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TI TLE OF THE | NVENTI ON TAMPER- PROOF CONTAI NER
CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s

wapphkioeeEm4 on is a continuation-in-part of US PRCT/US2004/043836
Application No. 10/981,836, titled "Tanper Proof
Container," filed Novenber 4, 2004, which is a
conti nuation-in- part of US Pat. Application No.
10/ 837,883, titled "Tanper Proof Container," filed My

gr 0\?;|og,)|40n15|1-lhI %SFPLIﬁitﬁ%ﬁﬁmﬁi}i\genﬂ It It egf ! 'qun'per

Proof Contai ner, " TAMPER-PROGE GONTARMERI. STATEMENT

REGARDI NG FEDERALLY SPONSCRED RESEARCH OR DEVELOPMENT

(Not Applicable) BACKGROUND OF THE | NVENTION 1. Field

of the Inv I!:E‘R]ﬁﬁ t \ﬁ%ﬁ!ﬁpﬁ I

security s?/ﬁ{ rm%‘ror sh?%ﬁ?r%é (?Sbnt al ners, 1géxes and

t h@hllswlpph(ahm 1sna)p<elt1pma,’atolflﬁmpmr bg/UStRat sﬂMhC@wuN¢ t 4/981,836, titled
“Tam er gEf (Eon%ne%a%le% ove %:aﬁ-] '%)bh ”\9111}% ss cc?r{tmga{ gﬁ‘-%??a}t of US Pat.

SUFFaceS “6f “such containers or nucl ear

Appfldfaﬁnfm Nat 6078371883 sitled ETarhper Phef Conthiaeriefilsd May 3, 2004. This application

o SEhPhl S et Pl L e BE PR Pl Gotiner
filedtTh@iaRs9, 260M. ps and aircraft. Smaller units of cargo are

typically shipped in cardboard boxes and the like. It
i's often d| fficult or i I’TpOSSI ble to adequately guard

t hes %?:G D
such w [ %\égﬁ,:lb?né sorriéﬁé |prren s
orlglnate in countrles rail yard
security may not be adeQﬂmtA@pthble}sequent ly, these

cont ai ners and boxes are subject to tanpering by
t hi eves, snuggl ers, terrorists and ot her unscrupul ous

peopl e. A breachgg- gﬁgmfv@qﬁ, /Pl e, be
| oot ed or surreptltlous cont raband, such
1. Feedd oflthelpatntidnugs, weapons expl osi ves, contam nants or

a ﬁg El%gﬁn?{nvaﬁlﬁﬁ LSS5 Q&Bﬁt&ﬂ@}l ra Q}?plpgu ﬁ afn@s, l?@@soeﬁ)lﬁ the like

og|l caf weapon, ic resu
and, Ahdne rpaﬁtculaﬂjr,;ﬂp sachngsecheg sy ems ‘andu caha@tecatampsm:mmﬂc am bipmaches in,

surie G o SnPal R e B ke o CrA LU B ™ ©

breaching the container.Such breaches and weapons are
2. IIbscfrfpltlombfthdandeﬂtrect The sheer nunber of contai ners

£ 0 Camtdet By e BB e S B 5 Pl i ob b i, shipe

and aircraft. Smaller units of cargo are typically shipped in cardboard boxes and the like. It is often

difficult or impossible to adequately guard these containers and boxes while they are in transit, such
as on the high seas. In addition, some shipments originate in countries where port or rail yard
security may not be adequate. Consequently, these containers and boxes are subject to tampering by
thieves, smugglers, terrorists, and other unscrupulous people. A breached container can, for
example, be looted or surreptitiously loaded with contraband, such as illegal drugs, weapons,
explosives, contaminants or a weapon of mass destruction, such as a nuclear weapon or a
radiological weapon, with catastrophic results. Alternatively, a nuclear or radiological weapon can
be loaded by a rogue state or terrorist organization into such a container for shipment without

necessarily breaching the container.
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i nspection of the exterior of a container is unlikely
to reveal a breach. Shipping containers are subject to

wo emglocdtandl i ng by cranes and ot her heavy equi POEDNE2004/043836
Many of them have been damaged nmultiple tinmes in the
nat ural course of business and subsequently patched to
extend their useful lives. Thus, upon inspection,

s urSuel braapkss gy Viserans e it ja detseid Tho Fesi pgnber of Containers and
boxkd B&h sl%ﬁp;raga?g@rday %ﬂ?ft@ﬁgﬁt toP ety B Soct BRAYone. Even a visual

secur si onal s woul e to detect breached
inspedtivnadiiibe sxtariel ofadlPedaindrvie unldqetyotegewﬂl bregagh. (Shipping containers are

subj 68%1 ? ’?mcﬁ]ﬂ% S_{' quges%n&) Qfinbr 121 xgr %nﬁ%ﬁJ Etl.eﬁ(%gi tgfi'/tﬁ% EQ\% been damaged

al ne romever en
multiple rtimds nmllidmmiuratf coptsaof bgsicess el svhsxossly tpla‘ehd‘d)‘mkdxtagd their useful

ani sm.of contalner t.ed val ue,
tivefy it aon el Do ie) Srously Horesedizng P Lplifel Ry o appeer
unréidrkablle PakisembREmAy Gk Qaity frofcssdhal vagldgaifee dgon bfuatted containers
be | oaded by terrorlgé as |egitinate car For )
and GRGRMIES HESR BFPOR; DESCOBEIRE wiBe Bt P60 PeHaly, gfoventing such

contaeRN6Hh YovE08HdrRk Shpéht. Cide GrrBR Mhdit@at of G cingd ¥eaB ¥EsRMMBe locking
usi ng unscrupul ous confederates. A single pbreach, or

mechppisy Afeh compngfdogr isapigbmided vabess ywhethst Bigienly awpsisglepreach of the

HRRP S GRN HaNBe SR ARILP RNIEdiSIONSR WBHGE Soul BB Bbaded by terrorist
o R P e T AR EiCioRion et Sould i oty temorist a5
legltlma@marg@n Fonexawples the tarrms@samldofﬂrcuméent 9t e9Irupt inygripryceontrols and

p 0 e a r

cardl, B Rl OB i Byl el (©0URRle breach or
circtun@ention iof) g earg@deliabrgsystan byrwhatéwer means ndir fave cavasirdphi¢ copsequences.

| ocation, such as a ship's control roomor a port

notification system At |east one liner sheet |ines at

| east a portion AETHE rface of

t he shi pping coﬁ?@?ﬁgr or Y. SUCE@VE (ﬁ@breach of

t héEmladithems of thehrresent @Wmonsm feteet aab@@chd@firﬁl@ daterigresurface of a
shqlﬁh‘%e on’?'aﬂ%?'br B GIEYgﬂlgttlanQfPorB LG wRidh OF neat lﬂ@co% ifdr or box and can

Saror Oradi ol ogl cal weapon, | npinges on I'i ner

therstrigger. anSiewin canbiifp e cerstabebnitaing dicstipnbeich i @girgsicangrol room or a port

