5 METHOD FOR SCANNI NG AND ANALYZI NG A THREE- DI MENSI ONAL STRUCTURE. 10 The
present invention relates to a nethod for scanning and anal yzing a

t hree-di nensi onal structure by suitable pnacessing signals representing of
waves, notably ultrasonic waves reflected or transmtted by said three-

di mensi onal structure. It notably, but not exclusively applies to the making
of devices such as 15 ultrasonic scanners, devices for non-destructive
testing of objects, sonars, or even radars. Conventional devices of this
type usually invol ve em ssion neans which emt an incident wave into the
medi um to be exam ned and receiving neans optionally using all or a part of
the em ssion nmeans which receive the 20 waves refl ected by the obstacles
encountered by the incident wave, Nbans are further rOV|ded for processing
t he signals r8EEI R 8 Y . AL i a
user utlllzabbﬁaiﬁéghgéﬁégfxa ?L fﬁkﬁf’ i mage allomnng the position of the
obst acl es gen Y1 B e incident wave to be l|localized. 25
The nost current nethod consists in using pul sed waves according to a
process consisting of transmtting a pulse of ultrasonic waves in a given
direction, detecting the return of the echoes, neasuring the tinme el apsed
bet ween em ssion and reception, and inferring the distance therefrom taking
into account the propagation velocity of the ultrasonic wave, and therefore
the 30 position of the obstacle whic enerated each echo. Thjs praocess is

t hen repfa%t ed in EhFE’é‘?S@Hﬁ Injiendenre bsltaca: : off larscanpingpndeanalyang a i
21
obot acl os det Hrbe RSN IPnE° SRIERL 7 s by pRicESHAE, AiERAS crepfRSRARE Folor der

to avoid the draubankmppf WEMsGHe Wavag @ﬂ%@@ﬂ%%'@&nsnﬂh@&eﬁ?' §ld"Bfge( 1 i ne
by line scanning), emtting into the three-dinensional ucture to be

scanned a subdimensiend]lgtrtame wave was suggested, with a relatively |arge
section generated by a probe consisting of a network

It notably, but not exclusively applies to the making of devices such as

15 ultrasonic scanners, devices for non-destructive testing of objects, sonars, or
even radars.

Conventional devices of this type usually involve emission means
which emit an incident wave into the medium to be examined and receiving
means optionally using all or a part of the emission means which receive the

20 waves reflected by the obstacles encountered by the incident wave. Means are
further provided for processing the signals received by the receiving means
and for displaying them in a user utilizable form, for example as an image
allowing the position of the obstacles generating reflections of the incident
wave to be localized.

25 The most current method consists in using pulsed waves according to a
process consisting of transmitting a pulse of ultrasonic waves in a given
direction, detecting the return of the echoes, measuring the time elapsed
between emission and reception, and inferring the distance therefrom, taking
into account the propagation velocity of the ultrasonic wave, and therefore the

30 position of the obstacle which generated each echo. This process is then

repeated in different directions, according to a predetermined sweeping law. It



'corri)ri sing a plurality of emtting/receiving elements with small dinensions,
preferably |less than the ultrasonic wavel ength, in order to have a very

| arge radiation pattern, these el enents-being sinultaneously driven in
parallel. Upon 10 reception, each emtting/receiving el enent operates

i ndependently and therefore receives separately the waves reflected by the
obst acl es i nt theodpciomgs pdseibbe tmpoddugetimages irevesdingsthetobstacies desestddiby it s
receiving area. After _digitizatiaon, the information delivered by these
enitting/recel ogt.dheR %ltlo(lﬂféfYQlHC]&FS kn9Wact ed waves) is stored in

menories, the readj i i I I t 4l ersedir ion to
that of writing. Pléf gonr(@ E{JgaA%g?gﬁf?§3g}a3g%a§i{ ?bgg %é\ggé/%]glgﬁr?%rr%r:;eg‘i ﬁgﬁ%lne
address genepaicessiRemoRS find BY 1RlccsRRAhin), bMetiReoRe thdtiBe diREhsegalt he
address to be read in a field menory corresponding to the point inmage to be
r econst r uc edstrudtomeverhe s¢tamedewisnbstantigllylfjlaves veaveevasi sigjggstetl pwrithmage
reconstruction rate. 20 The basis for elimnating this_ drawback, is the
observation bielatheely afasg¢ cagetionn genergtes ;hyo@esrgog@;cﬁp%stme ofna aes¥etkhed

earlier, each point. of tge .Pb' Fct .ﬁ&o ?e scanneld ives.Lise 1(t;o.a wave which
Ts found stor SRRSing s pLEALRCHT Cmiting ea i Slegrnls Willn Sfell dtifpeniSions,

do-h bali : i i i h
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position of the pol relatively tot to t

pattern of eaedligig@ipatterhi] thiese pearhes byingsbaliRanddiebr étivaerain yarbReNWpoaduced
to two asynptotes for points |ocated against the probe). A nethod was

devel opedl@onmacepiion, tdachf emitwmgitpcsivanpg : clesmintt jopgrates oinslependsmtlyctamde an

i nci dent wave, -3. receiving waves reflected_ or ansm tted by the opstacles
encount ered b{PerHere FRGCHNSSCRBRFUETY 1B ar@vgéireﬂ%qt?%iwﬁ%,o Bipcles ipiegeentingy of
det ecti on el egen i.n d C h r.j . digi.ti j on,
signal s deli ngeeéé%rir} gﬁ@%@@@%‘f !Qiéan‘%%ag ctélngér']{fgﬁrlﬁ(ﬁ 1%”% erzg‘t/aé?r%lﬁor%abé&rr%érﬂi si ng
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anal yzing the three-di nensional structure
(field of reflected waves) is stored in memories, the reading of which is carried
15  out in the reversedirection to that of writing.

Patent US-A-4,817,434 describes a device comprising one address
generator per receiving element of the probe, which provides the address to be
read in a field memory corresponding to the point image to be reconstructed.
However, this device only allows a relatively slow image reconstruction rate.

