; bce3eWNMT "~6T9>"1 Confocal inmaging equipnent in particular for endoscope

"The present invention relates to a conf10cal i magi ng equi prent in particular

for an endoscope and of the type using a flexible optical fibre 5 bundle.

.The confocal character resides in the use of the sane path for illum nation

and detecti on, ang?igéliotggﬁini%@%%hgf%%rmbrb%{@gmémr gb@g@éo ol l ected from

t he subsurface an applircatron of the invention
are in-vivo biological tissue analyses, on humans or animals, external, for
exanple in the field of 10 dermatol ogy, or internal and accessible.using
the instrument Tharprebeot invendiedotiaies thtd opRfeas! tiMBoiN:aIRMERt it al

fibre bundl e, i duced e :
St eo 1 oitE g ideERibe M Br Re, Perayy® AR ocel fhesue
bi ol ogy;, Myeauerrnal $ehfddae dtaraster Gasidesr weteolusthef dnalspme pdtht foe

interior of a manufactured device. 15 At present the nedical fi ﬁ%&s of
gast r oent eillotmination asgi deeolyn. yhikdw septialufitartgyof hiaoslanabral§sigs! ogy)

der mat ol og opht hal nmol ogy ardi ol ogy and neurol ogy are concerned. The use
of a flexiﬁpg‘ @‘&?%Ur{ﬁcg@a&fﬁjp'@nﬁth a smal | dianmeter (several hundred
mcrons) is necgpgafigldé Uf sMiehtivd ofithB hhentidrs breimeRivochbiatoyital dfssae 20
endoscope but it can al so be advantageous for automatic testi ng_te?%stem; in

whi ch the apalysas, farbriwrhamslle, annalsa exdenesi iy epemets ReH® t¥ end,

i s manj pul at ed tomatical ly |ike [ r %

Nor eovie(?, ﬁﬁf@ﬁgﬂ%@ﬁt?ry' ?méhaﬁygc%(gqegg@e,usﬁ{%n?‘aem S%ﬂlzlgﬂﬁnmgﬁ ntgﬁyggti cal
head is al epdadvars aaeausich @re fBLIbRASH I FBSE buadiengarpbednsoduceathdinal so f or
5 mnimzing nechanical inertia in automated uses, Mre pa ?i cul ar, lé% t he
equi prent  Aithe rRx-Yivo tanalysiy aittissHe; garmplesniomy, giops Wy VESUr ce
emtting radiatlon.af Y € ol r rvel foHfAaat i on
beam Thi s%q\alﬂtsr‘ﬁ ﬁgg Flgﬁe%ba%ﬂiaga%ay @% e%rsepértggg%v?gr@er{xgénpl e by a
separ at i ng grlafsis bhtrer idesridrof epinatutdeturetidaviaeat i on path and the detection

th. It is then deflected larly pn t tial di [ - [
by an 8Bt omechamcapreggat oWtor Meaioer EEidn aip areipenEthBEY horb e RN, "The
beam Scanneﬁror%'é?weo@lryl, yu?tﬂggyi/,nj R6fndAnbRAN SehfB@fgiyl dphiidim@iayy, i n the

focal plane atter and constitutéd By an organi zed bundl e of several
tens of thousrdinttsgyoénd newrdiogy orst c@dernedr es. Thus, at a given noment, one

of the optical fibres of. the . mage. dul. I S h0j.a6t I 4:a | ar
position of the %a‘ﬁs.Of&ﬂ?x'bﬁeﬁ&’ﬁ'ﬁ%ﬁﬁgfﬁpw%‘% “?lﬁ'bggg{ églo%‘gpﬁt%fﬁ?get e

| mage gui den@hdredNhRebes) is Ureessaryeby cobpliranalih e treftduectitarhasinet bbabeam 10
by neans of the mirrors, point-by-point for a given Ii,nﬁ, and line- bx-l i ne
in ordel0 t cendpsadneubet i [san alag e ah@nirerAus fohjasdeBats feYPNheYTIHRSE gui de
(i f approprj | I d Jith Bhfcuesi Hezngt itef edd is
endoscope) @E"g‘u?{aﬁ’gﬁpﬁgﬁ'\eﬁg'@;b@ﬁgﬁ i%lmatgdﬁacge%'ﬁgﬂgﬁ(%[‘) by an optical neans
al l owi ng i | mamipabtezh adbntatibgiypdiket 2ofmeheuring eamni e Bs seoe GBXved.