Qat her ter, surfac such.as fe ces or ildin
nc’t\%ﬁir&fog, S??et gg Igast Ort?r]g’ﬁﬁﬁlgg I {%ﬂe§StsaLPr Lreka Fas{fja a1e]g%rn‘°’urﬁ’1Ce of
the Si&pping bentsinkroAbRS suchhigat ki Ibflﬁdih sihieegortitefdf Itlfb&ntﬁﬂor&pifaceallso damages

yat h_ext endj cross at ast orti the s

the s St PELAB0 O ST P 85 PGIALOrGH B Sia G thpees on the

lindr GBcet. Wuch 8dmet 108 cah alk® Bk iaftathbd/to dilfer Peri@ed sudthces, such as fences or
characteristic of the optical path or a change_ in

buildipgrwalisefq dstect bespchep @f Fl}egqﬁlffagqs $h gardm’ugr&I @gar é]ée gprfaces. The liner sheet

deffnbEAUGREM p2Hh RIRAGE: bk bt ledst a pHGorLAMANBE ' TheRBMcal path is monitored
I nterior or ot her nonitored surface is breached or the

for g phange sughaast 1pss of reductionéepntiowy, wranwptieal ghsracierstis of the optical path

or ab&ﬁlﬁ%ﬁﬁ 'a%ﬁgr (‘R&‘ISEC & Lﬁ% l?éhft ggﬁa(f %u&pag a,tﬁl% egw %@ﬁ%ﬁgﬁfﬁhlf'tﬁe container,

or aftered. a br
boxcinteriai neothetrmbmtoradaaurfmesa Ibretamd @pﬂuecﬂ@ticqb gtth is irradiated, one or more

ter tivel rad 0 ce ..o I r [
ports e et ) A6 b 20 10 SRRl 1R bled T8 b, o
brea‘dhajﬁ ge doﬁtainhﬁordbpk ba:rﬂireakahdbmaﬂ phth. Aﬂ&mhtit/ﬂy,tradlggmrcamduce or alter

the %ns o CBJ@%/S(E(%{; (?pglg ﬁ%ﬁﬁ‘ﬁ%ﬁiq%%’gg %Ha%ege % tﬁg E)f)tI : lcpatch can be used to

trigger an alarm, such as an annunciator or cause a notification signal to be sent to a monitoring

station via any of a wide variety of existing networks, such as the Intermnet and/or a wireless
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station via any of a wde variety of existing

net wor ks, such as the Internet and/or a
wWowesloersst el ecommruni cations network. Li addi tiPeT/US2004/043836

detai | ed acconpanyi ng nmessage can provide infornmation

about the nature of the breach, tine, |ocation, cargo

mani fest, etc. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS
teleopmmppaRARNBSHLT his @ddifien, oa hdstailed aacenmenanying vantsaggesan  provide
infof REH Sou i ngIROSHATN S Yl REBHESEAmAMIE A 0N Wi ! |

cone nore apparent 1 In art from

the foll ow ng detalled descrlptlon of an enbodi nent of

the present invention when taken with reference to the

accomSaRY Dy CRBHON ST THE SEHERAL NEWS Ot THE BRAVBINGS

eaghedo o8 RANE TodAHEE bd antadQN Eépfs&@ gnd E}ﬁbcfdhﬁé]ﬁseof @1@ \eﬂs&ﬂ invention
the corresponding itemis first introduced

will \ppgogie; meup @pparerit §0 Hogseskidigd it the art fomthg follawing rﬁiéiaﬂ%@eqnpuon of an
e ASERAC Y8 b DAl B AL i BGb s
Whlcsh thepfitst digid oS erak nedtrense dinagrbidensifienthp gura nuwlipl thewadresponding item
nitoring system according one ‘
is ﬁﬁﬁﬁ@%’dﬁ‘é %dq{‘lwﬁhgppr esent invention; FIG 3 is a
peFERp.elisi angerapeeive viewoola o ket abdtordmi{g olone rhbddiment of the present
rese i nvent.i on can be advant ageously

. ft
Hwﬁﬁ%kpg%gﬁmmfﬁ@yo2%%?%3%@' Bctive view of two |iner

shert.9 ig aRmgstified sdhe@eid Rigrand 6£:04i6i 4h8 opforal @ipehents of a monitoring
enbodi nent of the present invention; FIG 5 is a

SyStef g pREding gre W@Wt of the pressatiBYentitfinged | i ner sheet,

acEns di 39 peld éﬁﬁ% bty 2 8hOiniRNMn vficH dhSboBMRARNE the present invention

i nvention; F IS a perspective view of two nodul ar
<HHPQ%%wﬂﬂﬁPF%YF%@E@¢d|ng to anot her enbodi ment of the

pr Nt ;. r

PrSESIE i FNERREANAF) Gl e g SARELIMRHE LB o roter
embediyeul Qf@lﬁtpr@ifemtlh‘emp@resent invention; FIG 8 is a

gﬁgf@eﬁé 'n;/e%ef\fép%vﬁv%f \ngssl eof]fltar g’lgg\?)fe:ﬁl ¢ nte%' 1n she':et accorﬁmg a9 another
embmmnmmaﬂmﬂpﬂﬁqnwwwmmiced FIG 9 |s a perspect|ve Vi ew

b x liner,.according t not her. enbodj. nent o th .
o R A ety R Ve & V] ghotulaE e s R B iney eibodiment
ofﬂkmgmanmﬁmﬁwnlaccordlng to one enbodi nent of the

present invention, FIG is. a S|nEI|f|ed fl owchart
i | Flf&t ¢ 8 ianBerspeptivic ey ?fo‘i‘ frexible; eltaplgglingr |sh§?éra°§wé1@g to another

embSMARNEAST the present invention;

FIG. 8 is a perspective view of an aircraft container, in which an embodiment of the present
invention can be advantageously practiced;

FIG. 9 is a perspective view of a box liner, according to another embodiment of the present
invention;

FIG. 10 is an exploded view of a rigid panel, according to one embodiment of the present
invention;

FIG. 11 is a simplified flowchart illustrating a process for fabricating a liner sheet, such as
the one illustrated in FIG. 10;

FIG. 12 is a perspective view of a fabric embodiment of a liner sheet, according to one

embodiment of the present invention;
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the one illustrated in FIG 10; FIG 12 is a

perspective view of a fabric enbodi nent of a |iner
w@b@sgo7accordi ng to one enbodi nent of the preBENUS2004/043836

invention; FIG 13 is a perspective view of a liner

sheet panel with an optical fiber attached to its

surface, according to one enbodi nent of the present _
i NVt 198 a pergmctivy vigwdpf polingr shegt panel, withen optidal fiber attached to its

e : ' .dcal fiber,
Surfg%égércgﬁ n% {;En{%dg%%%g?%%&g&gﬁﬂfﬁgg%r esent invention;
FI GEGS164 ad715 418 pdamovieds ey lenep blwatsdaglnbavafig inpreghan one optical fiber,