20 The basis for eliminating this drawback, is the observation by the
applicant that in a process such as the one described earlier, each point of the
object to be scanned gives rise to a wave which is found stored at addresses of
a field memory distributed as a pseudo-hyperbolic curve segment, the
characteristics of which depend on the position of the point relatively to the

25 probe and to the radiation pattern of each element (this pseudo-hyperbola
theoretically being reduced to two asymptotes for points located against the
probe).

A method was developed comprising the following steps:

- emitting into said structure an incident wave,



frominformtion read in the field menory, wherein for each point of the
structure, the positions of the field nenory 10 containing the signal
detected by the detection elenments are c3l-cul ated, corresponding to the
waves reflected or transmtted by this point, these positions being

cal cul ated by neans of an addressing |aw, the paranmeters of which depend on
the position of this pecetvingl wavesel eflectetherddétansmitiad ebyenthet pbstactes

wherein for 15 each point, the@Aines of the freld nmeppry are read at the
respective positions caftqUateEed bt SiehnridentoVavRi WSS paidapfEictdtes R & n

addr essi ng nmenories assgQci i sal j f f ry,
respectively. A calcul a@?‘gﬁ}t?g)f}[ﬂlﬁ{ee%t@gﬁ%&é%ﬂ?an)q?gh?%qtodrt‘r?aafqpo. fead for this
point in 20 order.to Oﬁbﬁhg, _%ﬂféﬁsd{gitizraﬁ_@ﬁ,e%?gﬁﬂé'dé@ivefedt _ shdickdgmce of
the wave reflected or tranSmitted by this point, during this calculation,
all the lises of the fidbmentsennafiddenemary icompaisald ehe frospeetivt lmei pdr at

the positions indicated for this point by the associated addressing
menories respectively, detection elament.®dof ~ the results bei ng then applied to

Il th I di he field , _thi 5 |t bei. b I
r ocessed o storedl | n oopubiNE THRGT ynaling i DESEdimaTatyr s
Pat ent's EP082545381 andyeoftPyfhoftdidd ZoR in hb e @RER ! Herbfier@Paldcant
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it is possible to obtain rema%a% e performances in terivs o i nspection

rate and this thereforepgiht oy6 ther stpumtuid) tay gRositithsdiofeftsd ofieldt endiory
anal yzed, spatial resolution taking into account the |arge radiation

aperture, 104 reproduci bédritaipings thtesignalr detoctied by ethd deteetnon tedembytsaagsl ane
wave. Neverthel ess, experience shows that in certain gpplications,,
constraints linit the ﬁ%fﬁwla%ﬁeé@smn IR terdhratRvesrefisriedcen Hpnsmited

processi o rat e The vety SR gSATBLL TR BRTLARE R, HheRE P 4. ot
of the details, and noj@hkbikin® 14028 SarhiBtcRBE WHiER depehd8ntBE RGItRMA
signals accurately, the frame
of this point relatively to the detection elements, and wherein for
15 each point, the lines of the field memory are read at the
respective positions calculated beforehand for this point and
stored in addressing memories associated with said lines of the
field memory, respectively.
A calculation is then applied to the information read for this point in
20  order to obtain a result representative of the significance of the wave reflected
or transmitted by this point, during this calculation, all the lines of the field
memory are read in parallel for each point at the positions indicated for this
point by the associated addressing memories respectively, the calculation of
the results being then applied to all the values read in the field memory, this
25  result being subsequently processed or stored in a specific memory.
With this method described in Patents EP 0825453 Bl and
EP 0 872 742 B1 filed on behalf of the applicant, it is possible to obtain
remarkable performances in terms of:
- inspection rate and this therefore allows parts with large

30 dimensions to be analyzed,

- spatial resolution taking into account the large radiation aperture,



‘of anal ysis should be very closely spaced, and in consequence, the nunber of
points to be calculated is | arge, which slows down the processing rate
excessively. 10 In other words, the naxi mym anplitude of the echo may not be
detected in the analysis frame if it is |ocated between two anal ysis steps;
this error may be a disadvantage if it proves to be necessary to neasure
the extent of the- obst@predwibihthagtheadtrasey fiekt scamnditted tyoa plaaerveayeest ed
accuracy, this r’r&l\(I |l ead to the yse of a spal|er anal ysis step, therefore to
a larger number of pEeTdaglen SKREFGRsEIOWSWRAE I PFEIB APRYCRIRNS £PBEHFARISoN

time and redu I i i S: f t 1 od descri bed
in Patents Epﬁﬁﬁ%%%fg%@@aﬁk%s.n%ﬁ&%@%}hg%np%ﬁ%:1§pfhlel ﬂggcéﬁﬁkﬁgﬁ%?’f of the
applicant, the anaTMé'v%r?tlﬁ%h's%atihln%%%ﬁﬂﬁﬁﬁbb&ﬁné&@viﬂ#@%r mith& ®Gdds o C
channels; it is desirable that the 20 analysis step be an integral nultiple
or sub-nulii pveryofing magdsegmdhié thee amentitet Babiretairetlenfndsess ofitiss détails,lamdcase
of a probe conprising 32 detection elenents, spaced apart by 0.8 mm

associ ated wi netaBly @l weasusaitee amahifedesof theaellgeiad pignalsacoyrataly, e amel t o
1.6 nm 3.2 4.8 . 6 et.c. .The case qf. probing a netal plate. with
2 Chickness obt 48simhptid b vea piPsely BrSeh nfdnlinse ditnfe atis sRBR o
and with a 60 Mz i q Of it C i .