~ , 15 th il ] [ he ti i S. d
for 1 ove tneMdsogver peEReueTthoo! eaBhePbeurt- Hiral Badhed ot MEGHPdl”, o

then reinjeqegd 590t antERERUSUCH GncreBBingesoditienThg tprecigimehasd tdiso $oanni ng
system is then returned on the detection pathway by neans of the

separ at2hg phiatreizingheechasigskieartiannautemetsd W3ehol e. It is then detected
for exanple by a,photon oM t ok il i gnal
originating fro,ml\??lré3 ‘Bﬁ}é{cgl?z{yeglﬁ%%’qu@}[]égtng%{%@gﬁ;&eﬁp tlﬁggn&g)ﬁgist ?fzaterd% in

- order to be tghs pbayRRIRNa 808 meaittiny tediaiien of a ghies wapalengtidersducigad i n

particular in International Patent Application WO 00l116151. In the case of
t he anal ysi Pasgllel llbiralr@@paéqeam-sﬁw"ugﬂgamw PP es that are 25
encountered are linked to the lowratio of useful backscattered signal to
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parasitic signal, which, in order for the i mge produced to be acceptable,
‘requires a quality of illumnation beara which is the best possible and

preserved throughout the optical path, 4n particular regarding the quality
.of-the wave front and the spatial distribution of the focal spot intensity

whi ch nust _be 30 | bl L th di
the s de. ol ESBRERFHRIOre RIADP 1 & SOPARTBOG TR 1n: Aelehelsh S80L K56 ot " ne
|11 um nat i %nhﬁéf@r‘{“gfa ﬁaﬁﬁétdétéctt?m Paﬁ’\“‘?tr @ythaﬁcaeffu@afe@ hSghlBrlPas tweul ar

due to the parasi ectirons occurring at the inmage guide 1nput and to
optical trapatialisdiretidraul(dcanaing)hisy sraoptorgecahicai] systeronok ysitrorss Ani el d

def t f t | | nt t |, Pat ent t WO
00116151 rBRHiFanBaaRBANE) PIKS UaRHIS S5SeiH S0P L 00 NPORL AhPRal

resonat jng rﬂﬂgéogéuxgé's‘ﬂ%%?efﬁa i %éélgé ﬁné’ﬁ thBOBYS LRE édest:tdlb@OcSy ag into

the i mage g rrses a ocus or m croscope objective. The
present | n\(ﬁ%érhu@éd mamdtéﬁef séverof tepsafdhousarals edfléxibie nipticalt fibras. TBU$,npr oved

quality of the illum nation beamat the image guide input. and resul t
an i mage qudla @lyemweﬂtppaeaflth@ Pphq?%!cf'bﬁ%%gfttﬁ% ‘W%W‘%‘r@ﬁ%@cﬁ‘&?

sol ution, \gg\, ahgda?uceg'% ?IHLg]d ?@Jtﬁﬂéntthe SEaMIbER SatiRfing

mniaturiz rod proposes a confocal 1 nmagi ng

equi pnent  ithefarddecglide dreﬁnjameﬁ%meswembywmgulmldm@eahom nﬁgm beage
constituted byerX|bIeot|caI fibre ;1

tt]e r oxi mal
end of The PyriRgansuPHdNe ANEETS. c@o'ﬁF‘BH'lﬁ’&”?'fgoér? leleﬂnli"}‘?atqufﬁ“ el W‘?Eé{hs f or
angul ar scagui, F%Oéor%ﬁ* bcﬁéphbdlgéanﬁ}éc BlnbRI PddtE@ lﬁtBeth@e%gi,fbhﬁfét ae

alternately into one o the 20 i nage gui de, neans
Separati ng aperoptibtenpreatdusty m:amg@:hnj\ thbenﬁaﬂe@mh@némfs&ifgﬁadosc?mﬁs for

spatial filter,i neans for dete aid signal) le for
cont rol | i ngdYi4Rgi ﬁf‘?@eén{‘]‘)@i $ iBr '83%%”?9 By af hQP 5@@ {é’g@gm gnal and
for displ ay,llu%ﬁﬁ'aﬁorp?ohhﬁyﬁﬂdprﬂ cﬁfthé @&edwﬁ&tats trsk ebsdrhedi Aegey gordent, an

optical head 25 ada for focussi n%t e illumnation beam com ng out of

the i |1 16ri nttecdp®tl lljrl@manmg thevissueda Daskeeaiiesed @ndfelows the severae pr?é%ns for
angul ar Scanpm@wcgé%ﬁﬁgmae rﬁs?BQéﬁéc%&e dd'f {Wsrthgh r&’&%c@e@ﬁflt?@ﬁ'@%é%%c

frame mrroP requency 5hd' T cal “optical syste
adapted to garje)@mergbs fim R0rddvhes\the sicanning systam tie tbennjreltglam@d phdhér ane