S,. € ' one.optical fiber, according to

acc%@%%%%o%%&edﬁ%é{%? t "“H’é“%‘? N glﬁ%oni nvention; FIG 20 is

a [AGSpe6ti7ya8vandviSodre alani vievs shibed shaewi egrhrimvidg tdharoptical fiber,

one i cal. fiber ccording to one enbodi nent of the
a°°°§51é‘§g£{°“¥ RSP ofiecpressit gentiort nplified schematic

di 3gGapo Bfa pehBedtive SlewsiTaherthedr hisinglthoREhnams 6ptical Skr, according

circuifry, g&cor di ng to one enbodi nent of the present
to oPﬁ%]?ﬂq“Bfﬂto EProst FYeio8] pl i f i ed schematic di agram

of mrbeat iNghingligRl s&enfaliGdia B8 3S0CHRLES FIG. 14 and associated
. Circuitry, according to another enbodi ment of the
circyifrg sasaerding Jeene etpodimegt of fig: nreserf isveptidn; f i ed f | owchart

of G4 hod Pl HFRA s Rhal ] CGOHBY i

ongqgnb%gk? mg’ntp of @tsﬁ%ﬂgrgg% to %%ﬁ? ?lgrnéh él gﬁﬂlﬁ glﬁ%l associated
circpify gaceordingyd arfothst emodvinent ofthel pmepmbimzentibn;maj or

co n S N & orkn St accordi ng_ot.her .

crtadh goise Top TR AT oY P pr BRFRkALRNNE! sopording to one
embedjnhantefthppespeiatvéntion,yi ew of a set of |iner sheets,

ac [ t not her.. odi ment . of th r.esent o

368 Shat BRI REF it Tahii oMb gpEl of montoring
systéihs, fabdardidBothéd ctntoliidentsiol fhe pAfent vantioap Vi ew of a

portion of the liner sheets of FIG 26; FIG 29 is_an

enFaFgéfl 1y PR\7RIPded RRSTPEFTR 6T Phe sopf rdewhests pregrdingto another

embolifmendr thep@setli B9éMEH0f an al ternative enbodi ment to
the one showin FIG 29; and FIG 31 is an expl oded

perdBiett is e elapiviay offtheliner shepts sfide: 2Glaiddlaied to a fence,

roaniton e B A R TR e MEOPIGERT! v e

contlen?%is ot end@gethview Apppartert ¢fdie thip view®f 881, 2836, titl ed
"T et :Pr aof iner,: file epber 2004, L)
padt T St O ey S m ORGSR g

CoitlGi Bleis, dh dxplodetl perspective view of a liner sheet attached to a fence, according to

another embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The contents of US Pat. Application No. 10/981,836, titled “Tamper Proof Container,” filed
November 4, 2004; US Pat. Application No. 10/837,883, titled “Tamper Proof Container,” filed
May 3, 2004; and US Provisional Application No. 60/535,449, titled “Tamper Proof Container,”
filed January 9, 2004, are all hereby incorporated by reference herein.

The present invention provides methods and apparatus to detect tampering with a six-sided
or other type of container or box or other surface or a source of radiation within or near the
container, box or surface, as well as methods of manufacturing such apparatus. A preferred -

embodiment detects a breach in a monitored surface of a container, box or fence or radiation from a
4-
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May 3, 2004; and US Provisional Application No.
60/ 535, 449, titled "Tanper Proof Container," filed
wqgangasy9d, 2004, are all hereby incorporated BYT/US2004/043836
reference herein. The present invention provides
nethods and apparatus to detect tanpering with a
or ot her

sonsy PERE® ph S oo e S PRI FRESTL S box or ence

such @it a bRath othBXpEtioSeitheERitairRB inWWeib} suﬁﬁcd@tfél{ég Garfdges the liner sheet or
manuf act uri ng such apparatus. A preferred enbodi nment

radipiip fpR) the $UESARPIBCSN R ffRTt e PEHOR af the liker sheep The liner sheet defines an
optfcﬁf‘ b @ﬁEnduli%O%cr&% at feﬁé%% Iﬁati'tld'naé:t1 R iRl }551' ?19 WhCEticAd fiber can be

i ner she ines at least a portion of nt erior
WOEglY ks er emdwished betwegmlayers b ghediner féln@eThssQnﬁhaltmﬁt is anonitored for a
t t
chaﬂg@?{:%eg%lrcﬁlpcgl%%g{eg%%;bgg&e {J}ﬂﬁ C;f?iﬁle ?bﬂ;ﬁiam%)ﬁ: gﬁl?ﬁ urce can illuminate
ond ¢rgneftthreorsicalr fiher, i amp ia dightsseosor agn heewsd toadgpast theolﬂurmﬁattoh,eor a change

i n et r, she defines ,an opti cal
theLex 21% & ngleﬁgrtdo%‘se[h% 1|c%1£r{er. 3} %18 F?I}t%ﬂer’ol?oxtoﬁ enge, B a@e ngfe“hed one
or ﬁmmmdr&onsaff thpbpiial fibérhee searede otewere Hahaed, ernd the optical path is
Layers of, the_l r sheet.

brof Pl ROl GOt PR YT o R PAoB pt P aptical e, the

traﬁshmsaﬂttsa oF ffddfatedipotthtR(sp B ihe %bndaaﬁtbr £ %RIMBL Bpticdl path is altered.
ht source can illum nate one end of the opti cal

The ﬂ%%ﬁted apeedn |ﬂilf'g‘mtw§é>ﬁ%1an bapscdo (igee afl@laarét %‘é]t ag gjeannunciator. In
additidr I & bOn Rise®, HRRNAK 4 PRIKE Pom@nilA6n %Isﬂaﬁf anBRF 1R ternet, to
the optical fiber. If thé container, box or fence
a asgirplalogatios. 1saehn @h e shiisecapirohpam pmrﬂt |pgﬁantlﬁicati@e system. In some
I . r
en SR o P LSS B YR CBSEATBA. 0 o s
to @m ohticed fijemem heagempted,rﬂmja ahamge ai the dlghtarqnanissﬂnht}ocfhatahtensuc of a
tlca fiber tr i rradi ated
sindBbb fl ider 85 prolelind SRS BIGHR it e e bR T
opt BEmabdimahth of the phdsatt &dlenﬁ'diﬁ:ad ot &&Helﬂccﬁmtiwwplﬁaﬂyhﬁed to transport

e g B35y B P2 1 L B oL et ivcnin

beifig! ferfd i che \éhdhedoﬁﬁlﬁleﬁmlﬂt}ﬁ?saéx'aﬁﬁlesﬂﬁ tc&[ﬁuﬁé}q/OO Iis $1BO standard
Internet, to a central |ocation, such as a ship

conipf s Rt ot esTOL SOpHRETS AORGAFS EaDP BFRdsTia whodiensHrated in FIG. 1
1ncﬁlﬁpsoegh§{§ Nefhi-rigRl driflekib® p%ﬁelal 03 'sﬁgi @ cBir& FondCthan iR Qurface such as

bend, conpression, stretch, twst or o damage

an fgislegpali £G4, of isegontainer HA0. dihearand d 02 chube alid mémgwe qontamer 100 and
' t t f

ol A SRS B 04 0P L 1 by o ) o

hoakenscagwee bolts, tmgkcs Endsloati soeails fastfendrh €op skesven toni the émiideowall Other

t t
atta%ﬁmerﬁ%%) cﬁ?n? ¥ CSR sucr gl a n%ré% oL ﬁ(?og)( ani pﬁ? ;yg%gl's {(corrg{xe%c? avallable under
theltiaklet Smnal\/ek:rcia@) enashﬂndl aﬂmptablaf Int thie n{hlhﬁa,elﬂé phueY 80% ¢a@Mater be removed

