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ABSTRACT

WjccLs rc.sorvucat specific frcqucncics when
mcchamdly cxcitcd. Thr specific rc.sonarrccfrc-

qucncics arc a function of shape, size, material of con-
struction, and COINCIItS (J[ the object. This paper
discusws (hc U.SCof acoustic rcsonarwc spcxtrosuoi)y
(/iRS) (() monitor” contamcrs illld dc’lccl Lunfxring.
Evaluali(m 01 this k’~hniquc is t-wc41 on simula[cd
storage situa~i(ms. Although thcw simulations show

promlsc for this tipplicution of ARS, fin:d evaluation
will rquirc iiCIUid field tcsling,

i. INTROI)[I(’T1ON”

Acouslic r~soni~n~c srtcIJ(w.x)py (ARS) is ir
nondcstn]cliv~”evaluation technique dCVClopC(fill 1..os

Alillllos Ni~[iol)iil I.iiboral[)ry [() ii~oils[l(tilly ll)[~r-i[)~il[~
sr)lid ohlcrls ant! lontaincrs. 1,2 Ik field polliltllli

Icchni(iuc CVillUillL’\uc(msli~ S]WCttil ril[)l(fl~, llICXIWll -

sivcly, and l)ollil)lri]sivcly,

All ~)fd 01),;[’(’1shaw natural Il](xfcs (frc(ium’its)
al Whl(’11 II)(’Y Ciil) VitMil[C rclalivcly f’rccly, ‘l’t)(’!.(’hilt-
Uml vihrali(mal 111’qucl)c](’sand their Shilr~)llCSS s(rl)l)~ly

(Icpcn(t (m Lhcpll ysic:d t’hiUllC crlsucs ()( Ilw ot),jccl such
Stltiiw, ilil(l Il)illCi”ii,l conllM)sllion” ilS WCIIilS il.s silt,

il.S slrcsws pliWC4f011IIIC b(Mfy. ‘T’I)CSCSIN’(’llil (’illl Ik

(l[li(kl J iit)(! (’u.siiy II W:ISIIIWl hy AR,S for I’ll[urc n’icrrw(u
(M i’i)ll:llilri!X)ll ()!” !;lntilar Ilcm!;.

● I’llI,. Wllfk ~ll]qwwli.!l Iw IIlr 1 I S 1)(.l\nll II, III (11 l.ll{-l~,\ ,

( )Ifl, r 01 .snlr~ll:M (l\ 1111(1,Sr( Illllv

Iarnpring, monitor the inlcgrily of a container, and
confirm the prcscncc of the contcms. In many ways,

this fingcrprin( behaves as a SRI], cxccp[ that it also
rckLs some parameters of the conlcnts, not just the
integrity of the container. Thus, wc refer to the ARS
fingerprint as an intrinsic seal. A ~hi~ngc in the ARS

signature indicates some change in the item. After a
change hw km dctcckxl, more t.imc-consumirrg anidyl-
ical methods cwr be api)licd to dctcrrninc whc!?cr the

anomaly rcsuhcd from unauthorimf acccw, rcmovai of”
matmial. damage 10 the conlaincr, spillilgc of contents,

or cnvironmcrrtid dif fcrcnccs bclwccn mcWurcmcrl Ls.
Sirnplc, rapid, urr(i norrintrusivc ARS mcasurcmcnts

may provide ii rncwrs of scrccning iiirgC numbers 01

containers f’or more intrusive and tllllc-cor~su[llill~ high

accuracy andlyscs.

Lnvmmmcrud vilriahics cim irrflucncc mcasurc(l
siwclra, so these need (() Ix’ u(msidcrcd in assessing

safcgumds ili)i)li CilliollS. ‘1’I)C,SC Vilriiit}lCS inciu(ic tClll-
pcrdlurc, ilCOUSliC (oui)ling 10 surr(mn(iin~s, prrssure
It)si(fc W’ conraincr, iill(! an)fwnl noise,

ARS is r(l:IIIvciy inscnsilivc (() w,~hicnl noise

tX’tiillSC Only lliUII)W f’rcquency Iwndwidths iill’ c~]crgim(l
M c x.ik-d ii[ each SICiI Ink.rvirl. Noise (mt~idc of dlis
intcrrogali(m Ixud is flllcrrwl (ml iU)(l d(ICs nol intcrlmr

with W mcasurv(l \IgniI:, Atmosi)hrlic iwcssurc i~n(l

lClllpCrilllllT V;lriiill(M)S IUIV(’ rciutivcly Wl:llf (’ff’C4’lsIll

!II!)s! ai~)ll~’i!!i[}!!~. .A[_(.ms!il.(l~lli}lit~~ II) silrr(mn’iin:s.
h:)wcvcrb L’illl rcsllll in si~nificun( siwctral (’f’f(’(’l+; i)h;ls(’