mrror and the nmeans for inj ectlonl thelma ‘gy each optlcal
syst em r esp&etegiignt Rathwan P&I MEaoe (P S&Bé"ﬁt‘(‘g P qiE?]eQn HEFFAga
spatial di sty tbFH% 091e0ft henLQcRtesRat fdMERNRbIY b| PSPhGSHAtidIRr tde an
di anmeter of a fibre core. _
20 avalanche photodiode. The signal originating from the photodetector is then
integrated, then digitized in order to be displayed on a screen.
A device of this type is described in particular in international Patent
: Application WO 00/16151.
In the case of the analysis of a biological tissue, the difficulties that are
25 encountered are linked to the low ratio of useful backscattered signal to
parasitic signal, which, in order for the image produced to be acceptable,
requires a quality of illumination beam which is the best possible and
preserved throughout the optical path, in particular regarding the quality of the
wave front and the spatial distribution of the focal spot intensity which must be
30 as close as possible to the diameter of a fibre core. On the side of the

proximal end of the



Thanks to these optical neans, it is possible to guarantee a quality of 5
‘the illum nation beam and a honogeneous_and optimal |evel of coupling fibre
by fibre. Each optical system can conpr%se either a set of standard | enses
.making it possible to carry out the scanning and the injection into the

i mge gui de_coupl e 1.t h cust om made,, addi tional | enses. having.the function
of 10 corré’@?gﬂgg‘{'&%%@spﬁgﬁ aé'ﬂ@r&ameoﬂgwaq% ﬁ%WdetEH§§B?Ct&Pet?i)t§et of
cust om Madnlefis aRd Apat8I K IAGRMHIAE by 10 A6 Parhdli: TeNEHBRS oty xamp e.
an afocal optitTal system conprises four [enses, a corrective doublet of

whi ch bei nghplimegd quidastputcand Yo oetied!itransnaissibe farkygeat phaseamekg |nidt
possible tqo correct the curvature of field and 15 m nim ze the wave front
error. In 6?188{‘0'1‘ §Y$i6MSh 'telfxgﬁejorﬁnf‘goi‘h\@aY%E’PBh%rIroﬁberrati ons, the means for
injectign into t er;rﬁ% [ ' . i efid ng the
angul ar @scanni nglhgpit e .Wﬁ%@f’?@ﬂ'@ggﬁyﬁo’??éﬁgﬁ |lc())rr1\%Fj a'csb?g%h{ﬁr?g of

t he i mage guwadeinghsydemocgmpsasss opRimecianical oeddredtingdand/edgbloanomedat t he
20 residual curvature of field of said set of |enses. Advant agequsl

; | y
accor di ng tBHE RRJeHE Systermelos Bacipai Btaehfs Mage coMit® ofPMRGSCSfhI yzi ng
and di gi ta'foBﬂQ&ﬁ@ég@ &’forﬁ'@&o%%gébﬁ ciiignal and display nmeans conprise a
Ion car a‘dpte inp '

synchroni zat a rticular for controlling in a

synchroni zed nanfieg présentoresntidn bés thee alm né progodingran eguipoest aid &5

adapted to know aé any rmgﬁtnt_ t he £osi tion of the illumnnation beam

scanned Y TrMPRYed ShelitynokHis BHMIRRONLReAB Athempdes 9dide 1aRdt 8dhér 2

advant ages i exi tartkd ik f bpLi i £al kows of
Wshltvﬁgﬁﬁg&g??@? als® uln']pg(wed‘? It E& ‘Fﬂ%%‘iﬂh:ené(/nm?i’bg‘r’]ﬁ}gﬁgsm@é

an enbodi nent, ion re s to Figure equi pnent
accor di ng teolgtdn, 3ohiehbdisli lowacosts sieplesentiapiernagt, asmdt ivdadh ycan nbéi gur e
1, an equipnent. | roposed for .producing an image of a site situated at a
gi ven dept hrq}?ngng%‘egr? %H‘Odé'gggi"gﬁ{ys%ﬁfyﬁ perpendi cul ar-to the opti cal
axis, said equi peros®saY i 81 BenfeBal MRGGIrAY suidmeadsin tpdreslidy Bevenal
tens of thousands of flexible optical fibres with: - on the side of the

pr oxi nald enfN@Pseane capsisig ae image guideceonstitedury Mgxiie opticat iRieson
beam means}Ngtﬂr angul ar scanning 3 of said beam neans for 5 injecting 4
the beam deflected alternately into one of the fibres of the image guide 1,

nmeans for separatiog thet bile lof utienptdximabeath ahdhthiendge kpdad:t ar soursegnal ,

means for spatjal filteri nﬁ%fj, geans of detecting 7 said S|qnal., el ectronic
means 8 for qg Iai”n@“”}i {37y PREMaRCNG IR P BE 863NMYI ST 9 DESMect ed

signal and fua i RRIAUERSY tRNEed® defRBtddMtsrhdeIPintd bRethrthalkipfidoPthet he
i mge guide 1. an optical” head 9 adapted for focussing the illum nation