ﬁro%)eén ?rga'}r?q?ﬁ@S Slg:rﬁ%g?;ﬁs%? }gﬁq1§8§ %%?%ﬁ% ; rag:gchteg Sthe inside wall

104 ot @ABE perbidhentlly Ve kerhi e ahtlE @t[HcHédﬂ:ﬁér&oOOpﬂi)&PéE}S a8diflonal panels
d. .The enhodi rrent illustrated in FIG 1 includes

(HOA%WJ gen Reaftachef do gthgh nferigsgupfaces, saehess ﬂ&wpgfltf@wlls gpiling, floor, end

or &Rk, BE1AE Bht4iRera00.] AM BkdePandy Eafn%%o@bt%‘toaasde‘?e@tlél{@fcgﬁ as described
wal [ 104, of the container 100. The panel 102 can

belayj Altprgtayelsh dhe erniaingsel00190 bermanyfrciugdatvitly 1@@grdcmds tpee-installed
theldde i nside wall 104, such as by eyelets or |oops (not
shown) on the panel and

5.
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hooks, screws, bolts, toggles or other suitable

fasteners (not shown) on the inside wall. O her
wa@rdoaobatent nechani snms, such as adhesives or PCT/US2004/043836

hook- and-pil e systens (commercially avail abl e under

the trade name Velcro (r)) are also acceptable. In

this manner, the panel 102 can |ater be renoved from
t hé\sawtndaths @rnel 062 isirefaably sigedto qorespeathie) tha ewfacaie Which it is to be

attach@ﬁ'%? ellnp1abh #6d %1&&91 301Rof d@)ﬁ{agfér WRlidterdP 2B thhfarS BIB £t long and
per manent|y or sem -permanently attached thereto
7.8 fqmbo (Al dimensigo arp@nm‘pxmwdlsswlq asontghehey adaad tbéong by 7.7 ft wide
r
roo S ASHAY 790G b1 81 Ay SHEL 34360, A8 g s
dimegivngi exeept 100 1dg Httdm)s elipensehsis G4 e IS shedté dotainas are also

ctlon CI cuij t d ri bel Al t.ernative .
avai B SR ohieh oS Rt o5, 2 00 M0 e PRl PR Rleabte in soveral
standad @bightpritclidisg 4R &daddnerfe OtheAsmbaliéhts dahgofleamed, bd Ostd with other
[ efer &%%S|zed to corres ond_to th? surf

size Iwil?t ers;nely nesstandazd size gontpigers. e@grpﬁ]peé 208 pf%@ably slightly smaller

than %ﬁ@ﬁ@lﬁﬁéﬂto%émis 16 DAL to W@ﬂltht@ hﬁfallélfon\éﬁd tefnob AT 13 hehel.
ft Iong and 7.8 ft hi di nensi ons are
)1

ap Eﬂ’é)ﬂa’ﬂﬂtl@ inalpder 28 qpipal Qi%ﬁre%o%%en&mggac@sq g ayea of theypanel. The
Optlczcll ¥'1b<t;1I 1 é)\ﬁ"cg?bé ﬂ)d%ﬁfon?d"&r[ﬁﬁﬁﬂel- 552 @B ikE ot reEﬁlaﬂ%QﬁmﬂYaschﬁcated at 108.

ends. | SO st andard 40-f oot “cont ai ner
A “pstciﬁ’ bmbeoﬁeleeﬁqé |f@rrthls Pesit@ing, eueb fthat SisgpacineetOs detween adJ acent portions

oo JRRRRR 0 d by 505 RN BRI B3 o

conthiner. aﬁﬂt&nﬁﬁvd’ly, th@)pticall fiter $0Gran be\dstitabideicioss the pech [l 02 according to

andar d he| ht.s, inc 4.25 ft 10 ft er.
oo RET € BRI 55t PL B a5 o PRoB: Moo S timents, e
panel OIOR adah EHcSelumﬂzﬁJ:dJ Gihd) ghenopticalt ﬁb'wl kil bs Ipélﬁlaﬁﬁﬁltyadr nem6veab1y attached

._The panel 102 i erably slightl r .than th
d“e‘gg’ Pa@% QIR UERCS ?fe{h% cpry "“ﬁ“é L0 B %‘Gmng ‘S‘S%Y? fapacan be used to
attach &leadptiddll b 38 Ghd &EN6R|suice! MBe RAMA] fibdh@nPFNGhbelided within the
i ncludes an optical fiber 106 extendi ng_across an _ area

adhegfvertans apd dispensqth oy aiplbr thejoptival fibg apdadhsdvefgrs ¢anbe separate prior
to mléﬁaﬁ Fl‘lég'%‘hle %ﬁﬁca@ ‘ﬁb&aﬂ %t dtlﬁe'f %m@B&&@&H' e céﬂ%ﬁ& b 3s m@ﬁlfactured with

can selected for this
optigsd §iberis @ﬁﬁaChgd tosts @merm aurchh%orgprmcrhgd wviBmteesewisiaces.
, adJ t t.he o .
B P, By 2SR B0l RS AL BBy o e e
ﬁbexs @0t rTHese aftichlheonoentdrailh@and N2 eanrist ised tcy ponhbme tkmppanelal 02 to other

i hber 6, can _he distri,buted r.QS he ane
pancls B o o a5 s itsaty ble BROTRRh 875 05k St gf deecting o
chanleiif ianaggcad else@afdtdiaﬁtlzﬂc biemmptghml&g hEiI:: o@ﬁm d(brﬂierﬂbl‘s 110 B®l 112 can be
. 1 can el imnate and the tic er, can
dlfe‘gg’ ﬁ%‘?l}‘?ﬁ‘ﬁ% AP qr PRAeAY E‘H‘BF%FOTét‘t“aHﬁe i PR |‘3¥ ’?18 defegtor circuit.
Altel-iHtiQEly Odptisal et CxhsibleoreP Righed béieentd pXBHR IR other panels or
adhesi ve tape can be used to attach the optical fiber
detegtor ¢F@it nt eri or surface. The optical fiber can be

emeddeds WideRiRr tikgiad RasH giﬁ%d (88822 ¢nHeE RERS @ﬂlcﬁf &Hf'a@tenstlc of

roll, or the optical fiber and adhesive tape can
the pijsal Gloes 196 i A showni NG 2.iong euchef Bpopitsal fifer 487 is Clpﬁca}]étconnec‘ted

