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@ us<d py hel< drilling néaran <dgé. They fellew<d hels
depth evsr ma ny millimsters, put thisa ppre sh 1s g<emstri-



VIsw (J;QV)a nd & ré mustbd o ken te nsurs th ta 1l reflest-
ng interh sssa 1< loa t<d en enly 51d4 of the zsre deh y.
Te cr{l téan mm g- m ny schm 1 1nt-‘rf-‘roga ms aré
cqu1rdd sern lly py the sp-ctromJtJr prn-ssdd nte A-linss,
and then disph y<da sa thres dimsnsiem | ch b st of reflve-
uvity versus dspth v ‘rsus Ahné num, or. In pielegie I im g-
g, the A-linv nump ¢ o urr:sponds te th¥ tn nsversé pesitien
as thJ 1M gINg hém 1s A stsr sa nnsd. This preduess an
1 gv of rJﬂJcthltya sa funetien of twe sm ta 1 dim<nsiens
knewna sa B-med< ima gJ (B bnghtn-‘ss) Altsrm uvdly, if
thdba m 1s s tie, the A-lins num sr serr<spends te tim<a nd
thd resulting 1ma gJ 15 all'd an M- med+ it gé (M
—moucn) This typs ef 1m gJ 1s ussful fer obsérvmg fi st
sha ng<s n the depth-refletvity proﬁlJ of the @ mpls. 1
<xa mpls, e@ xnl 1ma ging during the pereussien dr1111ng of
304 st inl<ss st<<] witha 1070 nm tJntJr wa vdl\Qngth 100 ns
dun tien ﬁbJr hsér (IPG YLP-1/100/30/30-H ) gives the
M-meds m gsm Jg. 1. The ma shining frent (yright whits
curvd) 15 seen dJsc-ndmg ~600 um inte the pulk ef the
| mpld The comletJ steh ddpth versus pulsd numy, sr rJh -
tienship 1s ept n<d frem drillinga smgl- hel<a nd rJqu1sz
ne pestsut nu tera 1 prowssmg
With a squisitien n tss ef svéna feéw tens of klloh-rtz
M-med+ 1m gesare net onlyablé te dlrutly maé sur< steh
latésm1 putalse m malt poel ﬂow11 and ether dym miss ef
h ser drilling preesss< w1 nes ansmg bélow the ma shining
frent 1s pessipls, M-meds i @nalse p+ ust te guids
plind hels sutting ina r1Jty of ssmitn nsm rent nu tera Is
mneluding p1elegia | ussus'® dvén when the Ja et 9 mpls go-
emstry 1s net knewn a priori.

9 SE DESG

Ws ha ve désignéda lew sest (<<$10 000) seherent 1m-

a ging systJm witha n 1m ging a 1< of 27 kHz tha t 1s suih b“
for us< in industra 1 h ser ma tJra Is pressssinga pplia tiens.
Ada-p V 1s smplha sizéd ever Vary high reselutien te tel-
“ats @ mpld a rapilitya nda lignment impr<eisien. rther-

mers,a d<sp ,@Vallews mers mutsral rsmew l b-fersa
meehnial a dJusthm 1S nedsa ry. It 1s -xp-ctJd thita

V eof seven m1111m3t3rs will X634 ‘d the ustul deth of
ecus of mest h er mierepressssing systmsa nd th ‘rJfoer E

a quLa t< for thésva pplie tiens.
The proposdd systsm 1s comprlsdd of a ﬁbdr-coupl o
supdrlumlnéscém dieds é LD) a sustem spdctromdtdr anda
fiy, sr eptie Mich<lsen interféremster thi t @ np < interfi e<d te



eut consadJnng velums = rt diseeunts, this d451gn 1sa ﬁ{th
of th- sost of semm 1ab14 pielegie lly erisntsd, B-@ T
systJms whil< previding twies the . @Vand simihra equisi-
tien m tss (27 kHz versus 29 kHz), a nd s#n51t1v1ty (97 dB
sstima ted versus 91 dB). 2 In mulupls (up te 100) unit pre-
dustien, pulk sempens<nt diseeuntsa nd dirset puying seuld
result ma further 15 20% sest reduetion.

Aumpl#tﬁ syst;‘m weulda lse r#qmr# custem int<rf ¢
ing with ma shining hé ds fer speeifiea pplia tiens. This @ n
genen lly bJa uompllshdd py medifyinga mén perta nd
sheesing th< serrst dishreis eptis (net meludéd n eost s-
tima tv dus te high \ara pility pstwssna pplia tiens) te sem-
pind thJ m ginga nd ma ehining hight. Additiem lly,ana p-
prepra t¢ foeussd b 41 m da méter fer the mm ging p+é m nd seds
te p+ choan W¢ prdct tht th- 1 ging a nd ma shining
light will b‘ feeus<d by the @ me OOJJctle (though this 1s
net néesss ry) Whos- few 1 length 1s prJtherde by Xist-
g m shining procéss dJnn nds. Hsr, thJ cheies of the
| mplaa rm eellina ter & n l‘ us<d te glVJ the désired fee 1
sha o steristies for ima ging. ellim tera hgnm-‘nt @ na lsobq
us «d te comp#nsa 1 for foq 1 léngth \a ra tien ef the o) Sstivy
bdtwdén 1 ginga nd ma shining hight.