beam | ed®i ngmabe iguidevi maeads f feyr esapfarating i thegeillumgnatim | beama dretudsed
point 10 i nb%@ﬁsc%tﬁanrgd Psigﬂgl?rmggr?s %S tsgg{'lalzﬁlrt]eerinlgl, r%]:aatnrs]efo(r)pc}ét(e:&%nghgg% 9
signal, electronic means for controlling, analyzing and digital processing of the
detected signal and for display; and
- on the side of the distal end of the image guide: an optical head
25 adapted for focussing the illumination beam coming out of the illuminated
fibre.
The invention is characterized in that the means for angular scanning
comprise a resonating line mirror and a galvanometric frame mirror with a
variable frequency and two afocal optical systems adapted to conjugate first
30  the two mirrors then to conjugate the frame mirror and the means for injection

into the image guide, each



Al'l these neans are described hereafter in detail. 15 The image guide 1
‘al l ows access to the subsurface analysis zone by transporting the source 2.
If it is intended, with the optical hedd 9, to be inserted into the

. nstrunment channel of the endoscope, it mnmust have di nensions which are

conpatible (a fewmllinetres in dianeter i.n accorgda ith clinical use).
| t rr})s conspé’ﬁ"iﬁ‘eﬁi’SEﬁfndﬁSB%W gy iy WdW@V%ffrqr]?@H%'&r(\&gﬁycaﬁd E@Vlf‘pb? es :
surrounded ; ] i j fd ; m%q?‘l

i nter-cor esg%%éé}ioﬁgﬂggﬁo%??&%gé (%ﬁ S@%’en%%ggﬁ;)nécgfaggoo s%%tl a bf 2

resol uti onfibBycavay of exanple, a guide of Sum tono trademark can be used

constituted by 30,000 fibres with a core dianmeter of 2.5 tl%gqand i.nter-core
spaci ng of 4 pmlhgpke tgihese epticaljrRars I rapR¥PIR todaraRigEal A9 I%® 000

rccorai g (0 IR adedy, PeBRFSR £ tode BB EIE ot SRIAE! BrRERELAPIRRRE P e

and in an ggditggsed manner, using the scanning neans 3 and injection neans

4. The useful dianeter of the image guide therefore correngnds to the core
di aneter of an iBachnPRHEAdSY$tERE cagocomprigteiihghge @i Afestenfardfnsssed at

bot h ends w f. ASS I fil ) i i gh to
rej ect the%é‘pggi'tt ?%ggrle Itgg{:%ﬁgggmeﬁmﬁ%%P?%gr'iln%%hrs}éér?]tg tggflg{r;h%ﬂtéhe

refl ecti on quesirgoupectwitheukidmenduindideitionplitensesd hauihgi the furetiohl ofim nat ed
optical fibre for the reflection occurring at the image 5 g i de output. The
gl ass pllat e@r[ﬁﬁg@ggfbea'fﬁsi'd#%f@%’fqt@ﬁswfe%tt@ﬁaﬁ'fd ﬁﬂst?rsdgf & 6§ ﬁPEiCH? the
light refle - S, i Qnstituted by a 683 nm |l aser di ode which
must have a&%grg;/erb%% vvavrg%f)r%gncﬁjagﬁ/gl ity, less than or equal to Al 10.
According to theA¢sording fona paiiculai exemple, polafedali optmatieystem ephptisdsy
synchronous_ detection the 10 usefuyl signal fromthe parasitic,reflection
occurring atoyf 5‘1%6&%’@‘%@81&?%3%& ‘&é‘cé B R c,edaey%pp{ﬁlcgpy {ﬁiéﬁ\feaser
can be usedy, MY ihB§e G9h& emakedav gbeIIIENG Bofrdst #R0TERAIIIE dfafieldvdves e
absorption into the tissues is lower, is |ess extensive; noreover, the

equi val Ent povienizethst wase figohegoeeat er. The nmeans 5 for separating the
illum nation beam and._ the , y . Lt e by a
50/ 50 separati ngmcﬁﬁogerfgor fé@?%@ﬁﬁ@ﬁﬁ{% gtﬁzigﬁfa 'ng%RgﬁgP%&Z@an&%ﬁ%g%E| ate

can al so bejfjsadn e the dmigecuideadsnridtave ddieoff lenees dor obnvespingduei ng a
diode matrix of the same optical quality as the |aser, di gde of, ”(]32 source 2
and whi ch i @ngdlapscanpiagt @dtiye Hreimstion Beam tppa dr jongk seannin®idh db€on of

O St 20dnt Bk | iRe AnERASHBHS AL BRI BCHOORICladaifd RS ddRidO IR Na!

are present 1n r anspor source duplication systemin order to
illum nabe tréddsalgnavatgee défiéldfesaiy/sétidiienseBhe scanni ng systemi s

tituted by t i d wm t ti I { —_— } ML
(o a "1ine" mrrAAvRBSRASHg 2BroTaNG BudndieoRon. the HFt e HLe o
gal vanonet riggntblliggeanyzingran diital fratesdhe ol thd HemeaRryighat amredisplagnd 300

