LA Lo Ghckd RUARR ke (1
seawater, t e%hd?ﬁdﬁﬂ%%i&@ioh'ﬁlsehgh? KB 2Ry féiaiGiatBas Sfréquehefcomtédt t he

liquid or fluid prior to the start t he measuring procedure. |n order,
inter aloi a, twhich eiers the satieoitequaneit rBAgECJUESionii | | be desirable to have

t he sensor housing filled.at all, tine i t.h_a e C t..such as, for
exanpl e, plr §x96HPgF ,°¥B“l§%f9mﬁrl ‘8]"‘,56 o1 x))é)‘mr &}J{FP’?%H éﬁ%%ﬁ%@ﬁ tém%ijbstance, and
the sensor 4 hqysiigtibs of SRR iABYRIASe It ASHUISET htifftedlso Whdt iodaB doequi pped
with a nore or less flexible or pliable nmenbrane over the output area of

t he sensor hdnteiferg with theraflected signali(respensebirpmdhe objeck sbiestedddr from t he
surroundi ng nedi um F%Epr essure-tight sensor configuration equipped with a
flexible or gRYaBI*Renbr ane, as shown in Figs. ~ 5, 6 or 7) is suitable
for cargyi 9 (RAtiMEBREHAEBEReEn @4chl excREjchChifiseits beem hdapted sosthnveflgeted i n a
medi um whi ch per se produces coupling of acoustic signals. The necessary
coupling to @w@bpl@cﬁn@w@hn@paupmgelwwm lexel:by pressing the out put

side of the sensor agajnst -0h] g r . tabl. essure
So that the oo pare o Phin bof TRl pdetf oRRY, el sl Eal <L
obj ect and i switkingiveallimitounilake powdrtie tinhiefledted sighal e asachedia desitedut  t he
use of a couplant. To 30 ensure good adaptation of the menbrane surface to
t he obj ect t devd; neasured, a sensor filled with a Ii qui d or gel ati nous
coupl ant coul i i W he

o eosar® of e ChBfsf s BaaRAC th e BuRE BRI oLTEy SAEeIRMC @nfrol
Novenber 2003un¥D 001 73739 PCT/ NOOO/ 00170 13 pressure exerted between the

sensor and the, object {o be asured. . One enbodi t that .is suyitable for
this pur poéetypléf"‘?‘]slﬁgﬁfﬁc‘ii sigpalghatgs regaived a{“ﬁBroé?E?f'ggﬁﬁ%ﬁﬁ%diagcﬁﬁwg%weso
that a fi r?ﬁveﬂﬂ?r&céﬂ‘ﬂe%afd&férﬁg@ﬁs foMewRut put area is arranged so as to be
noveabl e and 'w sealing in a piston-like manner in relation to the second

part of the sthesignaltonsisisgftwe maimpdrts; Aecfinciss andaictaibbhe i nterior of the

sensor housing is adjusted by the_reaction, force f{romthe gﬁ\gﬁi‘e abl y
st at i on2¥ y *obihe primapy Kieekionéanes fipandgentains mainfy,irequencies, dOthousi ng

rests agai nStrehg@t tﬁ@t:eﬂf-%b??és Alide i e DRFRP haPRIth BefmdabiGredensor housing is
pressed in the direction o tﬁe iject. ntrol of the pressure of the
coupl ant agai fsktdilh @ontakEinsinl famendicowhiehabotraflex dhd elvaee resanancespr
exanpl e, by nmeans of an additional i0 device which creates pressure in the
coupl ant , sucmlh%()@e@éhﬁtﬁ%ﬁqléﬂ)méasﬂtﬁ% or pressurised container connected to

th h ing, which opt] | y. i .nt
devi ce whitcnbab R 0o PELARIRE T Rin B D0cd ' SRAREMBRTRREDT |

that is,fo begjgassddribmsbd; her eby adjusts the pressure in the coupl ant
correspondi ngly. Advant ageous enbodi nents of a sensor according to the
i nvention -s thasofivare whick bentends theianalysippnd pemputationdeigrmings endbsbasis ¢fay be

bui | t f a plurality af. t ts_whi ist of, e.g.,
coram o or  pi 896 Pt wED Badne e fon e ealiah BRcBRUNA 7 ©
S/ N4597002; -




t he transducer el enents may have the sanme geonetric focusochNovemiodsj2008 t o
be zo neasured; the transducer elenents nmay be divided into several groups
having th roperties (sane test area for thickness),