Irwtsiliol)i. Whl(’h Ir!ily (xlmr wilt! [ 11:()Ill !ilorilgC,
(’olll(i Ylll~\lillltl~liiy ill IC(’I (11(’signilturc, i(Xl(’l)t in (’;l”,(-~

of cxlrrnw Wminmlutc Vilriilliolls bclw’(’(’11 (illit)f;llloll

illl(l ill)l)ll( :llion, lCllllK?ri!(Ul~ Cf\CC1.\\lloUi(l t)(’ (or
rc( I[ll)i(’, P,(owsli( collidin$! 10 il l’(mrititwr’s Sllln)(ln(l

III}!S, SII(II ai n)olm[ing I}rii(k(’b or (Ilrc( I pnmu(i ttMI

(;1(’[, (’iIll :Illc(’1 If)r’ qw(’lllln) ‘ihcs(’ Cfirt’ls llw(f to hc

il\\C\W’(1 101 l’il( 1) ;Il)i)ll( illlo l).



11. MEA SLJREMEN”I’ TH(’tlNIQIIl?

ARS c?,circsu body at discrcm acoustic frcqucm
tic:>, listens for the response at LM frcqucnwy, and then
steps to another frequency. Each step is C1OWI() the
next in fn’qucn,.y and time, and the dcsirc~ [rcqucrwy
range can be swept in just a fcw seconds. Peaks can
rhcn be identified to dclcrm]nc drc msonam frequencies
of a syslcrn. This series of peaks cstahllshcs a “’fingcr-
prini” or signimrc of Ihc itcrn (Fig. 1), Altc.r-mmvcly,

peak Iocisti(ms can be usc(i to assess phy\ical parameters

of drc fill malcrifil (c.g,, fill height, [luid dcnsi(y, solu-
tion concentration)” if the acousuc response ha.<luxn
cahbratc~i
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ARS lIiI\ III;IIIy (ICSII;II)IC :nlflt)ul(’\, lrwlu(lln~, Ilw

IO II OWIII}:” IIIC rYiIliIIIOII ;IIII~IIIIII(lI. ltll)nlr]\ (OII\l;ItIl
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( {)1111)111(’1 , :)11 I\ll(’ll Iill IMIAI(I (Ill !.111:111I’XIIVIIAI l)n( k:l}’,r

for nowkx)k si/cd computers) and a pair of small (rar~s-

duccrs. This makes drc syslcm porrablc, extending the
mngc of potcn[ial applications.

Mcawrmd rc.sonantmrpli[udc.r w-c a?f’ectcdt)y

transducer placcmcnl. If Lhctransducer is close to a
node during rmc measurement and close 10 an anti-node

of that frequency during anoticr one, the reltitivc ampli-
tudes will not he the .sarnc,hut the measured resonant
frcqucncics rcmfiin invariant unless a Lran.sduccris ck)sc

enough u) a particular node k) prevent dctccu.ionof that

particular vibrational m(xlc. Nondctection” of a single,
or even a few, resonant trcqucncics should not signifi-

cantly harm the analysis In2causc multiple rtsonan( cs
arc general iy considered. T5is makes ARS a robust
sysmm for f’icld applications where i[ may he imprac-

tical Lnrcpr(xlu(c exact transducer locations bclwmn
rncasurcrncnts,

111. HA Rf)WARK

The ARS syswm u,scdfor this s{udy is ba,scdon

i~nIRM/I’C. AT 3N6 or sln)ilar hardware. This :io[)-

ports a single plug-in hoard (DSA 1(W), whi(h gcn
cruws the input and ~\r]iily/.c\tic rcmrn signal. Altcr-
niitiv~ly, k I)SA I(N fx)ard can h plticed iri a small

box conriiinir]g a rcchargcahlc baucry pack iin(l opvatcd
fn)rn a nokhrx)k-type ronlpu[cr (hrough an RS-232

ln(crf”iict>. This incrcisscs the portability of”[hc sys(cn),
A pair of uamvluccm complc(cs the ARS sys[crn. Ch~(S
Induces v Itlrillior)s in the (tiljcc’t un(icr S[lJdy irnd till’

other dclrcls lh(’ vitwali(mal rcslxmsr, f“lvxlir~glhc signal
I)a(k to the I )SA IO(), Softwilr~ ncccs,uwy l(}r (LIUI

iic’(llil~llloll ;111(! gfilphlCid dlSp]iJy X’c(mlpanic\ dlC I)SA
100,” ilIl(l (}IC cnlilc systclll l’ar) bc l)r(~urcd I(v il f(’w