Hz. Each optical systemis constituted by four |enses, respectively L1-L4
and L5-18, ahbéans eompripegasydenrjzatiaiecardmdanted i pattiselarfor eRjaliietid t he

mrror M arﬁaﬁ&aﬁnﬂégﬁggz %rgw%_ri tjﬂguﬁmv% &3¢ APhEeCRhe S%rﬁf e *?ﬂglfo?s ey, have

aberrations w-den € spatial distribution t he focal

spot i nPensiddaptdBRo Rabwt aSpamadnémeat ithe) paditien ohehe njlewtnatonnbaas 4 and
t hus degrade the coupling in the inmage guide 1; - propagate the flux in the
sheath of tH€a"R8Fe guide 1 which woul d degrade 5 the PSF at the end of the

gui de and theref _ | \PBnd Bilger SnERs L3
and L6-L7 are i dgﬁﬁ %ﬁ%&?ﬁ%@ﬁﬁgﬁ@?ﬁ%ﬁ? gﬁéaggégdsd)n?ret rically rae ative

to the i magewiiltmremeravident indigiht obthepdesariptipnwvhich fdllewismgfedt ¢vhodiment: he
“image guide by correcting the curvature. of field and by 10 mninizi t he
wve f Son  ePhish AARTDHOR et 40 SosEr € iorbichy o s Er Ao dhg 6 <%
30 embodiment is represented diagrammatically.
In Figure 1, an equipment is proposed for producing an image of a site

situated at a given depth in a plan P of section XY



L4 and L5-L8). The infection nmeans 4: These nust have the m ni nrum nunber of
‘aberrations and should not degrade the guality of the wave front in order
to produce a focal spot close to the diffraction limt in order thus to
.produce an 15 optinmal coupling with the addressed fibre (a PSF equal to the

st anaara ¢ eefiode Rl R af SRl ROTRo R Bt vl °

aberrat i ongoétithitel by 5eV&hl teHd oftABBS Andssr fFelak!b(@th@aqubrés Qiitf: The means
for spatial filtering 6 conprise a lens L11 and a filtering hole 20 T

making it pdms'ihlel side of $be epcoxiond! endhef thelioagaaguide 1t iabsauiraed protucing
adj acent filr.

whi.ch can gener rasitic sign he size of .the
filtering IO guménagll%] 38t rqetarg(ff)F @QE%&??W'W@ aﬁa%@ BME3ES (e core,
taki ng pnt Qn ééﬁr@ﬂtthbh?eéfﬁgﬁf{écféﬁ bﬁé‘m‘éftew f}ﬂoQﬂ{é Sﬁ'thesﬁﬁﬁe%%fbcﬂb"lﬁ%@et he

fibre bundle input and the filtering hole. The optical head 9 conpri ses
sever al optglm& 1nemsa‘br eapagatmgrﬁ'megdalucmnaﬂom e inezrd érreeb@mhsgaﬂer@m the -

illum nat ed optical fi an | as pI at es esc | bed above
at the i magtdti JRCHIR Jat %9133%‘\,\@"% H%Io?fé%ﬁ%& Hli nt o
contact wi té]eét%@'rﬁ@aﬁ@% %P@%tramngb ahﬁgﬁﬁﬁg:?ﬁ&;tcﬁghﬁ”prdE@@sﬁQtd)fCﬁJe nmeans

have the foll ow ng characteristics g anal ysis of the
ti ssue at adelegied sqgnaia&'\drfardtsmlaylmgx aeveral hundreds of mcrons; -

m ni m t he . aberrations.in to transcribe the PS [ e

Ui de. JBF putOToiE FHC T SBE Bisim AR egrideR Siod Reenanien br ARG s i
- optim zi nigr fFheussRigHHe MOHRhAtth beX@ leblingtRelillurhirR@ed GiBtsler e PRidem zi ng
the wave front quality, - if appropriate, dimensions conpatible with those

of the mst@tuﬁemmcaw&mése@poaﬁ ériadbe prne Roimvles thpepatact renmd 1 @b i se

for exanpl eo;?né fRg, 5t em form ng a custom nade objective. r The detection
means 7 conprise an aval anche phot odi ode as signal detector which receives

the signal contiAlithedeymetahe apardesciibed headter or debailat i ng from the two ends
of the signal gujde being carried back with the sarre or der %15 of magnitude

as the Weful 5| Shaiimagecquide hatlows agaess & &e REDETRE 8PalY R ULRPY essi on

oL "o SRR PG, b8chep] R SlbBcl oA B ShukaPhead s e

control i nglranetbgizm*tg dmel aistrutaint pcbamsdi nfy the endoscope, it must have
dimensions which are compatible (a few millimetres in diameter in accordance
with clinical use). It is constituted by an organized bundle of flexibie optical