groups toggiﬂﬁﬁygaver the entire neasuring range of the senigFﬁnﬁ@ﬂQHE
transducer elements in each group can radi ate the object to be neasured
fromzs different positions in space; tjge transducer elenents can both
transmt excitation pulses and register reflected energy; the energy can
be transmi ttgd,Bainean tw@ontgs@ﬂ&qp&ﬁhe@i fienES Addhickeese Bjsesbution dfthe
measured via a waveguil de; 3 t he transducer el ements may have overl appi ng
frequency r anpist tHanisstofbemodasuredvant ageous enbodi ment as shows in Figures

4. ~ or 6, the transducer 4 Nov er 2003 WO 00l 73739 14 PCT/ NOQOQ100170
Rssenbly |8 pReBHRANLGN O Uis PR IRECETAteA SAPRLHICE I P ghEirARIR o ¢ he
sensor housi fRNRedsped fo fRmBMulift fdnge SEMe AU Dtenvdrites
wherein. the pg??‘tc%ﬁggn%%ﬁé\ﬁuv% chis %ef’i ned by thltliag s_e%s_or housi ng,
transduger assecdakpllapcemitted powessmlion adjkstingithe amplifi¢ation @f e teceivededi um
suitable for aﬁous(i:i,c ave propagation, whilst the second chanber s i's an
air chanber JEHeHet 88 Ye used for other purposes, such as, for exanple,

ocation of GheGlh Giiriedbu afiistriét 3 HieTRver comRAr GHhOEIEBRASIdMAFbY he

like. Wien ta§| ng nmeasurements of an object which is submerged ina fluid,
where the fl uiwtormhaticsetritmbkiroagh thesoftplarniaptorangingnbr ane i n t he signal

out put area_ can be omtted, ,and the fil.li .of the first chanber w t he
FIud aq cdhpmieas pragessmgrang e nekners isih oo TiadE By Pngbe e '

submer ggd [Rifeachbiick 1ol hRHASS ki) ikIEge deavlidlomgn system for automatic
t hree-dinensional positioning 1n a uhiformacoustic signal propagation

medi um wher eFTIT (Rt FouderrTransform) isnaken df she parnefthe s¢figetedisigned that ithe
posi tioning object and the si.tioning ref.erence points, is characterised
in that it indgsialletoysy maﬂ’gﬁ%%lgles%ﬁ%g ‘étﬁé?rénce station unit which includes

a control nQeaps.gh F‘an?)é e@f}g)é tﬁé'éb?ﬂu}iﬂs thheEWRith TONRE @k lefierly €0aleRt inahe

| east one transmtter f omagnetic signals, and at |east one
acousti ¢ tr ansficttedsignahaschfuactersof frequene¥ini tter is located in a

det ined first ition, Z | t ! ' J: bi |
Uit | nél udasti coemisgReiR e o abes 2 pusic e QU lRY o B¢ Ebbuer Rile B ©
signals, at 'ﬂé%hm%?c BropEsiE bf @k obfict &) Bekeaspemiet i ¢ signal s and at | east
a

one acoustic transmtter, which acoustic transmtter is |ocated in a second
position; 3) tie dnerpytspecteurhisworstaisécon theitotal frequeady charactenisticopftlagssenserh

whi ch base station unif is neasyr.es and,.conputes its 0 osi td on and t hat
of the mobi cbaieAon St FRIARE O} the AArRAli s ePetay-sreg oy e Hipgt fredlleddy
(fm), lower frequency (fn) and upper frequency (fo) are found;
20 o based on these characteristic frequencies and the sound velocity in the object that is
to be measured, the characteristic thicknesses of the object are found,;

e the method finds mean thickness and thickness distribution of the object that is to be

measured at the area in questions by means of energy considerations

f24

s Tyewy ~E= | [g()dAdf
N

e the phase in the response signal is optionally analysed in conjunction with energy

considerations, or alone, to further enhance the measurements.