consi dered aspan eﬁ%e@%é{e?oﬁg%& o"glf“?g ?ﬁkﬁhtg%ggfé??%m?%%b‘?&t&ed is
6,000 ni's; thexdeRsivdly.trip travel tine is 40 gs. Knowing that the analysis
step of the detected signal is set to the 30 sanpling period and taking

into accolht the nlmingherofwdrds,i tentedximunesamplitadeai ofltkaitecho nfay nottber of

el enents of the praobe, the pupber of analyzed, points is 40 x,60 x 64, i.e.
153, 600. The H%t@aﬁeddndbe@a%lﬁ rame; i§ 1y sJoggd distyveen two anglysis stepg thisy rate

ow dept . 1 <eB hivc P isaghneR8 iPiiPar B SRR n Hasdnlfe I Sty

adopt ed in sapflthe obstacle with high accuracy. According to the requested accuracy, this

may lead to the use of a smaller analysis step, therefore to a larger number of
15 calculated points, which increases the calculation time and reduces the control
rate.
It is found that in the method described in Patents EP 0 825 453 B1 and
EP 0 872 742 B1 filed on behalf of the applicant, the analysis step is
independent of the number of electronic channels; it is desirable that the
20 analysis step be an integral multiple or sub-multiple of the step between
detection elements: thus, in the case of a probe comprising 32 detection
elements, spaced apart by 0.8 mm, associated with 32 electronic channels, the
analysis step may be equal to 1.6 mm, 3.2 mm, 4.8 mm, 6.4 mm, etc.
The case of probing a metal plate with a thickness of 120 mm with a
25 probe of 64 elements with a step of 1 mm and with a 60 MHz sampling
frequency of the detected signal may be considered as an example.
The sound velocity in the material to be probed is 6,000 m/s; the round
trip travel time is 40 ps.
Knowing that the analysis step of the detected signal is set to the

30 sampling period and taking into account the number of horizontal lines



exanpl e may cause errors |larger than 10 dB on the neasured anplitude; this
difference is unacceptable in nost cases. It is therefore necessary to
reduce the analysis step by a factor 4, the 10 processing rate is |ocated
bel ow 100 Hz; this rate may becone inconpatible wth the required

i nspection rate of parts with large dinensions. Mre particularly, the

obj ect of theequiveleni om the nuimdres faft elementsuph thes probieh dlse ndnehely anfkanabyzea
met hod all owi ng, the processing rate tq be increased, wthout ruining the
ot her perf or nRAEESIS 44X R @‘{;i r%l?gé()ﬁr ocessing 15 paraneters according to

andl or the accur acy T LRI ORy e Uiyl §sHEBOBOTTR, 2aso0 8, Py MBathfh,f i P

resol uti on andogprpcessing time is based on decoding information read in the
field menory; thus the so-called "decoding” «curve is the readout curve for
val ues reafl in theltfis dbandremrtire 3tdi® splesiesolmtionadf the Gnéthedf atelosv depthy is ar e
cal cul ated by neans of an addressing |aw, the paranmeters of which dependi ng
on the positi 6h the arder pbiadS mempand Ahatythed 1 memapnalysly step tadeptedeine stidon

et octed by ENETBGBEY iooH S FaRENEetiHGn 10oi alh B tee uad St dpisy or
transmtted bgiff&gné@g Lﬁ)gl:%t%le(m?ﬁ@s‘flcﬁsésp be anal yzed. The present

invention is based on t servation that, in a process such as the one

described earlier, JtwRethetdTOredReRdidry t6Uedecd afs afdllsieXsted by a €uttCitdehewi th
the curve inscribed in the field nenory, the decoding curve may

successi védy gaicessingasiet isvlecatnd bedgpit i00eHgi thialrate By Aecomati ingbmpatible

proposes a nmethod for scapning and analyzing.a three- dinensional structure,
from i nf or mat Mt the gedyire Wép??‘?&r’oraﬁﬁeﬁé?%ﬁ%vltg la’@edgmﬁwgscurve, this

detection of a userirearsdoyil. My biEsthRanEimipnaS FEl Pt efPiles are
of the sane sigRecafidwbaticlbitd aetRdd e ithé PRo@dssinderaAOdb WeLtherRed! from
integration of the anplitudes of the detected signals’in said useful 5 area
of sai d decodwithoutr maning the other performances, by modifying the processing
15 parameters according to the location of the processed area of the field memory
and allows the rate and/or the accuracy of this processing to be optimized.
Optimization of the resolution and processing time is based on
decoding information read in the field memory; thus the so-called "decoding"
curve is the readout curve for values read in the field memory; the positions of
20 the field memory are calculated by means of an addressing law, the parameters
of which depending on the position of the point to be analyzed relatively to the
detection elements.
The so-called "inscribed" curve corresponds to the signals detected by
the detection elements which correspond to waves reflected or transmitted by
25 the point or obstacle to be analyzed.
The present invention is based on the observation that, in a process such
as the one described earlier, when the decoding curve does not exactly
coincide with the curve inscribed in the field memory, the decoding curve may
successively detect positive and negative signals.

30 Accordingly, it proposes a method for scanning and analyzing a three-

dimensional structure, from information read in the field memory by a



More specifically, this nethod may conprise: - detection of positive and
negative signals, - detection of the centre of said decoding curve, -
storing the sign of the signals at the cegtre of the decoding curve, 10 -
detection of a useful area of the decoding curve wherein the signals are of
the sanme sign, - adding the signals of the same sign in the useful area of
the decodi ngdecodieg curdé,vilds nyethaiddcemprisingt He detdstionodf dhel sjgredfsthgnal s
of the sane 5 sign.or by a predeterm neq constant, val ue, correspondi ng to
the total op ﬁﬁeﬁ@%oiﬂgli% th%@sEﬁCH@naﬂE/%%e?ul YER O ﬁ@ldt%@ﬁ@%wrvsm%ﬁrﬁ@d f or
t he anal yzed poi ree-. di [ re. . '

met hod accor dﬁlr? gﬂé%ﬁg ﬁé@?ﬁ%ﬂépﬁ oeng%gf/‘a %?%%P%J%Zél{ HP% fors(ljt%@? %fgfén%%l%inéa‘raead
in an anal ysi gofnt 3 3R gfidn8f tHeCahpRARAGE of IRS BeledtddNGondls $h aideRS¥fNl 25
the use of a variable horizontal step depending on the depth of analysis,
and/ or theS charegeofisaid decoding eunveal step in the vicinity of the obstacle,

and/ or the processing of signals detected prior to the storage phase. An
embodi ment of the Maraspecificalyithty methodenay¢emprise: wi || be descri bed

hereafter, as a non-linitint_cly ex | wi‘ﬁh reference to the associated
drawi ngs wherein: 30 Fi getequon Pﬁgg?ﬁ?%&n Hgg?eﬂa %U8RYSsignal s on the decoding
curve and the content S?&Ecﬂ&?oﬂtﬁ'&nﬁ?@s‘éic@@e gﬁ%éur%de of the decoding

