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ABSTRACT

Wehavebegtin toqumtifythe abilhyof~
sWOnmoespmmmpy(ARs)mduecttheKmovdsld
qkesnmt oftllelid ofasilnulated~ial nuclear
~(ktnm CumqmmUy,theacoustk specbumof
●mmainsreambldm

. ●baseMnef@c#pr@ whichwe
seft!rtoa8 anin&inskseal, f(Xthecol@lKX simply
_andm#=in@ elid_s=ofthe
~~--=khti~tody
d@ipteaufthe- ssPmemabuweeat helidand
~. F-miMry quamatiylesdts ~ *
theARsi@inSicsealcouIddkmmimebetweencaaea
Whmalidhas ffbaotbcetremoved. ThepreSmt
workisdilectedatquantifyingtheutilityoftheARs
kurinskSSdtedmiq%includingthetedmit@ltsensi-
tivityto%tkmce”efkcw,suchs ~ swings,
lnoWncmtefthe coMnsr, andpkWnentofthe tTans-
-. 7hescendyqu@tativeWttssupportthepotm-
tial of tbe ARs irtIrinsicseal application, but ako
reveal ● pettsibk sensitivity to nuisance effects that
Caddlimitemmnmentsorcadikns Undervdtichthe

echniqu iscfktive.

I. INTRODUCTION

AcQustic remnmce qecmmpy (Arts) isa non-
destructive evaluation technique developed ●t IAM
_ Naional hbomtmy to tWIWtidly inteno@e
solid @iects mtdcontainers.l~ Ilte field-pertabktech-
niqueevaluatesacousticspsctrarapidly,inexpensively,
andIlon-intnlsively.

M solid objects have natural IK* (fmquenciu)
at which they can vibrate rektively freely. These
natural vibrational frequencies and their sharpness

-YemtiPhy* cbmcmhksefacon-
taincr suchas its size, shape,andmatedalcomposition
aswellas80esses placedondY~hWliy.Acwsticvekc-
ity, viscodty, density, and contaminants in the matmial

-s work spomoredby the US Deperunentof Enert},
Of!b of s8fSgudSd sectxily.

@4aedwiIhinthe Cu@K!xalmafhctl emnmxx fro=”
ties.Chmgesinany of these~ will affectthe

.pmmnetmindiffmcnt.. ~-m--
~~-f====

ARsmaybe useful inmanIwWingcontahmmd
tkechg~. Mauseakimun~of~
midtwace~aceust kapsurummtd(wch~
changes thespecbum inadifferent way, itisnearty
impossibk tomturnacontabr toitswigin alstateif
thecaMaus havebeesl~“ficantly dkaabed. concep-
tually,an item’sacoustichguprint providesa means
todetectwheth=or notapcmn hastampcredwiththe
antaburs.

QusMativeresults, pwiously reported,demon-
stratethe potentialusefulness of ARS in establishing
and monitoring the intrinsic seal of a container.
Limited numbcrsofspcctra wcreobmincdin these early
teats,M qmslitxive NIyais suggwud that there would
be only minor changes m spectra in cases where no
tam@nfI occurred, whik spectral differences were
Consisu!mtlynmre t when a containers lid was
Kmevedandmr

We are now quantifying variability of spectra in
cases where no tampering with *e Sims” kd special
nuckarmaterkl containashas occulmdmldwherecon-
tainershavebeen opened. Early testawereoptimizedto
minimize nuisance efhcts. Laboratmy-scale testing
continues to extend these results into more opera-
tionally rekvrnt settings before field testing proceeds.
Nuisance -ten being tested include effects of
Chmgesin ambkntreanpcmtum,thermalcyclingof con-
tainws,replacingtransducerserdyapproximatelyto the
kcationwhcmthe baaelineapecmlmwasdtained, and
vibrationalnoiass. Inpmallelwiththeseefforts,we are
examiningdiffemmtalgdhms forcompatingspctra of
thesameitemto optimizeantdyses.

11. MEASUREMENT TECHNIQUE

The ARS technique obtains a apectmm by meas-
uringthe container’svibrationalresponseat a mies of
discretetiequutcia. A measurementbegins whenone



tmnmkxz which actsasaspaku, induccavibntions
iitthcobjcctxagivcn fmqutmcy. Ar~@ansdmr,
wbichacts asa Am3pho% detects thcviktionai
m$pmse*ti-. lbs~ thcnsepto
dtsaext~mdrepaatthcfxocessuntilthseatim
----m ‘fk!qlcm&Xd&ss
klth * redlltioa (dffcmce in frequacybstweeu
stsps)andfiqxmcy mgc(stutdstopfmqumcy )of
die measmmmt. In Fig. 1 wc show an example

onccabaaclins spectrum iscstablishcdfor the
o$jP%tktmespactm fkomthat@ectcmbc compm5d
tossssss iftampaing hasoccurrcd. fnthistypcof
application adiscrhninator must bsuscdtoasacas
Whsthaspcctma r’esuffkkd ysimiktoindkateno

=2Ym=mT&-t ‘-cmtainaandits
camnts.