U]()lJ.SUld doll:~rs,

IV, HXI’ltRIMt N’I’AI, I)t~:SI(;Fd

WC l]iiV1’ IISS[(-(J ARS in CSLItIII\l III)g iind n~(mltl)r

in~ in[rinsl( still\ on S5 gallotl drunl\ “llww, or

drumt 01 Sllllliill dcsl~n, ilr(’ USC(I Ill WVt’Iiil illll)ll(’illloll\

01 niltlciu .Sill(”uuanfscomcrrl such il\ ~itol111}!wca; M)il\

(orllln)mml$, I)l”:IVY WillCr, :111(I 11111’lc;ll W;L\l(’\, 1111!Ill\l(

Sc;lls Illily alw) I)c Uwflll Ill mollllf)tlll~ [ 11’(, (’y’llll(l\’I\

WI(1 illldll(’t l’illl~ (d s~kl’1:11 ;Il!(’lcill Ill:llcl 1:11

‘llw ;qIIIIIL (IIIOIi of ANS III wIl)lI\hIII~ IIIIIIIIL, IL

SCill S lIIVol VC\ Iv/(l lll(lC~K’11(1(’111 \ll W\lloll\. 1:11S1, (’;111

IlliilCrlill IN’ IT’IIIOV[’(1 lr~):il il Will(’(l IICIII W’lltlolll \l}[l)lll

i’illllly illl(’1111~111(’U’ill’) .S~( 1)11(1, (lo(’l, !Il[’ llllflll\ll” \(’ill

(’II; III}!V Il; llul;lllv w) :)~ 10 Iw Ill}l(lcll! lll;ll)l(’ ill Wllll(’ 1:11[’1

11111[’”



To gain cx~ricncc with Poh’nlifil piifalls m

applying AM LO.xakgumh wc htivc pcrforrncd prelim-
inary, Iahoralory-xcalc lcsLsU)as.scsswhtuhcr rcmovid
and rcplwcmcnl of the conlaincr’s lid (wi[himl dis[urb

ing the interior) can h (Mcclcd. TCSLSof nau.rrid varia-
tion in a c(maincr’s signmurr have ,sofar IW:II Iimml
10 rhcrmid cyt IIPg by exposure OuLskk and lCSIS pcr-

forrncd in a lahoraI(Jry widr high arnbicnt noise Icvcls,

All of lhcsc USIS wcrr conduclcd with the lrarm

duccrs rnagnctically auachul 10 tic lid of tic drum. The

Imrwlutcr locations wwc marld dirrxrly on h lid .s0

tic mruiduccrs could hc prcciscly rcplxcd. In muny
Fcimcslcsls were dupliuaud. In (NW, Lhcwa.rrsduccrs
remained MTxml 10 Lhcc(mlainc.r iInd in arrolhcr Ltrcy

were removed and visuidl y olignwl 10 clo.scly qqmx i-
mam their previously nurkcll posi[i(ms,

v. RESII1.IS

Ac(ms[ic sFctriI (Maincd on a given c(mulincr

urrkr dill~-rcnl c“(mditi(ms~cmwdly supprm Ihc possi-

bility of using ARS in cs~bll~hing inlrlnsic sctilh,
In ciLscswhere lhc clm~incr ~its ml tampmd with,

h rclalivcly mild cnvironmcnral uondili(ms (M n(j[

ir(lvmcly illl~(l lh’ siguillurr, [’(mvmcly, every 111111’
lhc c(mlnincr w:lk 0PCIW41 ml rtwdcd, dI.w qwclr:d dIl -

i’crcnrcs (Kcurrcd. “I1lLs,scrmul[s dm (rnly l)rclilninmy,

imd Iirl(l tcslirr~ is rcquirwl II) ils~ss [hc CIICCIS(:I
cw:ir(mnlcnrid C(mdlli(ms (m lhc tic[msl IL’ figmiturr.