[

-7 curve, in the case of coincidence of the deco curve with the

inscri be(cji cEr ve; Fig. Zstolingshé sighsoftthe sip@hRcdtehle séirabitherddebeingasedé,ng
curve and the
10 - detection of a useful area of the decoding curve wherein the

signals are of the same sign,

- adding the signals of the same sign in the useful area of the

decoding curve,

- dividing said sum by the number of analyzed signals of the same

15 sign or by a predetermined constant value corresponding to the
total opening of the decoding curve,

- storing the result obtained for the analyzed point of the three-

dimensional structure.

Optionally, the method according to the invention may implement,

20  from information read in an analysis frame and during the storage phase in the
field memory:

- the use of a variable horizontal step depending on the depth of

analysis, and/or

- the change in the horizontal step in the vicinity of the obstacle,

25 and/or

- the processing of signals detected prior to the storage phase.

An embodiment of the method according to the invention will be
described hereafter, as a non-limiting example, with reference to the
associated drawings wherein:

30 Fig. 1 illustrates the detected signals on the decoding curve and the

contents of the field memory on either side of the decoding



contents of the field nenory on either side of the decoding 5 curve, in the
case of non-coincidence of the decoding curve with the inscribed curve;

Fig. 3 illustrates the result of the decodi-ng, the positive and negative
signal s detected on the decoding curve having been taken into account; 10
Fig. 4 illustrates the result of the decoding, the positive signals detected

on the decodi ng curve hewivagirestsl easeof| opingidenceaidethei decodingcawuawitlrthg 5
illustrates a theoretical cHr%e of the image of an obstacle in an analysis
frame without any corretBBFBRCYEVVCe; 15 Fig. 6 illustrates the envel ope of a

digitized signal V?fgilisil B tesr@%ddetgl:tgpgsign%l% Oc(finegtll% :c@kgdihkn&lrvpein% fhe

processing; Fig. 7 i%lustrates e envelop I'zed®si gnal versus

time, read along a stoggstehisebl thé Thold ahbRlorPr&if @&heNGidd08-th8 dddodiitg at es
a device for processing the digitized signal, read along 20 a stored tield

line, the §esults of whtuiveairethiel dass of abaecdiycidenys. ofsthealedodingl curae fWithst
exanple illustrated by Figs. 1 to 4, the step for optimzing the spatial
resol ution, from infor nieBsctikegdecuries he fiel d menory, conprises the

eval uation of the hori tal difference t ween .t he .decodi.ng curve and the
35 i nocr 1 bed cur vel sl ECteR i BN R RSN, £ bR e
signals according to thi i Y g@@g i es
not exactly coincide ngll a{gh(gétlsﬁggméﬁfhgﬁﬁovdgﬁgi&ﬁ}e‘vﬁgco ﬁ%@u%&ﬁﬁgﬁp
successively detect posacdoung and negative signals, the sumof said positive
and negative signals tending towards 0. 30 Conversely, when the decodi ng
curve exad®ly coi nfiglekillustratesiibe renwdicof thedlecading, thepostéensignals slgtacted
detects signals of the sane poJarity. -8 Thus, in t[1e.e anple illustrated in
Fig. 1, the contents of OPﬂglefi Fadinge sHRYE mng |Sx& I}Sé‘fei}ﬂng?nt HakehdhiQ ude
of the detected and stopgd signals

Fig. 5 illustrates a theoretical curve of the image of an obstacle in an
analysis frame without any correction device;
15 Fig. 6 illustrates the envelope of a digitized signal versus time, read
along a stored field line, before processing;

Fig. 7 illustrates the envelope of a digitized signal versus time, read

along a stored field line, after processing;

Fig. 8 illustrates a device for processing the digitized signal, read along

20 a stored field line, the results of which are illustrated by Figs. 6
and 7.

In a first example illustrated by Figs. 1 to 4, the step for optimizing the
spatial resolution, from information read in the field memory, comprises the
evaluation of the horizontal difference between the decoding curve and the

25 inscribed curve, and the correction of the amplitude of the measured signals
according to this difference; thus, when the decoding curve does not exactly
coincide with the inscribed curve, the decoding curve may successively detect
positive and negative signals, the sum of said positive and negative signals
tending towards O.

30 Conversely, when the decoding curve exactly coincides with the

inscribed curve, the decoding curve detects signals of the same polarity.



M1, M2, M3, M4; the decoding curve CDl al nost exactly coincides with an
inscribed curve illustrated by the detected and stored signals ML3 in the 5
field nenory; thus, the anplitudes of thegsignals read in the field nmenory,
illustrated by MO, are all of the same sign. Conversely, in the exanple
illustrated in Fig. 2, the contents of the field nenory is illustrated by
the anplitudes of Thes,diet dut edampte shlusteteds iigriEis], tiel comzpts MEhe Midld t he

O e e ot Bt 55 Y 455 AT e dred St e
ampl 1 tudes  of Ve MF5S S FLY 6 SBRFE LY CR MRS LR M0 ar e
Vel es, S TE i IRbe i AR Dyt Ratd M O gl 1o i ©
positive ahd fieghatmeneryathiss tie amplevdadi ofjthecsignels ftché rinfthe iV menSty, +