(sucfv%ﬁ.ta? ﬁffaocg{ﬁlg d({ Hi?é}go‘? 116)*%8 ac‘gﬁlselg '()Pﬁl(llsf‘o@eoh %‘SMLSO@CTI#@' cﬁger end of the

ers attac dto it terlor sur
optical fibenidgiictradeatéd thiadightretetos202f 'ﬁh@ght source 200 and light detector 202 are

connected to a detector circuit 204, which is configured to detect a change in the optical

characteristic of the optical fiber 106. For example, if the light source 200 continuously illuminates
-6-
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Optical connectors 110 and 112 are preferably

optically attached to the ends of the optical fiber
wao®s/od4rese optical connectors 110 and 112 canP@EUSHEH043836

to connect the panel 102 to other panels (as noted

above and as described in nore detail below) or to a

circuit capabl e of detecting a change in an optical
the opfigfl dberckiognr hegpieal &bgfit Sevaed oy gjagrWispidampgsd A afesilt of a breach of

the M&%?ﬁ% Sthelﬁ&t AWctdl 20X 8AsB % HitES Hhd muﬁlﬁﬂﬂ&%ﬁ%é Qetector circuit
simlar optical connectors on the other panels or
204 dat sigeerrancdlargy Similanly: e dete¢totetispuit 3p4 rapdetdct p decrease i 1n or complete
t
loss oﬁ )ﬁtgﬁﬂﬁe{él?ﬁlgglﬁfé %éof gg@gbt{aglcf{%f ?Ocqbar% g\glgs%ﬂ OZEIEH% ogﬂ&? kibé?%gmg irradiated,
suchdestlycgamrma rays diom a gadmhg‘icvag M/lewntsmrdbmecu'tnear tbh aptg:el firer. Thus, the
detegtﬁroo Ju?tf%%lﬁlcgl] ag%lto %{el gt | C ?‘Iﬂ Qcal c arac ﬁnstfxc % éeiég% pré%?etermlned
amoQiitt i()pabélycmmﬁﬂaﬁﬁticedlaﬁ@s cihclade, \m‘aloﬁtphmnaionp mitensityt, direquency, phase,

ol e S, B B S 2R 0D o s e

irradidtght det ect or 202 The i ght source 200 and |i ght
detector 202 are connected to a detector circuit 204

whilp change ghihe goticalichagotratiocieed netibgridetal ¢hapsse Fergpcpmaplp, in transit,
as cz&?@ﬁﬁﬂ ﬁfsitﬁ)h'vﬁﬂﬁ{ tht B&ntQRri16@sofb QﬁF gf%{ pﬁﬁﬁlly%’f@ﬁ}ﬂoﬁmpress twist,

ht source 200 cont’i nuous | um nat est he
stretolp ey sigbs the banel 1@eangd eerehyacdyige.ibgtmot 1tq 7789, theslightcasyying capacity of the

fwi
oo BECA P 3R aR, Buh S5l BRI g, o coc
circtih04 dah iniggeathe elamaifdhd dm@ud‘ectfeictecipd Lght gallis bel@@ Aforexample, 30% of the
0t rtlno%gigltecge?ec eldaghgrrl ’éh?ssg;t wa%%mt%ao ﬁpggftal%ﬁtgéuo‘ﬁhl& H"tﬁe sﬁgd‘m detects a
reduicti@Ninrtl ghs iriishiidsion difat U6 mpé)toeal suf:]h béreshold, ths sﬁteme&ml send a signal

indlOf ; e§ . tgc': C?ll Iggﬁé& og’:aggp g%g% og%ogfege&%?qw%mal deterioration
oftﬂé%ﬁeltd?s%ppwea&adbréach%nhemu&nernbe detector circuit 204
can trigger the alarmif the optical characteristi

drgetedpy S}gtem EePdiBg i the greseip @ﬁqlosu&ﬁap Bgpsed to detect radlatlon from a

SOHI%Q HitBil GrdeSt 4 ConehRR gﬁ%ué}f‘& )t aﬂ"b}t)thﬁl"&ha{a'cféh&t@tdf ‘ﬂ{é optical fiber is
I nt ensi ty, fre uency é:)]@ase col orati on of opt1 cal

charide) by r@rb@tmlsmém oB éhef hriad [Hihehapgedpeticd] haragterishe jsdgtected. For
Gxalgl%]{g & a{l %@fg%tlri‘ g@?ﬁ??’g’t : drt@%l%&ﬁq‘adl -Egﬁ b ﬁgﬁ%ahﬂ%lgsli‘&hty of the optical

C nee bea to
fibee wamblced over tinads tb,dagdsniog of] dlesiprutetl dibpodhe lr@uatml oy rbe of various

t he .cant 100 Sone carg t iall
types RpiiaEs HoPeoed L Enta oGy Hodlier BB lepopfiptl aaiacon.

t hemelight eduntssitility ofah opticat €ibay, is trétced Fhhe opticalyfitieg is exposed to

capacj, t;

onGER P bt PR Bt O e PR HE e oncaion
and 48da@8 teelor Chiterd ik ﬂ%o&pu@arﬁﬁef RGeSy el e Bpiidal frﬁl@rmssﬂ)lhty of the
amount of detected light falls below. for

fbep Ty oSS T ich SHTRHGR €M BN B RITENe over time,

leadify fol Alitn¥-iREsrhiiohl Frtct. Pahd, QAR 4 Yow tallialibe dSk Thte By élal @ekisday trans-
a reduction in light transm ssion that does not ex

Atlasje jpugneyrashesuer 2 datestablesedieiionin tgqeiﬁqglsglsglb@ﬁ/aqf the op(t:10a1 dﬁber If an
optlcﬂ b%? Haf'Bas IJ%EI? 8&‘&8?&&1‘1%@@% ralfEHiBh %gto @k réysbd, KR dbtector circuit 204

In carg envi ronnent al deteri or ation
can cahbrate itself to the fiber’s then-current transmissibility when a panel containing the fiber is

sealed in a subsequent container. The detector circuit 204 measures the amount of light the optical
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of the panel, as opposed to abreach of the container