20 fibres surrounded by a sheath. Any guide having enough fibres and a small
inter-core spacing can be used in order to obtain a good spatial resolution. By
way of example, a guide of Sumitomao® trademark can be used constituted by
30,000 fibres with a core diameter of 2.5 ym and inter-core spacing of 4 ym,
or a guide of Fujikura® trademark constituted by 30,000 fibres with a core

25 diameter of 2 pm and inter-core spacing of 3.7 ym. According to the invention,
the fibres are illuminated one by one by turns and in an addressed manner,
using the scanning means 3 and injection means 4. The useful diameter of the
image guide therefore corresponds to the core diameter of an illuminated
fibre.

30



of the detected signal and for displaying conprise the follow ng cards: 20
- a nodulation card 20 of the |aser source. This card all ows nodul ati on of
the source at a relatively high frequernicy (of the order of 100 MHz) in
.order to produce pulses (14 ns < T <_ 100 ns ) at regular |nt ervals (cycle

ratio of the order .of 4) nchr oni z n

functions: 25 - Eﬁgter%q'fi? %q‘élpe%é‘ﬂmﬁ] 9@% %ﬁnloef\r,\g e rs@gtne}]{}‘%

the movenerho@h ihge 'fn?[]?é)f{hnrck%no'%h%de{] R mréé@lb r@ﬂectror@fodwldwthg at any
nonent the position o | aser Spot thus scanned; - of nd%/nchron|2| ng the

em ssi on offllteheglraeaams §o£ﬂ’rcfé\eptﬂf®@§0bem@umrweabm& dibre Fnindleinbn®rdl 1 i ng
all the other

3 | a et ccibioadng ik Sora B R ind eyl e AinEarkRe ' o
particukar fadd 'o% &Ufrh@ 15@3@@%%@@@6%@%@&% Fe@ehahi Phorder to

di gital -ana ogue nvert programabl e | ogi c conponent (for exanple
an FGPA ci rmoirhjzevthe éiphf efieatesi.t he signal; 5 - a digi taI acqui sition card

23 whi ch Kk [ bl e t f di t
v eam and o di L S9es s wriufien oyr O HRJpS HiBd IRt Sh Hhke Frnge
processing ety GHdd #Av8YUto Sﬂuéﬁ‘t* O\ss {hBR érauvqlidlf @ RAML. oXcdor@inyt faethko

detector card i's formatte 'ocessed so that it can be visualized then
i nterpret ednvémte)rprtbnse@edefls eﬁnﬂﬂﬁ(.bll't puler d6 Stph’ﬁeby rwgebfmastclféeﬂtiﬁa{gﬁegw de

const i t ted sever ns of thou s _of fibr anni ng

of the att‘é'?&%%{ﬂ%ala}ﬁ)’gﬁté%lp@f%ﬁ‘?? E%Sfﬁqcﬂo? t‘?&CV ﬁ‘ﬂaea 5% '@8@%&3‘@%? )énﬁﬁ

processi ng. AJ‘&Q/&QTa‘H@eaS§bl&909{;§éllp§se$rc%nﬂfé3t\!$é’cﬁ(ﬂ>utﬂ#ﬁe dhoitb&ffidelergitioup is
onstituted by signal procesSing processes aimed at calibrating the signal

ecei ved. !the §0€)+&§)§ pos dapdewhere | dhgorrticn inie dheglisaesc isuIwelg i# 4653 s

i nherent of q t to certain
syst em noi s%%tgﬁ?ﬁé @3?‘%%\}63?‘5 g@‘ﬁéaéaﬁéo%igf(%Og’?zsnéﬂghrq?r%g%ependl ng on the
scanni ng contr ol The egheam, 5arfdr i t8patatibyl ithy dieninatior. bEaeseand the
processj ng processes are essentially nonodi I’ISI Z% 2. The secg  gr oup
al | ows 1pr Bi@ﬁﬁfw d rﬁ@rﬁ?ré?té‘ﬂtlegnh%rf Yn%gj%b 9 RERavRTY SUBELDL ng
Processes (éaﬁﬂﬂegﬁaahhéémli S@Pﬁ?ééﬁ%ahﬂg bitRe @RA &isd ba®eBani cal process.