(S-). Wth the assunption (theoretical case) that all the positive and
negative val bistrated byf MIe aceath OB s aM@IELA, the detected anplitude after

addition is: AO=SMKA. 20 In the cas en t he. decodi curve does t
coincide with the &ﬂggﬁglﬁfeﬂl &ﬁr%,mpﬁﬁ ‘t‘.?éliaiec‘fléﬁﬁﬁ iﬁ%ﬁ&}erﬁ? ngheaﬁ%ldti on,
becones: AO = ): (S ki Vgﬁlc]i@ { : wth
K=SM- 2 x ?@ﬁﬁr&%eﬂl{gs aﬁétd otr%l }el%en ﬂgﬁ@%’ﬁgqaﬂqééécgﬁ%gﬁg stt\;\éég?n (r)lllélr?ts of
opposite 25 MAMM22t ME3,IMb8; euaécddindSihineeaDa Hodsheotvaditieigleak#h Ginyt he
sanme sign, and equal to zero when there are as many positive val ues as
negati ve 1l usscribed stuove dllbssrated diy thatdetdnted andcstored sigmnals doritheafield
because the inscribed values vary according,to their horjizontal position on
the inscribedMeMar¥: the dgeeding: wgvaillse&qemrg@ ad BURCCPUY PIYCEHORRESobRMCRR es

cauees, 2 X IUDRLY LD 3O 86 o REhr L R 1 L BRI BbnS
??E) i ne gffﬁﬂg{ai{rgtned%ﬁm are@ntetindGt st bthelmes aiRbaged Wi th a function

Let S+ be the number of positive values, S- the number of negative
15  values and SM the total number of positive and negative values on a decoding
curve; therefore SM = (S+) + (S-).

With the assumption (theoretical case) that all the positive and negative
values are of the same amplitude A, the detected amplitude after addition is:
A0=SM<xA.

20 In the case when the decoding curve does not coincide with the
inscribed curve, the detected amplitude, after addition, becomes:

A0 = A x (S+) - A x(S-); which may be written as:

A0=Ax K, with K=SM -2 x(S-).

The K factor depends on the difference between points of opposite

25 signs; it will be equal to SM when all the values are of the same sign, and
equal to zero when there are as many positive values as negative values.

It should be noted that the K factor is not constant because the inscribed
values vary according to their horizontal position on the inscribed curve;
indeed, the directivity of the reflecting obstacles causes a maximum of the

30 detected signal in the line of sight of the obstacle, and therefore a weaker

detected signal on the periphery around the line of sight.



may be determi ned theoretically or experinentally by noving the probe in
front of a known obstacle and by neasuring for each position of said probe,
the anplitude of the reflected signal andgthe correspondi ng value of the K
5 factor. In the exanple illustrated in Fig. 3, the coincidence between the
decodi ng curve CD3 and the inscribed curves M31, M32, MB3, M34 is not

achi eved; indeed thbusitho fack@Ghobkhbe replggedavith anfimictign d(#9y tiis fundtion
centre of the decoding curve, and.the nunber of signals of the sa sign
from 10 the cBWyrie idg?eamm%éh%q#ﬁwﬁlry 81 XBeHmEntalys byirgomgg@,e R©OPEHB: t he

sum of the applijt r e rapidl.y. e ct. val of, th

2ol 1 tude A iyt REATRRNET SERRERAE! burRBls e, A RaBH RS IR sl Pienoc
has the advanilﬁﬂﬁngiittﬁﬁ' of tl?é)!r@ﬂé&ed)%ig'}féh'aﬁd%e YfifdbpdhditieYval@e dfl theSK
sufficient to performthe additions on the sign bit of th 15 stored
signal. A ¥erfactdrose net hod, based on the sane principle, but the
achievenrent of which is slightly nore conplex, may be used for carrying out
this correction aHd thesex ciﬂflymtaﬁ%l aﬂpnlglg- deethg apeincidsnse dbatvicgnnthet o t he

iti f th di l.atiyely to t ' [ .20
ndeed. i 1 onfgeadiet SHVECDYFER (b dPicktBalousRes, Nouh ViR, Nbs M3 Bondt on
d if onfFAHESPEfalS WA The ¥4 ., .
31 gn-ar ound 1 ek AR SERAISRO0 OhddE T APer g By Y fke ST

otherw se equ@itrd of tHeededotRipt Qdvanaid thedfurhbert dTsig@s o0 thaPgh€sign from
coi nci dence between the decoding curve and the inscribed curve. 25 This

process nHy bthepeerftor nedllsthquamaliexl since tye shidt indargbesithat tie sum ofsthgnal at
the centre of the decoding curve, and then by perform ng an anal ysis on
either side ofMPHEIESFEEEasqhy ey 1 Xsis is stopped in the case of a

dereetion o 1 Fhengs;eLagkal o, JFGRLCK AR RN SHNF atblBoaGL™
rurber, o aroUNA ) Sh S0l S Al AN EbRg el
the other poiney $imphg, as it is sufficient to perform the additions on the sign bit of the
15  stored signal.
A very close method, based on the same principle, but the achievement
of which is slightly more complex, may be used for carrying out this
correction and also reducing the amplitude variations according to the position
of the decoding curves relatively to the inscribed curves.
20 Indeed, if only the signals with the same sign around the central portion
are added, and if this sum is divided by the number of signals with the same
sign around this central portion, a very close value S3 is obtained, otherwise
equal to the detected amplitude in the case of perfect coincidence between the
decoding curve and the inscribed curve.
25 This process may be performed sequentially, by storing the sign of the
signal at the centre of the decoding curve, and then by performing an analysis
on either side of the centre, which analysis is stopped in the case of a detection
of the change of sign of the detected signal; thus, the analysis consists of

performing the sum of the detected signals, divided by the number of analyzed

30 signals with the same sign; this value is stored for the relevant point; the



anal yzed, this processing may al so be perfornmed in parallel by logic
circuits. Mreover, this nmethod excessively anplifies signals correspondi ng
to noise or to signals reflected by obstagles | ocated away fromthe point
to be 5 analyzed and the resulting inmage may well be confused. In order to
avoid such a drawback, it is considered that below a certain nunber of
signal s w th pperatianeisstlgm, pdefosneéddinf themsaime wayit far, thehiotherspeiats ltorkper a