100. As noted, a systemaccording to the present
wale@slesss e can be used to detect radiati on frPOT/ES2004/043836

source within or near a container. In such a system

an optical characteristic of the optical fiber is

changed by radiation jncident on the fiber, and this

ﬁbefcﬁ@iﬁ’@é%l 2t thearleteqiry Bigews the plarp if defi@edie g, fupByr attenvation of the

uansﬁﬁ@éanigﬁb Aﬂen@aavap tthCaliafidd@likdndd @ﬁﬁ%ﬁﬁﬁ)@r da8 bR Ut AR,
radi ation, the [1'ght transmssibility of the optical

f i By ddgeeq efjmciwoweqd nqt pecegpsilyt be a@m@m Hgteat, oplyethe presence or
abseg&t i ?%ilatlgnb [)ﬁe ;- H‘)g P&g'c% b& et RN tgqn&?éatevtﬁé Bféyeicé Xfpe? dloactlve or
|nc ng al neu ron, ganmmma or certain ot
othet ga;imﬁomefmﬂtmmamndgm device. Thuf, atsysbm acKlamling tgHihe present dlsclosure can
tran mSSII|It f an optical
R e e R e A P e W
darkaﬁng’lcoﬂlh@ﬁbelf &dh@tate0dt.dafRagihg tarDive- iisedl tocss timatd $1mrqt1'emg1)m of the radiation

sour@ehg 1%&%?@%}%e qnlb gl'gl’ pza?lﬂlésg&-}v{; Ing‘é%g?rﬂ% % ﬁo o A etrc%ntlalqlers can be

used!tb SdtiiieIBk B datién/oftf cohfafef, iaﬁh@ﬁ m-ﬂi\y @ntain%ﬁ; thbd Iﬁilsels AdAlERdn source.
dar keni ng" (which att enuat es ]%ht Sle%é‘{:ﬂ S)

For exsmpleatfi ay auebarofisysiems (te grnepugldly gligy qn.gtaelgwgfi«?te;ﬁ progressively

mgh%f 1&%@4@ radidon, ﬁl‘é%ﬁur@e HANE Faaka is ARl ‘t’cﬁﬁe ASEBhONR in #he direction of
- day trans- Atlantic journey woul d cause a

the Iul@teemdlamwe leveldIféwp evmphe sudhdines Gpeghlyy snt@rsqcr, e radiatiogsource is likely
. lcal fiber. If an optical fiber that has been

fo h%%&%eﬁgvﬁséé%glfkened by radiation is to be reused, the

dePaetsdining ndypital 100 oomainela¢ankin@1u® astreadhf ast fourt kilometers or more of

opti%h)ﬁl?eeré.; ]%ictﬁgseetq}g@y % ];s thr:i g ?ige ?é% oP Feacho t]ghcvtpaﬁiu gle{%ﬁgh%atlon of this light

is propattician®the Sl ofl thc@izis of bl theidarkeflsll preas béthe bﬂst&al fibers that make

amount  of t he opgical fiher .trans
up Lot gt T es et sl PR o s e derfinerplghe some or all
part® bt @RUSH AN fi8br éé) haddsr %ﬂ’sm 4 tdedcthblg thangél ih @faAghiksiedlity, of the fiber.
the radi atj on-darkened optical fiber canbe discar.ded.

urtlmﬁlorfe@ve@el gfradiafignasopish iheasiplystickled eyehibe] e}l%aomons of the panels

are fa%e%e i adn RRLY HehSdRiSS SHEE, DecARS RNERs Aot matter which
lation a ove a threshold can be détected to

Portlon@ eftheoptirel fresgencedided. a radi oactive or ot her
r a% % ﬁﬁc@rﬁbehsl 29 fBRL g&{nlsl@l SC({ raqﬁﬁ{bﬂ: ﬁlduc;gﬁ lﬁﬁsor@mﬁytﬁ&ne&her optical

accor presen osure can provi
fibetsi Optioal (ib’elsinhkn.)faqtu[rdns aad iothersdfave Iqadqavcegbtmc@\fdﬁp optical fibers that are

radi ati mpunt of
ess PP ¢ ISP S PR B s VERAE 1k, Bl Fopetons and
particlecacsdlérgiogs. IThefe inamuficaderatand otiesuiave puluhsh¢dsmﬁirmhtmm®mparing the

anel uch neasurenents .froma nunbher of
sensges o dEopR AP Al {381 %GBT TILESS HEPPBRRCT dfFgfe Getmiques fo
makGsdpfitd) b erANBY e B3NS VY t@lmr Howbmtthﬁ@ lpﬁﬁl&a’@ons teach away from
radi ati on source. For exanp if a nunber S

the prepat ugpl@tnprbd@ﬂpa} s&qtq%@:ﬁoréqn(gﬁ@ the P]I'CFFé‘j digel p.g_léet pl}é?erﬁ)ly use optical

ﬁbegrtgg&%%fé%gﬁénmeMI evel s of radiation, the source
the radiation is likely to lie along. the line jn

t hé/ adpwsciechwiauesfcan the UsedyFreincreassi the isensitivisy of optical filgss &y radiation-

inddPRd ShsSibk ! ines (roughly) intersect, the radiation
source’is likely to lie at the i ntersecti on, Panel s
| i Alihegmaiity/ef mélhtldlls@imdnammemomemm@ﬁdtm'ea hght sigo#l cagied over an

opt1caﬁ lt'i%erkdepegr'iﬁ?sto%rtﬁe &Qveﬁg?lg% he signal, the type of optical fiber (single mode, multi-

mode, polarization-maintaining, etc.), manufacturer, model and other factors. The wavelength of
8-
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optical fiber. Because light travels the entire length

of each optical path, the attenuation of this light is
w@e@posdponal to the sum of the | engths of allPECHEs2004/043836

dar kened portions of the optical fibers that nake up

the optical path. Thus, even a small amount of

radi ati on-i nduced darkenl ng al ong sone or all

the I{EHESOSJEﬁei 2091Fig; Hds preferablysglecigr to W%ﬂ%?é%eew%‘fl@o ?sz@cal fiber to

radidtion S RASIHARL DS, | SotheWptitd) %b%fs%ee t\%’ EdIRE %ﬁmmﬁ\éﬁéhuhﬁon peaks,
a radi ation source is gartla shi el ded, such that

suchow 3 abort ﬂ%gmozfndt gheuty Ritier opticalifibers dave; Meresthan Bke relative
iy S5k ] 830 B BOYOGE JBAS02  doAOR aiPhnd scut t

nm. iMpadoptuaabl ﬁb@csmlnlpt |g:@terfatbam%loara§ shorter sevdéngihsethan at longer
wavl B AR ENANERE oARSPLBLLAN (S B O8I OB BB, e proferd. Fo
exar@’leia_ﬁ‘amﬁ@e—mvejmgﬂi bght C‘xpﬂlrbeza':d uskd bayswaviekhgth(ep toeslzout 1625 nm or

sensi t e t adi at i o duce or pt i
tonggdclapn b e BNERT Qi Eeaein, R pORS of sccepiable
wavél@tfg@isﬁhalh@é Sboutl §8BSEn, m%wﬁmr £t G00GmQ bb@i S4tan @bout 502 nm and
bl i shed i nformation conparing the sens:%i?w ties of