ARshaswydcsimbk attribute%includiugths
following the excitation amplitwk remains constant
aadlowthmgbuttbc mammncnu so fhccontenrs
aIeoIdymhdmslly di!mmb@ mbicntnoiasisfikcd
Wtifitistmiuallmcw bdwidthbt!itlgmeaswe dat
that timG mcasmmats can bcmadcillkss than 8
minmand thcmustic spcctnun can bcdisplayetlin
realdmh Absdftbeyondfomdonal matdalscan-
ml ad accountability is the possibility of simukanc-
Ottdy monitoring for pmnidon or degradation of
thscontains?faHafetypwpoaes$

s
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‘Thcatircaystcm consists ofm IBM/IC-AT3S6
W similar hafdwvc, an int”mal elem nits board (of
smaubatkry4pcmtcd cxtcLApackagcconmncd toa
_~_M~-232*)da*
dsmauumaku’s. ‘ftdsmakes tbssystemportabk
md incxpcdve, extending rhc range of potential
~.

III. DETERMINING A FRE UENCY
$RAiYGE FOR MEASUR MENTS

useful fqucncy ranges fw Mxinsic seals may
-~-~=*~8@JmW
dtypcofconw, soitisdssimbk to fdaquick
wayofasss#ngagood (notnt%csdlybcst) fkqMncy
mgefatiys& Qualitatively,we bsganbyloo&ing
fdramngewhcr cl) thc~amplitudc ishigh
amossa@pnmblzof 15aonWM,2) ~-
mwelldct3ncd and3)lesonaH peaksarc generally
_ b. each other. COnccjXdy, this should
impfovcotmdumh&Mm“ ability bccauscsc@Mdon
betwcenpoakswiul’educethcpdability uistacanpar-
isonalgorithm willassociatc apsak that has been
shifted withancighboring pcakinthc basclincspcc-
8un. Silnilsdy. WoidingfwqlxmcyrangesW&mfKaks
we extremelyshap (only a few pointawitk) improves
t&probability thattheanalysis al@thmwiklmcog-
nize*which shoulduYn?!fdcbctwamspaMawhcn
insignifkantslufis occtm.

20 25

Frequency in kHz

Fig. 1, An exwple spctrum.



IV. METHODS OF COMPARING SPECTRA

Two spctra - b c.mpwal qualitatively by
owt@nglit clm131pcclradcam@.og tknvisu-
auy, whkllprovi&3 KRnchuight imD15w ARstcch-
*. HowvcY, Vkmlly cmn~ p m*-
mhlcwiMkr mrnIriltsic dllzslwulviok.wl ismn
meffcctivc qpmdlfoftWnMsolW mcvalrnthc
~dnommpming, tkzc —ekaysamcdiffuu=s
kl’wul~d-~*9n811MFcr-
mcum8i@ka8t cwltot Munuu puldysnbjmh’c;
aK19KJLmtLvkmllycoIqdng prndcmilisvay
Ihtccmmniqg mdwoukl bccxaundy hfficknlfor
-~*ha-titifi*
rxnttlm~afkw~

-f bprfcum mobjaxivcampisal ilisldllllo
kcrii the similarity m difference between span
qumuimtively. We examined four &fmi@ns of Llw
5irnikity &-Iwc41spcln d two &finilknls d diffcr-
aKX3bm’vmcnspcua Tk9cme&wu.sA in-x
B. To simplify discussion, we rep rcsuk of one

l(x)

o

Lid removal

dmbity ~: the R8rml CtwTcluionCMficicml
Wwum IMmndizd Sp!aJa Although I’csulu Vmicd,
Ihi8povcd dtcmaad qxmbbkinkbifyiq limik-
&imbuwalqlatm wlra’cmomlpiqcmHuL

V . DISCRIMINATION B~WEEN
TAMPERING AND NO TAMPERING

Ocuxwelmvek klltift iafkqwatcymnge Itlu
gives highly I’cptkibk Iwuha Wkl m mnpcrillg
bccc91wl d&Jci&clmamcllnXl :Of ~
~wtknmusi~iuwhdmtunpering
witha~(ia lhis-simpl yrunoving d

-s~w~~Y-~w=--
Fii2,ba lliaOgrmoflhe Pemcm alrrclatial
adkifzt buu’cmdiffca’cn! spaua dl&zamccOn-
Iaimcz. Y19cpO@aIkm onlhckfl~f3 $pclra
wiurcthclidw8amnOvaibctwem masuluncms,
Whikthe popddon onthcrightwfmcscau ~tn
~w’hnm ~ cRXIncd In Ihlsilw8wc
thueisch 9qw8tkm buwcul & two populwicms,
mtppdng the @bilily IJtalARS may & uwful fm
~tititing~~