defect, but background. noise, and the sum of these signals js.then no

| onger di vi ded@ndlyZehdhis RIOREsSING Hay a@@@%ﬁ%@%ﬁflwr élafei?&%wl%e one
10 corresponding t otal N . LNQ: v exanpl e
illustrated in Fi g&c&é@gﬁ{et@giﬁg@@gn%xec%%s&%@&e%ﬁﬁ ﬁgwglg@g{:ﬁ ﬁ%rr% P bgﬁ&ﬁand
the inscri bedpnpiev@stdibnal¥refleMtd. bMbbstabRes NBEate@GHAY Bm kit Ebﬁuﬁbe&ent
case, only the central values with the sane sign have™ been taken into
account; the nnslyzéd and the resulfihighamgemayplelltbedeondusgele t o t hat 15 of the

resulting curve S3_and renmai ns _constant along a |larger horizontal .
di spl acenent on ei Imerdesitgavetd syeh & drawleadks 1t isconsidstrchdat belpsy apgitsin t he

accuracy on the litude of the.detected signal s higher ile.adopting a
o ger otep ofmbryif SERHRevRARERRe Sheor efbitsd T BPS cellles TS S Ribute
to optim zi ng it ARiER2blRbadicRbhit hoRe, diPMd B IFRALRNIERAL id thehiify 1 €l d
nmenory; the possible associati of processes allow ng the~processing rate
of the signal sorgertdi®idednisy ¥Béis dunitiee, bat bg 4 @@hﬁaﬁﬁ}ah&p@bﬁe@uzeﬁxet éne

i nproving the performances of the nethod described in Patents EP 0 825 453
Bl and EP10 8tarrégspriing td the totah openiagfofdhe tlheodipglcilo@nt , notably in the
anal ysis of parts with |arge . 25 di mands)i,ons, a _high ra thi s exanpl e,

according to the i Helei 6KIMPle Idpsifnte rmogtlgtﬁazm?g_opﬂ@léegicél:g%’Y% there,
T T T LA K 0L RO M0, 91 DR S FLRSR BOESE
Sepanch g, o SRCISOIR 8 ARy, o b Lot fthe Sl g o
resol uti on fr dgedtakenninto hocount) thewesulting curve S4 has an ampl’itude close to that
15 of the resulting curve S3 and remains constant along a larger horizontal
displacement on either side of the centre of the decoding curve. Thus, the
accuracy on the amplitude of the detected signal is higher while adopting a
larger step of analysis.
The different aforementioned processes contribute to optimizing the
20 spatial resolution, from information read in the field memory; the possible
association of processes allowing the processing rate of the signals in the
analysis frame to be increased, contributes to improving the performances of
the method described in Patents EP 0 825 453 B1 and EP 0 872 742 B1 filed
on behalf of the applicant, notably in the analysis of parts with large
25 dimensions at a high rate.
In this example, according to the invention, the step for optimizing the
processing time, from information read in the analysis frame and during the

storage phase in the field memory, first comprises the use of a variable

horizontal step depending on the depth of analysis.



becone | mn to 30 nun in depth. It is thus conceivable to adopt a variable
hori zontal step depending on 5 the depth, said step being defined by the

acoustic resolution at this depth; thus,-1by knowi ng the depth of the points
to be analyzed, the analysis step will be stored beforehand and will all ow

againintime for analyzing the structure, close to 2-3. The step for
opti m zi ng the probeksinghe ihorizontad nresafusionais daperekation the ddpeh aofathesi s

frame and duripg the storage phase [n the field nory, secondly conprises
t he change of OBﬁédﬁbraﬁz@hteéF‘mé?tl"epai‘i?pﬂhé”eﬁﬂll%ﬁl?ﬂiltfgg‘BfBt%ﬁen%stpaél‘é‘.mI ed,

by detecting all t | f OF i.eh the anplitude is above the noise,
with a large §ﬁ§?f§)§ﬁs‘ﬁé{g@?§{l¥‘?.‘%w§%@s| ble to approximately |ocalize said
signals; a finer detRGhii®RohseilaIB tBRIdoPt ARMAriaBle R6riASRA ﬁ_@ﬁ'fd@F&hdlﬁgQﬁPh of
said 15 signals. In the exanmple illustrated in Fig 5, a signal S

il lustratifg thd deuhedaidatep mingy defified by therageistt resolutimi aicthés depthnthasal ysi s
frame. Said signal Sis characterized by a maxi mum anplitude Vm and a

maxi mum anpl i bideravangehe |depg) of/he painds todsranalywed, the ¢ealpais méer bl bfed
with an analysjs ep close t ero. Let.VA be.the analysis level 6 |ess
than the.anpl Plied bethrendit pnd vl ol gt in iy tor htganbch atRihal <t o
be anal yzed; Ql(%gttgg'g' on error less than A = Vm-VA, inposes an anal ysis
step | ess than , detined by the intersection of curve S and of analysis

I evel VA 25 In theThamep\or optim@4iAgihé protRbsif thhenfbm Wifbimatiomegdd inide
| arger than the noise level, the analysis step will be substantially nore

significahd, texenalpsiedtamoarp dudegithe stobaget pleasenn ¢he fietd owenuirycseovadly and
of the maxi mum anplitude noi sg | evel, VB Thus, the detect] f the signals

wi |l be carri samptisetherrhangs eatisharizopalsigpinshe aeinitiaf the Ogﬂéd§t ep

corLeshondhng, o eyl 67 LR R i BB s MhaE A

llevel VA to bofRr Wiftda ige analysis step, it is possible to approximately localize said
signals; a finer detection is then performed in the area containing each of said

15  signals.

In the example illustrated in Fig 5, a signal S illustrating a theoretical
curve of the image of an obstacle in an analysis frame. Said signal S is
characterized by a maximum amplitude Vy; and a maximum amplitude noise
level Vp, said theoretical curve being obtained with an analysis step close to

20  zero.

Let V, be the analysis level, less than the amplitude V), considered as
the threshold for detecting signals to be analyzed; a detection error less than
A=V -V,, imposes an analysis step less than P;, defined by the intersection
of curve S and of analysis level V.

25 In the same way, in order to detect signals with an amplitude larger than
the noise level, the analysis step will be substantially more significant,
equivalent to P,, defined by the intersection of curve S and of the maximum
amplitude noise level V.