A. Signulurt Stuhility

‘1’()ICSI Illt” slilhilily 01 ltK’ hlp,llillUrC will) ll’lll~Wril-

Illt’c shills. W’ plilll’d [Ill’ I’rilrrcl Ill [1111Sllll (tw 5 (Iily!i.
Almr cx~~wurl’ I(I IhI\ IhcrrII:d cycling, wc rrlurnc(l Ihr

u(ml;limv lo il tlllll:lll’(’(~llr(}lll.(1 r(xml whcrr I!lc rcllv
CIWC s~w(.mml W:ISmcw.urc(l. N(’w spcttr:~ mVLm:Illm(l

Uppn)xlm:llcly 40-1 1/. SIlll IS Ill mv)ll:llll t Kqllcllrlrs

wht’rl Ilw (.(ml;llm.r w;is still wwm, 11111wldllll q)l}ro.~

inmlcly .{ Ii(mrs Ihc spvtlrum rc~alnd ils {Hi}: iflill slruc

lurr. l’i~:urr 2 LxmIparcs IIw rrlcrrnrc spc(-lrum wIlh

Iln’ Iinal spr(vrwn ilfl(’r IIlcrm;ll l“vrlinp ;111(1C(XIIIII$.

~lmS!)llWIL’C lpilks (1[ ltlt’\L’sIM.’{’IJ;Ish(~W lN~ Sl~lllf 11.’:II1I

dIHcrrm.cs wllhitl llrc n’u}hlli(m {d Ihc mc:uurcmrnt.

I .mlilctl 111(’rlllill (y(llu}! M 11(’}!ll}:lhlc (“I14TIS !111Ilw

N’lulsllt’ \l}!llillillr. ‘I”hl’ IIIIIIJI (1111(’lmc\ Ill qk’(’rl; l

rdl{x’1 ;I sllghl Ihrrllhd (lLqrrvhlI.lMcId ml IJJItXI‘~ ;h ~mf

Ill”Sly.llnllllc,Wr dlllrll{lh’ ill~lt’10(’rMll”4I I(M Ihrllll:ll

cll(xlil vIh Ilh will lnVIIIIl IKsI(I :Ipl)l Ii:uI(}ll\ wlli’1(’ l~vtI
pv;llllll”. ( :Ililll)l lx’ 1“4)1111{1111’(1
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Fig, 2. Cmnpurism ofucoustic signatur~
after thmnal cycling,

A high-noisr unvironmcnt (krcs nol advcrsc[y
a(lc{t IJICARS Icctmiqut’. The syslcm was pliu’cd in ir
r(mm with u Iargc lir c(mdi[i(mirrg uni!. ‘Ilris d(xs not
MUIL.11rhr very high noi.xc Icvcls t’ouml in somv indus-

[ritil applic’u(i(ms, hut ii is sutficimu [() warrant Iimi[ing
worker rxpwurc to [hc noI,w. All fniljor rc.sonil~cs

W’CII’ 11’f)flldlK’lldl’ IWwccn il17illy.<S.

n . Tumper Indicu[i(m

Prcllmiwlry [MIS hiivc A) trccn pcrliwrl]c(l I()
(ICIUCIinmrsi(w IIN() [hc c(rn[aincr. The lid 1)1Ibis par-
til’uhrr con[ililkr hw ii pd(kd ring wlwrc Orc lid mc~i[s
Ihc dgc (d IIIC drum. Ttw lid is held in plircc hy a
kcqwr nnk [hi~i (’ll~i~~~s h)ih W Id :IIId [Iw I(}P rid~r

(d [hc lxmlmncr. ‘I?Ic kccp:r ring IS sc.urc(l tiy l~)llin~
[111’(qxm(xl cmls ll}~clhl’r,



No alWIlpL$ were made al circumventing the lid 10

gain cnmy. A wddcxi ring hclwccn tic lid and urmaincr
prcvcnlcd cffwivc wouslic coupling. Thus, acouslic
signau.rrcsobtained from the lid will no[ reflect the
inlcgrily rrf the rest of tic conlaincr. To gcI [his inff)r-

mati(m, a second sfmrum shnuld he ~kcn from [he

con~i:cr walls. IWcausc UICrcsl oi Ihc contincr is
contiguous, lhis .samd mcasurcmcni may hc sufficient

10 monitor (or irr&usirm sccna.rios hat circumvent tic
lid,

V]. D1SCUSS1ON

TesLs on lhc Mahilily of an item’s acoustic sig-
rmtr.rrcindicalc dual some rmorumt frcqucncics shift

slighdy, but in every ca.sclhcsc wcrr wid’iin a peak
half-widlh of each mhcr. Comparing lkw shifLs rckr-

livc 10 Lhc peak widths may hc u.scful in assessing
whc.tier or nol dlc shifts arc signifiuanL