abov& é? 7 Bsaigispghatherrigirely sogrt paueleraitsdrs 4

abgpiept f201rs, %ﬁcﬂ’\ﬁg | m A8 fERER MUndULSdd O Ear T8l N QRcte@or maximum
fibers that are less sensitive to RIA. However, these

sensiiyBy e mdia@ﬁ%md@%irﬂaéwaxygfﬁ% ﬁxemmie opiask fber japlahleifiom Corging under
part ‘hﬂfﬂ% SS’IYC)‘[F %@%xﬁi%ﬁ?éc_@%ﬁ%le% ) ER8AhrkBhiRg !:I&Sa‘dfeﬁsucs Smgle mode,
prerera a | rs t

y use optl at arenore sensit
multj-0R¢, Avolaveatiamosainteiing apd ethectapesid optrabifiters armﬂcqa@ée t he
Se&?tertqa}lilgér%y ﬁli‘?epéncg %{ ﬂ{e Q%ﬁ Oa’u%? BPQ{O%W%%Q&H %ﬁg long-wavelength

absor
hghi&toh@lnam passiay ﬂﬁdsughmhmmbubgl fmeﬂ dag vk usddgo alggear ddtetbr oireuit 204b, as

shovgq g 54? i]ifef L rwaxf (515@151@3{1 so}u?c%e#ye? gwﬁb%t nof Ilescent lamp) is used,

11ghm210t)ltH'Qtd1©ach9@ﬂ1@ffhrZ@Idl dlﬁhd‘lﬁ%ﬂbblaﬁw ngé idplit by a beam splitter 2402. One
manuf act urer, nodel and other factors. The wave gég
{ght which

port@moﬁ@q ﬁpghltewse% thooygh ey filton 2404 thef pasgss émrngwéq?

is the® d&?&fh@bf & 1 lgﬂﬁeﬁﬁﬁ Shdd, Kh&tﬁeﬂforﬂdﬁeof% dpﬁﬁll)eafn' P¥8des Hﬁ’ough a second
radi ation-i nduced dar enlng Sone op tical ers

ﬁltet 96 tlantpassoslongoranelmneth Eghhrdhichois ﬂpﬁ@&ﬁ@cte%bschseagndalﬂgh\t/ sensor 202d.
le,%hé fi ﬁ?t@fjca?l% 11%9 aqg%gl'én%ﬂ?ﬁésé: Ban obRR980 nm, and the

nmor e t an two re XIWUH]& tenuati on eaks
secogd @Htelasalmasab dght havidg mrwavalbnglh gBoRr than abdyb 980 moArﬁrrﬁference signal

240§1%s prg(?uctea bg cP“mn ‘!P%p]%)etr 2ﬁgdn8{“jﬁg°% an&?&?‘{“{) n%r? 8r88rs 202¢ and

t'enua orter wave
202dvafriak eptitdh Sbavies it daekeneadt i radiatigt, itdsdarlspimg twould betrinrs pronounced at

N e I TN R L ———

hghﬁﬁbYlsdﬁf/aMEJcWﬂd] bé URs tiRn akooitpdGEmanfonrthe eReet Jloawatiength) light
used, however_a shorter wavel gb?qth |§gﬁreferred

sensex 2jedr @d the dulferspt basweeo R el SERSOEEA Rggtstected by the

diff38RtiaP BRI E3U 10MTustBefdte SOMR Realb QUEonBALer, E defRdtce between the
502 nm and about 472 nm al though other relati

el
signglg dy 2otof g BergdIsacinisdn aapeairy 10k shown) in the detector 011’01),{11: 204b. Later, if

the difference between the signals increases, for example if the difference exceeds a predetermined

threshold, the alarm is trigger.

=t

Of course, the differential amplifier 2410 can be replaced by any circuit or software that

compares the signals from the light sensors 202¢ and 202d or calculates a difference between the
9.
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O her factors, such as manufacturer and nodel, can
al so be selected for maxi num sensitivity to

w0 aesa6t979n- | nduced dar keni ng. For exanpl e, optPCHIUS2004/043836
fi ber available from Corni ng under part nunber SM-- 28
exhi bits acceptabl e radiation i nduced dar keni ng
characteristics. Single mul ti - pode

signgdy Q¥ pomanle ﬁwwgﬁﬁla{?ﬁm%@g WGYE?F%@AQSQ B%’sbedﬁspéﬁt"?]é’épmeoted to the
hghtfs’e%f&()'% end00ED LAPbRputdabel MADAE! dfn b@ di@ltaﬁye&o%%dlo@ one of the

he attenuations of short-wavel ength and
outpw@ 580 bradisitalbytuhtradieghirors drepihes erpub a8é the dliffarense gin herpempared to a
[ fiber can be used to trigger a detector
ﬂne%@#%ﬁﬁ% 204b, as shown in Fig. 24. If a
rruIAﬂthWav@j/ euagllldwﬂ indhg. 2§ome0f£f tRO0kter sancie Qm;lttah In this case, the filter
ncand ent

2404{ PASSSE 5 S W&v%}?nqrm%g}%p\iﬂiu% ieﬁtgﬁli] BYL gygqlg%l{ for tZS% to E?roduce a short-
wavéledh siphaltS, @s didd3ed 4Boee. (The bihenlight starh;er Meuﬁ u:tfﬁared thus it detects

sses t h a first filter 04 th asses
bot i3 vRr gyl i vevgioreh il dn arp it boRah ayg lope wavelongth
signli @HL). saert&grdlﬁ&&mal ARLAE2500 plddafesf dﬁﬁfaens@blgﬁal pSay- S =1 that
passes through a second filter 2406 that passes

represgtﬁ@ ReampEh g)[f Hoqgrwlengm, light prgerging nfr%lﬂgcc?@l@alb@bea 106. A second

mffééﬁglnﬁnf)hﬂé?tﬂéﬁ %P%teg Q2 dhiscieRdd QBER«H% Sroduble a fsighslt that represents the
[ter can pass havi ng a wavel ength | ess tha

dlffea@@@: betogen mﬁanmw Qﬂfab%@@@ﬂ@ngth mddeng-waveragth lwht ﬁmgﬁglng from the
Opu%@¥¥ 0@ Wwavel ength greater than about 980 nm A
ITference signal 2408 is produced by a differentia
a nﬁh@rhlab pniRdli} dan mh:aem}pcges trerfpet] mathtnvem dpticgh tﬁb@eﬁhsmt deast partially

revelfsg}%cﬂée r}gec% Of Iﬁ.dl%thdl—ln n| E%sow%l E}-ihgvgerv%% %gs %?c,%ng g%nﬁlgae ?JY not occur

at caldh tbiﬁpemu{ced gihitdd shdsé dkel@to Ed)ﬁgommted aniiha, océah&@mtgheyage in cool
out nal, fromthe first 0 wavel.engt