Thus, the detection of the signals will be carried out with an analysis

30 step P,, defined as the step corresponding to the detection threshold located



When an obstacle is detected at a certain abscissa xp, analysis of this
obstacl e consists of resum ng the detection of said obstacle, fromthe
abscissa 5 xp - P2 with an analysis steplPl. Said analysis is conpleted in
the vicinity of the obstacle, when the detected signal is |less than the
noi se level VB and the abscissa larger than xp. It is therefore conceivable
to adopt a vaebens thehneisedavell alpwingéneserraly fopsignads sndoampiteds bsgeracl es,

said step being relatively large, allowing high 10 rates; thus, having
detected an OB@égPén?]dsﬁele& a‘?zyi‘ég‘? C?‘ﬁéaﬁaqlrﬁi ysis step will be reduced in

the detection ar eaé&ﬁl{ensgﬁ %bgﬁaea | Gercbidg aRraOE@rZa;iht sbisOF fpfanz{??ﬁgtcjtctﬁﬁ y not

af fected by the reduced step analysis as regar e garntin provi ded
by a high ini bbathclet@Rsist6f fsBMin® theo@dtedidn B siidOHREREE FBdAGhE iabBcisda oM
information read in 15 the analysis frane and during the storage phase in
the field Sremsyy, PotwithdinyanatysipsiepeB;. (faod @nslysy isfconhelettdt incthedvisingtyadss .

I ndeed, signals reflected or transmitted by an qbstacle, af Sﬁgpl ed
signal's, are Heopkyiacla, when the detecrad aigaal isHess fhandthgaipiss leveh Vg and the
anpl i tude of he s gpl es, 1.Epr esents the envel ope of said detected signals;
the sanpling 2 cf1§sgj &?E?’alns #arger than the frequency of the detected

hetietll Tor ta Hreq:
signals I n order PL1%?ﬁ?ﬁforetc'&ﬁréi’&%l%%.aﬂépﬁ?'vtgﬂgblg'H%Jrﬁzongam sﬁse:ﬂ)g%é?léﬁiﬁgiggbout

illustrated in Fig. e sanpling perio etecte

ten times snmabhehetdnaouhteeedobstaclesf sdaisepdbtiagt ethtBicly ddrge,ThRowirgc At ng of
the sanpl ed signal consists of detecting the extrema 25 of said sanpled
signal, siri majes;Hbusampiieg detackedaan obstasisotodbergnalyped,tthdeinalyisis sigp avikhl f
period of the detected signal, and storing i.n the field line of the field
herory, ot thE KOHSES i) BF HtHeCuomAres odr saidi oPNanlpl e Srefesneptimeot v

1 ustrat ed | Rgans noPIESBARS O rbice bl ap Podghlh HEAHHA By fim,
original signatovilléd B$aragLehitial steg. 6, thus, the analysis step of - 13 the
processed signal, may attain the half period of the original signal, while
retaining the requilhedter for aptymoning likee angressingdimé, from tdbematéch s¢aghal s.
15 the analysis frame and during the storage phase in the field memory, thirdly
comprises processing of the detected signals.
Indeed, signals reflected or transmitted by an obstacle, as sampled
signals, are stored in each field line of the field memory; thus, the amplitude of
the samples represents the envelope of said detected signals; the sampling
20 frequency is larger than the frequency of the detected signals in order to detect
the extrema of said signals.
In the example illustrated in Fig. 6, the sampling period of the detected
signal is about ten times smaller than the period of said detected signal.
The processing of the sampled signal consists of detecting the extrema
25  of said sampled signal, storing the samples with a corresponding amplitude
during a half period of the detected signal, and storing in the field line of the
field memory, not the totality of the samples of said sampled signal, but only
the amplitude samples corresponding to the extrema.

In the example illustrated in Fig. 7, the sampled signal consists of

30 extrema of the original signal, illustrated in Fig. 6; thus, the analysis step of



The af orenentioned processing nmay be carried out in software or in

hardware; in the exanple illustrated in Fig. 8, the processing is carried
out by 5 hardware neans. A clock unit Hielivers a clock signal SH which is
applied to a shift register unit (RD) with two stages on the one hand and
to a main nenory unit M on the other hand; the original signal S sarrpl ed
at the frequeﬁm/pmfcewdcslgnalomyw@mlthSI-hlalf pelacpcﬁ)quége tosigingl igpalt vafilet he

shift register unit (RD he one hand nd t.he put qf the buffer
remory M on fqﬁ@nazgqéwr)ﬁa W@W@ Saglindhiide piRrtbudss O gmal &
SN and SN | corres FivoRal o I t he
af oresai d signals @‘%g?\?t‘?‘ot“% ﬁ%ﬁgdﬁfafgg%?ﬁ?%&huygq%%oa coﬁpara or C,
the two out pUh&rdWarlé\hinCﬁheSéMairﬁﬂe lIﬂlisQﬂ‘ﬁ'té‘d i3 Fllg|5 8t ﬂaeﬁ{;ﬂic@ssﬁ’n@@il@i@ieﬁg)m%

whet her sanmple Nis Iarger or ‘small er than sanple N+l; the transition
froml to D chardreppemitmnso an extrenmum of the signal S Sal d transition

controls a detection CII’CUIt D whi ch co oIs the st qr age he si gnal
in said buffer mar’rﬁr?/o unjh & Q\A{]b‘ifﬁ 3of3 n?ég@a INPu vehigh dt, apg %‘ltlit‘édi \%‘R

ot he ext 1 ontetiftel TR (DY Ryif o sfresh OF B8 b HRASI vl B LRk il ' 7
the aforenent M)n&? R Bﬁfe? Ighgflgf He SRLInT] §1§B?I §P§‘érh?ﬂed 4tqhe |f}:|5cju‘éﬁcy oFemd

information read in th nmenor or optimzing t processi ng

time of the deloekts a$ISg[l£s|a£13pmu tb@h@h@ut efltireyhiftatgister @hiti (REDort thehareat i on;
they thereby contribute in allow ng the processing rate of the detected

si gnal s t &0 behamd rasdsedheviipug of ghebwiferymemoyy Mgon ﬁm@ﬁhat harkol ution, and
e e B R BT , WARG, ChiRsntag Y
S e 90 LY BSOSO LR 0
three-di nensi Qf@ép}ﬂfeﬂ%tbﬁtﬁ inputs of a comparator C, the two outputs of which switch
from state 1 to state 0 according to whether sample N is larger or smaller than
15 sample N+1; the transition from 1 to 0 corresponds to an extremum of the
signal S.