30 The invention also provides an apparatus for carrying out all-over measurement of

thickness distribution in the material of an object to be measured over a chosen



at |east one control neans for at |east controlling the trNeynzerga0%t
control signals; at |east one electronmagnetic signal transmtter; 30 at

| east one @laplifgvagnetic signal receiver |located on a predg&gmq(,%g”o

|l ocation site relative to the aforenentioned third position; at |east three
acoustic receivers wherein respectively each such acoustic receiver 4
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connect i onsPLEYRES nidafs ¥acratitty coljekicd4s) for Md conftbl theRoB ¥BIdXPnaPsuree, mor e
of the systens base units and nobile units include inertial navigational
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20 calculating means for processing and presentation of the computed thickness

distribution. The output devices which are suitable for this purpose may, for example,
be paper-based printers, display screens having either colour or monochrome
reproduction of the cathode-ray type, the plasma type, the liquid crystal (LCD) type or
the like. ' '

25

Excitation transducers and configurations of such which are suitable for the purpose

may also be described by the following:

o the transducer elements can either transmit or receive or both transmit and receive;

e if desirable, the choice may be made to transmit on selected elements and receive on
30 other elements; |

e the excitation pulse can be transmitted to all the elements simultaneously or only to

selected elements;



sensor head on which is nmounted a nobile positioning unit 4hiovembes 2083 pe
position determ ned. When pressure is applied to the button, the nobile
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excitation signal t ds the abj ; bl ' si gnal
om {1 od by FHEagpped P orkdor e dfekiulé LRIkl Ea%ﬁ%’g%?idé@éﬁ?@%f
excitation i blskpigate fife ingarusiuplant efSthe sersos e suiroureling r om t he
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distributiop of t0esSheWRin BIE! £%5, 6or 7N saRAlE FortaRTidgRGiR nichstofeals of
25 objects which are not submerged in a medium which per se produces coupling of
acoustic signals. The necessary coupling to a «dry» object of this kind is obtained by
pressing the output side of the sensor against the object to be measured at suitable
pressure so that the surface of the output area is adapted to the surface of the object and
is thus well coupled to the object to be measured without the use of a couplant. To
30 ensure good adaptation of the membrane surface to the object to be measured, a sensor
filled with a liquid or gelatinous couplant could also be equipped with a pressure pump

which controls the pressure of the couplant against the membrane relative to the
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cl ai ms, ¢ Kdevice which qreates pressyresinghe couplantt suchas reenupllable PUMBET exci t ati on
signal is a sin.(x)/ Lr | . s ' | | av . The
met hod of gﬁifs%%égf) I)l(tfl ﬁ]rél’r ﬁ?@&%%ggét}fé}%@r h\gﬂﬂhé %gﬁ ?p?ér%rﬂ? Ir|1aysaﬁ§31c§5d I n
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pul se excitation signal not interferes with acoustic.response signals

o Lt ed by obirest e 15de be psamed pLSTaRY ISR PTASTRIS P EOMEIaYR

measur eme ntcoﬂgs&%gﬁﬁ\ggf? S&d@nﬁ?%%mim@n& A€ a IBARF hédordlhg atHRh@MtiohO be
measured over chosen continuous area, c har ac t ari sadi n that
it conpni sean alRe bA chargctatisqggidnycthafalowing: gener ati ng broadband, el ectri cal

excitation o g'xgasler?s;or may be built up of a plurality of transducer elements which may consist

of, e.g., ceramic or piezo films. An example of a transducer is Reson BAS-S,
S/N4597002;
¢ the transducer elements may have the same geometric focuson the object to be
20 measured;

o the transducer elements may be divided into several groups having the same
properties (same test area for thickness), so that the groups together cover the entire
measuring range of thé SEensor; |

o the transducer elements in each group can radiate the object to be measured from

2 different positions in space;

o the transducer elements can both transmit excitation pulses and register reflected
energy;

e the energy can be transmitted between the transducer elements and the object to be
measured via a waveguide;

30 o the transducer elements may have overlapping frequency ranges.

In a further advantageous embodiment as shows in Figures 4, 5 or 6, the transducer
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base station includes:

at least one control means for at least controlling the transmission of control
signals;
at least one electromagnetic signal transmitter;

30 at least one electromagnetic signal receiver located on a predetermined
location site relative to the aforementioned third position;

at least three acoustic receivers wherein respectively each such acoustic receiver
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electromagnetic signal and acoustic signal are received by respectively the base station
electromagnetic receiver and acoustic receivers, whereby, on measuring difference in
time-of-flight between the electromagnetic received signal and acoustic received
signals, the bases station computes its own aforementioned third position and the

1s aforementioned first position of each mobile unit. In an advantageous embodiment
which allows positioning in relatively shorter periods of time without there being a
positioning signal connection between the various individual units of the system, one or
more of the systems base units and mobile units include inertial navigational means.
Examples of inertial navigational means for this purpose are mechanical gyros, laser

20 gyros of the fibre optical or ring laser type, multiaxial accelerometers and the like. The
system may also be combined with other systems, such as, for example, satellite-based

navigation systems, to extend its coverage area where such other systems are available.