These processing processes consi st an inmage . restoration process)
fol l owed by a rafihd szangmuemeaps Scleae tile fonchen abregirpdicingicodiode roaiEXsmal |

novenent s. rocess ocesses, are .r

ta\l:en f or aE’E ?gmn‘)ptﬁ?gggggﬁyﬁ ﬁ'\enlr?ﬁe %grf? tﬁgr%)%éﬁ? g\rlr\%(ﬁclp\é}hliz}%dltsggg
adapted to b@qnja;%téa i by ABrd. nm@red;mr@@%ombﬁmm Slaybmstarivaird epticsli ment
variants are possible in particular as reggrds the line mrror ML which can

r esonat 20 at memnshakovgogioosgesing\of thembexaipne tatigne presenbinges) trayPedal
systems whi ¢l 20, R§ d%% &ét%rysystem in order to illuminate the signat guide fibre by

fibre. The scanning system is constituted by two mirrors M1 and M2 and two

C optical systems. The mirror M1 is a “line” mirror resonating at a frequency of 4
kHz and the mirror M2 a galvanometric “frame” mirror with a variable

25 frequency between 0 and 300 Hz. Each optical system is constituted by four

lenses, respectively L1-L4 and L5-L8, able to conjugate first the two mirrors,

then to conjugate the mirror M2 and the image guide input. These optical

systems should not have aberrations which could:
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fibre core). They comprise a custom-made doublet L9 and a standard triplet

L.10. The doublet L9 allows correction of the residual aberrations of the triplet
L10, namely the curvature of field.

The means for spatial filtering 6 comprise a lens L11 and a filtering hole

20 T making it possible to select only the illumination fibre and not the adjacent
fibres which can generate a parasitic signal. The size of the filtering hole is

such that it corresponds to the diameter of a fibre core, taking into account the

L magnification of the optical system between the fibre bundle input and the
filtering hole.
25 The optical head 9 comprises several optical means allowing

convergence of the beam emerging from the illuminated optical fibre and two
glass plates, one being described above at the image guide output and the
other a window adapted for coming into contact with the site and producing an
index adaptation. The optical means have the following characteristics:

30



the injection nmeans (4) conprise a set of |lenses (L10) adapted for
‘converting the angul ar scanning to transl ational scanning of the inmage
gui de and 10 upstream a doubl et (L9) ad%lpt ed for correcting the residual
curvature of field of said set of |lenses (L10). 6. Equipnment according to
claim5, characterized in that id.set of lenses (L10) (i s a. briplet. 15 7.
Equi prent accor didigWieg é‘ﬂ@fyéi's 9€§‘epp§%lé%iaﬁ@ g?%*ﬁn%f SQURIRIAENS P RS H ¢ hat
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reject the parasitlcrgéé Fggﬁrgﬁg outside the filtering neans (6). 20 8.
Equi pment accor dimgimn@inntheodbdrhatigprseiaediagtactraisteipe cha P&dt et theathage t hat
it conprises a glass plate arranged at . the i mage guide output intended to
rej ect the parasigq@er‘)é‘?@‘g&ri 31%8%%{93}’\’ Ovhmgﬂﬁwﬁﬁﬁa%é%ﬁj%qui%%{f)”f‘lr@re. 9.
Equi prre?t accordijpg to one of the preceding clains, characterized in that
25 the line mirrorr (ML ) is a mrror resonating at a frequency of 4 kHz.
10. Equi prent accaptinizing iheamfumneowdlinighlever iectadi imggel guids )byctitirazirer i zed
in that the frame mrror gl\/Qé has a variable frequency between 0 and 300
Hz. 30 13 11. E{&Waehioadwilling to any one of the preceding clai s,
characterized in ; | eg I NESSaf : l¢, 4 ahyzing
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The detection means 7 comprise an avalanche photodiode as signal

detector which receives the signal continuously, the parasitic signal originating
from the two ends of the signal guide being carried back with the same order

15  of magnitude as the useful signal in order not to saturate the detector. The
suppression of the parasitic reflection residue at the image guide input is then
carried out by digital time filtering.

The electronic means 8 for controlling, analyzing and digital processing

of the detected signal and for displaying comprise the following cards:
20 - a modulation card 20 of the laser source. This card allows modulation of the

source at a relatively high frequency (of the order of 100 MHz) in order to

produce pulses (10 ns < T < 100 ns ) at regular intervals (cycle ratio of the
order of 4).
- a synchronization card 21 which has the functions:
25 - of controlling in a synchronized manner the scanning, i.e. the
movement of the line mirror M1 and frame mirror M2;
- of knowing at any moment the position of the laser spot thus scanned,
- of synchronizing the emission of the laser source pulses before
detection;
30 - of controlling all the other cards via a microcontroller which can itself

be controlled;
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10 detector card is formatted and processed so that it can be visualize then

interpreted. The process of acquisition of the images via the image guide

constituted by several tens of thousands of optical fibres and by scanning of

the latter leads to specificities in the image and appropriate processing.
Two processing groups are provided:

15 1. The first group is constituted by signal processing processes aimed at
calibrating the signal received. It is thus possible to eliminate laser/guide
coupling faults inherent of the acquisition process, as well as faults due to
certain system noises. The calibration can take different forms depending
on the scanning control precision, and its stability over time. These

20 processing processes are essentially monodimensional.