Said transition controls a detection circuit D which controls the storage
of the signal S in said buffer memory M,. The output of memory M, is then
applied to the input of the main memory M,.

20 Thus, the main memory M, contains the values of the extrema at each
half period of the original signal S.

The whole of the aforementioned processes for optimizing spatial
resolution, from information read in the field memory, and for optimizing the
processing time of the detected signals may be applied separately or in

25 combination; they thereby contribute in allowing the processing rate of the
detected signals to be increased while retaining very high spatial resolution,

and allowing three-dimensional structures to be analyzed three-dimensionally

at a high rate.



sai d processing consisting of reconstructing or analyzing the three 5

di nensi onal structure frominformation read in a field nenory, wherein for
each structure point, the positions of t-hetfield menory containing the
signals detected by the detection elenments, corresponding to the waves
reflected or transmtted by this point, are cal culated, which information
inthe field menory is read by a decofildyIM8rve, 10 characterized in that
it conprises detecting the sign of the detected signals, detecting a useful
area of said decoding curve wherein the signals are of the sanme sign and
calculating the posgitio I 0j 1.pteg L .
anpl i tudes of the gétecgégﬁg%gga S Fﬁégng h@%f%ﬁﬁg%gg gf“@%k ! SQ%S?%S
curve. 15 2. {hectiR N fg@bledigtocdsQing dighals repRReAGAE! bE edlavey, t igthblyt

i npl enents: - detection of positive and negative signals, - detection of the
centre of sai dltchsoniti wgves,refigcted or tisnemittefd by sail dmeetlinensionsl gtraicturat t he
centre of the decoding curve, - detection of a useful area . of the decodi ng
curve wher ei nStifle HIPEFAING asQnsisting; nf SLERENSITYEHING. Qfd ANRYYZEE d the gHHPS of

the sane sign;in the ysef r of codi.n nye - dividi sai d
sum by the’ nubBsigl bl ERanin b B 1| Snggfdpy, Ehiieft B8k

pr edet er m ned sta&t r i t i

decodi ng cur ngi&l} sto?{é/n 1ﬂtﬁﬁ’eﬂ;‘re s%ﬁ?ﬁgg(%ﬂ;?lﬁefgelggﬁ eﬁlﬁgﬁggg@%}égg}ﬁ%?%ﬂaﬁ
t hree- di mensidemeatedsby uli¢ detectiohSelementse comehmshding @6 thagvivaescietlieoted, or
characterized in that it conprises, frominformation read in an anal ysis
frame and duttangmitted dyothigep@nbisare salcubated,e ik nnfgrmatwinngn dheafickbl e

hor i zontal” st ¢, SeRRDILIR, 08 S Sg%Me, 2" O

t he

10 characterized in that it comprises detecting the sign of the detected signals,
detecting a useful area of said decoding curve wherein the signals are of the
same sign and calculating the position of the analyzed point from integration
of the amplitudes of the detected signals in said useful area of said decoding
curve.

15

2. The method according to claim 1,
characterized in that it implements:
- detection of positive and negative signals,
- detection of the centre of said decoding curve,

20 - storing the sign of said signals at the centre of the decoding curve,

- detection of a useful area of the decoding curve wherein the signals are
of the same sign,

- adding said signals of the same sign in the useful area of the decoding
curve,

25 - dividing said sum by the number of analyzed signals of the same sign
or by a predetermined constant value corresponding to the total opening
of the decoding curve,

- storing the result obtained for the analyzed point of the three-

dimensional structure.



5 - changing the horizontal step in the vicinity of the detected obstacle,
and/ or processing the signals detected, prior to the storage phase. 4. The
met hod according to claim3, 10 characteried in that using a variable

hori zontal step depending on the depth conprises neasuring the spati al
resol ution versus the deﬁth and storing said resolution. 5. The nethod
according to clai 3, 1%hemathed ae¢ordimgito ddaimt 1changi ng the horizontal step

inthe vicinity of the, .obstacle conprises .detectjon of .all signals for
whi ch the ampebaragterized i diat It cRmPRISES dFom JRIRTIALIORGigag in ag; APaies LRmtF

signals, and {j : ' ' l.ni ng each of said detected
signals. 20 GEh(?agrlﬁg?ﬁ%#Ogﬁe‘oéh&%Egn ?{)eefg?lg:i%&%,gbghar acterized in that the
processing of _the giigpalvarii®lerbeLomal Rép Hepdddeng 6h T @eptAhAsEoEONPI i Ses
detection of the extréma of said sanpled signals, storage of sanples with a

cor r espond$ ng-anpl chamgngluhé ryrizohtal fstepeiin dble oficinity dof thet deteetbdsobgiatls, and
storage in the field line of the field nenory of sanples 25 with an
anpl i tude correspoﬂ’éﬁvﬁb to the extrena.

- processing the signals detected, prior to the storage phase.

4. The method according to claim 3,
10  characterized in that using a variable horizontal step depending on the depth

comprises measuring the spatial resolution versus the depth and storing said

resolution.
5. The method according to claim 3,
15 characterized in that changing the horizontal step in the vicinity of the

obstacle comprises detection of all signals for which the amplitude is above
the noise, localization of said detected signals, and finer detection in the area

containing each of said detected signals.

20 6. The method according to claim 3,
characterized in that the processing of the signals detected prior to the
storage phase comprises detection of the extrema of said sampled signals,
storage of samples with a corresponding amplitude during a half period of said
detected signals, and storage in the field line of the field memory of samples

25  with an amplitude corresponding to the extrema.