‘Fig. 8 shows schematically the parameters which are included in the geometry of a
25 system according to the invention for determining positions. The relative positions p’,
10’, and r1’ are determined relative to the coordinate system X’, Y’ of the base station,

and combined to give the position P relative to the coordinate system X,Y.

A positioning sequence can be initiated as required in, for example, a system
30 configuration as shown in Fig. 2, by an operator pressing a button on a measuring
_sensor head on which is mounted a mobile positioning unit which is to be position-

determined. When pressure is applied to the button, the mobile unit P transmits by
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S @?&S/TETI? %nghéﬂ Er?:idgfg& Yip ity mﬁ’fli)dexﬁ a-signall @th&refyrence station characterised
4 RO whlch(IZl its turn than(szmt-ls- %chggswg%% rgsp%n%eo % tﬁ‘e chweg(ﬁl&ﬂgl)xal,
‘10 whereupon the base station collects these acoustic signals during a particular period of
time and computes the position of the reference station RO relative to its own. By
combining these three relative positions the position of the mobile unit is then
computed, and the position data is subsequently transmitted together with a time stamp
via the RF modem to the mobile unit P which in turn relays the position data for storage

15 and/or display together with other measuring data.

In an alternative embodiment for the use of the positioning system according to the
invention in environments which are not suitable for the use of RF modems, optical
modems which use the part of the electromagnetic spectrum which is in or close to the
20 visible range will be used. Such optical modems will be suitable when using the
positioning system in, for example, water, or in other environments where conditions
may be unfavourable for radio waves owing to, for example, powerful reflections,

attenuation or radio frequency noise.

25 Besides transferring its own control data and position data, the positioning system
according to the invention may also include transmission facilities and storage facilities

for data relating to thickness distribution measurements according to the invention.
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15 conditioning the receive signals,
processing the conditioned receive signal to derive the spectral distribution of the signal
energy in the conditioned receive signal,
characterised in that the method further comprises:
Estimating the thickness distribution in the selected area of the object on basis of the
20 half wave resonance content of the signal energy spectral distribution of the conditioned

receive signal.

2.
The method of claim 1, characterised in that the processing step includes

25 idenfifying two main parts of the receive signal as being a reflection part and a tail part,
respectively, and that parts of the spectral distribution of the signal energy of the
conditioned receive signal which can be referred to a respective main part are weighted
differently from parts which can be referred to a different respective main part when
estimating the thickness distribution.

30
3.

The method of any one of the previous claims, characterised in that
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I USFT #1096 "I8ie(method Gal8hCh! Eh@ausl ¢ ) e pi 8rd 0%&kh (thatestimating the thickness

distribution in the selected area includes normalising the energy spectrum on the total
frequency characteristic of a transducer employed for converting the broadband electric
pulse excitation signal to the broadband acoustic pulse excitation signal, and
integrating the normalised energy spectrum over the selected area of the object and a

10 frequency range corresponding to the current thickness measurement range.

5.
The method of any one of the previous claims, characterised in thatthe
broadband pulse excitation signal is a sin (x)/x chirp, transient or white noise signal.

15
6.
The method of any one of the previous claims, characterised in thatthe
duration of the pulse excitation signal is adapted such that the pulse excitation signal not
interferes with acoustic response signals emitted by the object.

20
7.
An apparatus for carrying out all-over measurement of thickness distribution in the
material of an object to be measured over a chosen continuous area, charac—
terised in thatit comprises:

25 A signal generator for generating broadband, electrical excitation signals;
a broadband sensor having at least one transducer for converting electrical excitation
signals into acoustic excitation signals, transmitting acoustic excitation signals,
receiving acoustic response signals and converting acoustic response signals into
electrical receiver signals;

30 aprocessing means for conditioning and spectral analysis of electrical receiver signals;
a calculating means for calculating thickness distribution on the basis of spectral

analysis results;
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9. '

10 An apparatus as disclosedinclaim 7,characterised in thatitalso includesa
data output device functionally connected to said control means and calculating means

for processing and presentation of the computed thickness distribution.
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