Potential complications do exist in using ARS w

rxahlish inLrinsic suds. Environmcmal variabkx such

as tcmpcrihrrc and auuosphcric pfcssurc do affccl a c(m-
Iaincr’s !Kouslk qxclrum. lkwcklop lCSLSirrdicalc [hat

the.semay nol be signiticam, but fkld WSM irrr now
required 10 WCS* whcticr long cxfmurc 10cnviron-
mcrwrl conditions mfvcr.scly uffccls lhc stahili[y of ARS
inLrinsic seals.

Anuthcr qurstion in using ARS m cst,afdish arvl

mommr uminsic .sctilsis whclhcr WC sysmm ctin k
s~mfcd hy rcpla-ing authcnl ic.rna[crial with a surro.

Raw. WI: have nol pcrfornwl wry surmgti[c lcsL~

dircclcd il[ uwlcw Xirfcguardsappliualions, M rclcvunl

Icsling has Iwcn pcrhmrrcd for applictitions of ARS in
rnoniloring lhc chcmicd wc:yrons convcn[ion.3 in

[kc lcsL$,a surrogtilc chemical was cngincmd 10

chwwly mau--h [hc acouslir velocity, dcnsily, und vis-

ct)sily 01 dw VX chcmicul tigcm. (’ompring the
SIW’’lri1of similwly filled muni(ilms, u(mslic rcs(}-
narrccs fur surro~tilc-i’illcd rounds wmc signilic~nll y

shllicd from Lhoscof lhc VX-filled roumf il:ig, l).
‘I”lrcw rrxulls suRgcsl thnl divcrsitm sccrrurios in whii.h

nut’lctir nuwcriul i.~rcplaccd wilh o surnignlc wnuld YIill

k dclcc’lablc in llliUly m[rmsic will uppl Iciui(ms.

III U)IIW ~i~~.s (sl~h i~\ ;Isscssing [II(* slp,niliuiln~(’

of smull shifLs in rc.~)nill~tm ln;iks~, II may [w drsirahlr

10 Ill(mill If spcctGil shiqws ,1swvll :1srcsoniull frqucn
~.ics. ( ‘(~llll)ill i.um ill slRllril l’illl tW filcililillcd if l~tlls

dmws il!’1’lwrci.srlv rrpwnltmcd ~HlIhr c’(mlnuwr C:rr’h

Iimr. ( )nr’ :lppl’~wh wl~llhl lx’ l{) pmnumcrllly ;Illitlh 1111.
Ilnnulurrrs lti llw Itrnl, but Ibis wtIuld u4hl sulwl:ullinl

—--t---”’_’”“h
~ “

7NOIE lk reluwcdiffcrmcm in LIW ph durpmss
~’

d- II ‘

L
la 1s ‘m—.

1+’fqmy (kIrz)

Fig. 3. Comparison of real (tl) vs. surrogate-filled

munitions.

cost LOeach iwm, An ahcrnativc solution is to epoxy
magncL%to hc scalrxf ilcms. The transducers could lhcn

be magnetically rcpusitioncd to rhc .wnc kuion.

Test!’ on his approwh arc wrcndy underway.

VII. StJMMARY AND CONCLUSIONS

In the fiiturc, ARS may pliIy a useful role in safe-

guards applications. SpXr” obmincd using ARS hfivc
high noi.w rc.jcction; mc&wcmcnLs arc rapid, lypictilly
requiring only abor.u 10 seconds; rlw systems arc porL-

ahlc. with a lap-lop compulcr housing all required hard-
WWC;and acoustic spxua arc .scnsitivc to changcx in a

varicly of indcpcndcnl pararnclcrs,

Ihcsc a[tributcs make ARS aluactivc in field

applicmions ml where radiuliorr fields may hc high. In

ihc nur-(rnn, ARS may hc useful in cs~blishing and
monimrirrg intrinsic seals on individual imms. in par-

Iiculilr, we hope io lcs[ Ihc tcchrriquc (m pil corrlaincrs
tind [Il:fi cylindcm.

In addi[i[m II) cs~hlishing inlrinsic w ., ARS

rntiy have wrfcguards appliculiorls in process monilr)ring
illl[l l;M”i Iil y [Esip.n vcrif’kmtion. l“hC.SCapplictilions U.IT

hcin~ purswd in scpuriiw smdics,
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