Asan s mplsa pplie tien, w< eensidsra ma ehining h -

sor ha d witha 100 mm fesusing léns. Te ma nh 1n uniferm

1ma ging ovdr the ddpth of fisld, the eellina ter’s feal léngth
sheuld bJ ches<n se th t the feeus<d m ging b.a m’s Ray-
lJlgh 0 ngs 1sa pprexim tdly hlf the systsm’s dspth ef fisld.
o the sétup dJSCI‘lb sdapevs, WJ chees<a 10 mm eellim t-
1ng lénsand henes, -‘xp-cta bém va ist of 27 um (1/42
intensity u dius)a nda M yléigh n nge ef 2.8 mm. Nets th t
te a shisve m ximum a xa | rdsolutlon witheut a dditiera 1
semputing le d rJqu1sz prcpér compdnm tien of dlspdrsun
misna teh thwJJn thd i} mplda nd rJf-‘rJnc-a rms.

The design 1s fl ‘X]bl-a nd en b‘ medifisd te imprevs
the mm ging nt< (witha n upga déd @ men )



depths within thé @V te ferman im g<. By sentnst,an
a ntmpt‘d rels fer fJJdba ek systdms will p+ te triggs ira
sha ngs 1n the ma shining systsm (- g, termim tJ smissien)
enesa edrhin depth lnsp<en ré ehid. In this @ s+, @ leuh t-
mng the rJﬂ-cthlty frema 1l the ddpths 1s ch-ssw Insté d,
w+ demenstn té a s1mpl-a nd Jfﬁcldnt seftva r< methed fer
therlmng when drilling ha s p+ “nétn tsda Ppreseriy, «d deth

S t rting witha desired depth, z,a nd using Ea. (1) with



préssed n tirms of 10° linés wer sveend (klps)a nd the réh -
uvs s p:.‘d mnerd s< fi etor oyt n<d by using thé homodynd
filter.

r ery small and very hrge plesk sizés, the _ T
methed 1s very slew. This 1sa result of limit tiens sp-nﬁc te
th< In rdva r<a nd seftva r< <nvirenmsnta nd net th- sempu-
b tiera | compl-‘xuy of th- cod- Asa result, the bdst theerst-
1al semm risen pstws éon the twe mstheds 1s ths mudsizé
blesks. Here, svén when the _ T preduess its p, st szults
the homodyné filter sull outp Jrferms 1t by twe erders of
ma gnituds. The< prima ry ré sen fer the diffsrénes in sp-‘éd 1s
th t ths hemedyn< filtsr a veids the 1nt-rp0h tien stsp a nd
@ leuh tos enly ths usdful supsst of the nfernu tien th t 1s
oyt nd by the

Whil< the Iind pJnod limits the a w threughput n te, 1t 15
enlya mimmum \a lus for the tetr | f-‘Jdba sk h teney. IntJr—
rupt h t sneya nd otth d; h ys mhsrent te d<sktep Ia rdva re
and opJa ting systémsa réa ddi-a nd ma y ultima t ‘ly bJ the
demim nt térms\lxor this ra sen, wea ntisim t< th t the full
« p]bllltlJS of I ll-ba s<d fJ-dba sk will netp, ¢ ré 1124d with-
eut the us< of d “die ted pressssing ha rdva r< in the ferm ef

fisld pregn mm bld @tsarays (fPGAs) or applia tien-
speeifie mntsga t «d sireuits. Thés< sempensntsa Iré dy xist
n mny med<rm @ méa s, ineluding the en< sp-clﬁdd hers.
The & s of 1mp14m4na tien of the homodynJ filtsra Igerithm
desergy<d hers enherda @ msn weuld erreumvent the desk-
top P bottlén“ka ndallew ths @ mén 1ts<If te diseplin<
the nu ehining systsm.
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I']hs the pountal te prov1d4 ra 1- tms fJ-dba sk son-
trel te industra 1 h ssr proc:ssds Hew<vsr, the sest of <quip-
menta nd sempuh tiem | everha d 1mp4dds Wld-spra da dep-
tien. WJ have proposta low cost1 I systsm tha t 1s suih le
for 1nt-gla ten 1nte <xisting industra | pru-ssés Additien-
ally, we hn v< prepes<da nd téstédana Igerithm tha t 1s suit-
apls fer fe Jdba sk sentrela pplie tiensa nd neré s procv‘ss-
ng n tes by twe crdérs of mu gmtud- The an-‘ﬁtsa nd sests
of thd thhnologya rsantieim t<d te imprevs with th< futur<
us< of dedie t<d I rdva rva nd fPGAs.
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PW. onwlv <d ths nita 1 1d€1 RE ss1gn+ da nd puilt Jqulp—
ment tea cqu1r¢ din, wrets pressssing cods, supsrvis<d the
low sest systsm d451gn and wrets ths ma jerity ef th-(gm nu-
seript. L.W. spJnﬁJda nd d ‘scrled the lew sest @ T de-
sign, prov1d4d <ditern | suppert,a nd m m gdd the refsreneds.
K.M. 1mp14mdnt-‘da nd tested the homodyn- ﬁltJra lgerithm
and predus<d 85 1, 3,and 4. B.L. previdéd <ditern la nd
MATLAB support LY. previd «d Jdltora land MATLAB
suppert. . suerv1s <d the résé reh té m.
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