2. The second group allows improvement of the interpretation by integrating
image processing processes (2D and 2D + time) specific to the opto-
mechanical process. These processing processes consist of an image
restoration process, followed by a rapid alignment process allowing

25 elimination of the small movements. These processing processes are rapid
compared with the time taken for acquisition. These algorithms are entirely
automatic and are adapted to the nature of the image.

It goes without saying that embodiment variants are possible in
particular as regards the line mirror M1 which can resonate at another

30 frequency, for example 8 kHz, the afocal optical systems which can be entirely
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producing an illumination beam, means for angular scanning (3) of said beam,
means for injecting (4) the beam deflected alternately into one of the fibres of
the image guide (1), means for separating (5) the illumination beam and the
backscattered signal, means for spatial filtering (6), means for detecting (7)

10 said signal, electronic means (8) for controlling, analyzing and digital
processing of the detected signal and for displaying; and

- on the side of the distal end of the image guide (1): an optical head
(9) adapted for focussing the illumination beam coming out of the illuminated
fibre, characterized in that the means for angular scanning (3) comprise a

15  resonating line mirror (M1) and a galvanometric frame mirror (M2) with a
variable frequency and two afocal optical systems adapted for conjugating first
the two mirrors (M1, M2) then for conjugating the frame mirror (M2) and the
injection means (4) in the image guide, each optical system respecting the
initial quality of the wave front (WFE) and having a spatial distribution of the

20 focal spot intensity (PSF) equal to the diameter of a fibre core.

2. Equipment according to claim 1, characterized by an afocal optical system
comprising standard lenses and corrective lenses adapted for correcting the
residual aberrations of said standard lenses.

25
3. Equipment according to claim 2, characterized in that the afocal optical
system comprises four lenses (L1-L4; L5-1.8) a corrective doublet (L2, L3; L6,

L7) of which is placed symmetrically relative to the image plane



109 ()-'a Z"10%6G& ()- 1098 ()-r<<T===>d>cDbCl ! 10%G& ()- 10%C& ()- &
10938 () - #10%38' () - Y 10%G&' ()- f&LOUBUKE () - Zd>>>J222 @~?bCl, - #10%G& () -y
+10938 ()-! Q &LO0U& () -, & 1098 ()- ##109C& ()-f! p##10% (& () - f

@ @@BAGAHAI AJADYNC!  10G 10G 10Gs610%G& () - 4@109%G& () -

&3109%&' () -,/ 109%& ()-F. 109%& () - JALAFBBBBC}* 1 I N'109 () -

109& () (]2 glowing qgrge%cﬁ'@nlqﬁme(gu(r%qty(ge of field a%}d nimlr%zalt\iro%oo{&t%(g véa?ve front

G' 10%&' O‘%W) & ()-C DDWEF@ GxWBYNC! ! $q( 109XX& ()-9 1$q(10%&' ()-9!'!
10%&' ()-!( 9& ()- Y 10%, 4& ()- )!Y 10%WNV& ()- "G HnHI 1L | 1YIrS4
1%&'(()- @O0%& ()- 10XX 10XX 10XX! 93#109XX&' () -y110%X&' () -

| HBq( 109& ()-9YLZITI\I IfIll1oK >'1Y "10% hi h& ()- 1Y "109%Q%& ()-. S 10%
h& ()- |f' fodsqepmENEEsIeIsing Yo claimid. gbam@l@wm@‘w%wﬁéaﬁfoca‘ ’

h& ()-1p" %@ ' ()- 1 H&10%hhhh& ()-M 0" &10%hPh& () - M &&10%F& ()- MY "10%
h& ()- 29 | NPPbC! Hs' 109%& () -

5. Equipment according to one of the preceding claims, characterized in that
the injection means (4) comprise a set of lenses (L10) adapted for converting
the angular scanning to translational scanning of the image guide and

10 upstream a doublet (L9) adapted for correcting the residual curvature of field
of said set of lenses (L10).

6. Equipment according to claim 5, characterized in that said set of lenses
(L10) is a triplet.
15

7. Equipment according to one of the preceding claims, characterized in that it
comprises a glass plate arranged at the image guide input intended to reject
the parasitic reflections outside the filtering means (6).

20 8. Equipment according to one of the preceding claims, characterized in that it

comprises a glass plate arranged at the image guide output intended to reject
the parasitic reflections outside the illuminated optical fibre.

9. Equipment according to one of the preceding claims, characterized in that

25  the line mirror (M1) is a mirror resonating at a frequency of 4 kHz.

10. Equipment according to any one of the preceding claims, characterized in

that the frame mirror (M2) has a variable frequency between 0 and 300 Hz.
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moment the position of the scanned illumination beam.