-fWtcst W8%boWvc!r,pcrfaubcdlll xkx0@l’lal
cadkbns. Spec-ba fcu 8 given com8iDcr were all
obtaind cmlbcsmlc d9y, csrcwasrAkm Iorcplacc
uaMM-Ws rnIhcsmnc~kweal ~ - s,
lhcccnMincr lvMlmtn’mvcd bctwammcaammMls,
mbattilv asncgligibk,mx lthcroclm tanpraurc
WMsmble. lzdlofticffasm tlaakbccx.nllillal
to determine wlwkr tbcrc r. limitations cm the
cnvirmmms in which k ARS ~ntrinsicm.k may be

~.
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Fig, 2, Use ~the correlation co@ieIu to &tect lid remtwl.



~MwmxlmHOcmam IJmhedtalawerc
pdalncd al Ccwinmwhcrc nomdllpcri.ngOccurral

Ixnwkerrmsck mwueranovtd mldonlyqquoxi-
mdyfqkalmtktmtc~. We~th8t
thcb’nhmwm gcmxmyrqkYDd withhlacdmc-
tEYdtihxdm wbcrctQlinc qEctl’awerco&il@
dfk~ wmMntunpuedwiIh *dwwllrn
Hg. 3, the anaprisaI algdtlnn podd a much
w’ilkr&xtrMml“ Iimrnth cmakcrilmdinktial
V,~dmtbc ~maybchigNy b-
livcmcm’cM pbHncatdtms&crX Flmktral@
will bdb’emcd M~tmYwk tkb’al19kers
-llcmlmd lvithmd Mk’dydktiQgtkdi.My m
(S

. .
wtbawuac&Bc# wba’ctmlpabg h8s(Xhan

m~

Ilr@crcdtsm aydmd?pabda ldmcmpriml
d@Xitb~ umda-blQ4aKh8sti
Iifying @klcaticms Mdcompinglhesc ~
~ hd of cunpming spectrapoint-by-poirw
may improve these results. Even if this ~ not
*ve * fesahs, a number of rcktively simple
~~dpmttitim*ag-
nifbnly limiting the @.k8tdity of Ihc technique.
Toctmcwmlmvcnscdonly tbefomsimibity masmcs
dtwDdinuKz mcssucsckscdkl rn@mclix Afor
*- Wepknb3exprhcnt bhwith*
l==m-titid~~m
&aTnimifdtivity b3tms-ukcnlcnt motha

nuisuwa!ctamllirabkxd -
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Fig. 3. Slqpy mandncer pkuemcnt @cL



VII. SUMMARY AND CONCLUSION

hlmlqnimizd~ahmtkmwhuc~
Memtd.tamtd mksssimulttcd Wttp-ingaxm,
tieMIs~tim the ARSintridc A~h-
nkpcalu.klpovkk mld-vctocmvdcud alrds-
Thcachamage oft&~ RSintrirtdcsed istlmtit
l’efkcts lKitmly tbcin#cgrity oftttcccmmincr tmttk
integrity d the cmtcM4aswclL If furlk teas am-
fimttlmttlw~ismamtetivc tocascs
What ~Is me Ktlmlly rcalmved lhal -s my

-~~ -bymwtia
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APPENDIX A

M@. 1* fnXpluKy~ lwirg * lug- SNR
mdcmcdth clargeamragcvslut-sof (fwMfroin
Xtm to 30,cm Hz.

APPEN91X ●

-fkfmxl-~ lnaumeswtk~
cmehtka cdlkkat LmweaitlmadiflcmM vmcr-
v8hwdftEtims of the- qKun-fb ~
CY)rrchicm Coemcknl ha two Vulmx x =
X1,X2, . . . . xnmciy= yl. yz, . . ..ynis

wcdaK4c chccwiginddedspcclla (divkledl
V81ucsbythcnuximlm Vak)byxm’dy.

1.

2.

3.

PesrxKl CwduiOn ckfr’’icfltIx.twutl x
andy.

R8mlll Cmclmhl Cmffiiialt tutwcmlIhc
~oft.hcFmmiexTmwfoMIofw
twoqKclJ8-

kl%m Cmcluim cocftkiu)ttmwcul the
circldwmMIxulc18ticmflrmtim of h two
z m Cil’culu au~l&ioil ~.
rkmofavc41c# islhcsmlc &stlwmlwal’c-
kticm (ACF) of L?: vecm provided we
assume that W ~ irsdf as follows:
qqxd the arigina.1 datO, x1,x2, . . ..xn.
wilh Xn+l ‘~1~xm+2 =X2, . . .. Xzn =Xn.
T%$ntbClAgk ACFOf X1, X2, . . ..Xn is

~(Xi - IxXi+~ - E)
+-

~(Xi - X)2‘
i=l

f(Xk=o, 1,2, .,., n-l.
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fl(~i/~x-~,/FY)l
i=l
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