climatgs, : e Bsirgrpauest e Cpﬂta% ﬁ@@t}f é’}%@ ?ﬁlmg of the

optidal Eib&re HRNEbnfak iR GarV B/ Rh&AULR) in theJhd1d € BSRIH 2 Melbw &Rét containers to
the di fference between the si gnals fromthe [i

ght

reduge picinaingls gilicheshiingen &g ceptamﬁre The pYessss ﬁ%m%ﬂraﬂlre of the container is
pref@iRY kbt 8kss %ﬁi&@r eqll'dfstt) abgfiosecor after seali ng a

container, the difference between the signals is noted

an§ome cﬂlédusheﬁumfprmgmm S@%ﬁmﬂ}lg(li@élaﬁ@ih@ dj gitepyggion to measure
radlzgf%%lqﬁ 1c 'ﬁb(eybéseﬁ? géﬁmedeﬁt ﬁvae\)e{ s&clﬂesyg&;l% %lﬂeﬁeﬂﬁennal annealing to

e sl S 1 ncreases, for exa the

enahdg ftHeeopirceb ﬁbm@eqiscléy pecdet gtenibamg Inhdleis«ﬂl @hdi betlhzed for subsequent

alarm.i i fferen
mea%werﬁ 4‘[%% é)ubh téor}ség cgcs(eE CE{(I}B’I)% or consctrugtél%% ?ptlcal fibers that exhibit

good edchvaay @hﬁrhaénsnmrﬁaBESplﬂoheatlsnsgmaﬂ]Sa\ﬁayoﬂmm hiee preght invention, in that
sensors 202c. a r cal

d tes a dif
SySIE SRR PO AEPET ARgIonsS R Paooni e 5T P gy pey recovery
chalﬁaéﬁéﬁﬁst ﬁ{@or@iié%gsx)ateaaa adR nieBRACIripvekit répuagct ed to the
ht sensors 202c and _202d, and outputs fronlthe DACs

agliation spnsiliyifx of opticsh flgt iohighly denspdanfien dapepss psed dnsthe manufacture
of tﬁg Bhdr by Mcad WBhdrRCih8iddd EBMnt, RReBiuAL ran@biiRH! pho@;ﬂﬁnfs h@d germanium.

di f ference can be conpared ‘to a threshol d val ue.
Dopants.esughy tap \plpsphoms, thfouipresss th indep of reffpetiqst of the opre efethe fiber are

partlg:‘horfﬁqfﬂfeh Jl%glq%fegs%‘th% radia 1| 127[;]1 ; Hb‘?tﬂ)‘l lJf %g%%g %ﬁerﬁﬁ&ﬁ@cﬁﬁ sensitivity

wavel engt s defect
increpgerswith 2€shem toontgnto du eddlitions Igtretenalnatimmy content in the core of an erbium-

doped optical fiber increases the sensitivity of the fiber to radiation-induced effects. For example,
an optical fiber doped with about 0.18 mol % Yb, about 4.2 mol % Al,O; and about 0.9 mol %
-10-




10

15

20

25

30

signal S, as discussed above. The other |ight sensor

202e is unfiltered, thus it detects both
wa@ basesmawvel ength i ght and | ong-wavel engt h | i BEOT/USZH04/043836

produce a short- and | ong-wavel ength signal (S+L). A

first differential anplifier 2500 produces a

dlfference signal (StL) - S =L that resents the.
P20y¢rbibiE ap prdeippiganaeivde ﬁ@r%atrepwnéh?éraﬁmgc@ figeR doped with almost the
samQQﬁélﬁl%' of b8 PIOBbut HnSeEARd odhbifog gyl al anplifier

operates as di scussed above to produce a signa
t h éanth@pm@g@ﬂs@ be n%;ed@s f flepagh Eer ¢remmlsedn aptieal divetdopedwith about 2.0
I o

mol 3Bl i e SR o raitbon SR G s, compared
to Yibelopaisand Eralogreb optrcablﬁimh Whe bptivahfibep [ptdﬁtraiﬂy fricheles orfelrsnore of the

IR E T ORI Y .

an N&aﬂbhmgdapam opétal dibetndadermalivin-depadaspaitdl @8 cad edonss ‘saturated”

..thase i to be ountere duri ng an_ocea
Wlﬂvaf}?a@@ “ip SO DR BE! S . g Aetie it igiguon-induced
trap¥d cﬁmgéwaﬁh&e Euctast thdHFialdARindhded attERAAGH readhBeAbdiEnOfalue, even
t he ogtlcal flber the contai ner can be | oaded low in

in the fiace RbIngregsing4otah radiaon Besegmiabe pesteniglosatatadr Ehepirdeigpmined amount,
by Wilichehd Hﬂytﬂ:@f &m%é@ds@é‘&u&%ﬁ{g@%eﬁﬂe il QefeBt afdﬁﬁ rZOLkl) [E&%ers the alarm,

average tenperature of the container 1s prefera
shoutdtgke intosascountifinie sateratical Thus, thio detectoseiuit odhiziggerd Hesitpeni preferably
befo&é%}lé’g,ﬁﬁ%l'ﬁ%@rb%ﬂ%ﬁl%ﬂa%urkﬂt%&”9 radi ation-induced
t0 neasure radiation in optica
f i Bhworitxaseidbaios iane sengimes owel @r logac the Sy erfgefiatiyn ofioptical fiber

h | . i b h. igal .fi.b . . )
cladiE WRsp iR st o s B SRR PP Diornic riests datiatiop pesistance,
so oftitabftgHerithobEfsdne BB With midifiabfludrine &ﬁh@c&b e pdfard.

t each gelectln or constructln%¢§ft|c fibers that

ex NNeRE YQ)GG'HHIF CWWQWP% & chpcagures about 300 millirems

per PP B8 TUNRAS StaGAC bandiRY aflér%ﬂ?eﬁﬁ SffEYt @ WY trdnBMREbilBNef dpiical fiber.
t hat systens accordln? to t resent disclosure
O

The getegter sy 2¢cangsequah for gislost @egfqdattonﬁa#@ e fpecdipspyissibility as
a reé‘nﬂ of %tb%ﬁkﬁéuhﬁsra(ﬁﬂgfn%o 8¢ @et&)@&%ﬁ&ﬁfho%@mﬁ%eﬁe?at@l’aﬁ'e Hiaffs.
revent” recovery. Radiation sensitivity of optica
agamatg)me}asmmthmetgmp satlsof shiwgingcontpigers. Thus, a system
%ﬁﬁt 9%11{6? %at{ di:t radIéth Cﬁ%lm ﬁg&ﬂ&t %ﬂé\ﬂ Qllleuéjo%tamer as well as
|un1 y um a um num phosphorus an
fronDa pam:esm % ucat‘bwsomhm&’p beenu$ thet IlIEaIbYI a0OrBES & mdu @qmppzbdxmth its own
) r.act i t he core of i.ber .are .
rodifhop Rt Y- i Fnet ok pisaly B oy st on top of ome
anotheNas shbwi fryFigf 3 OPiiscgdmrhd PeiatiolRtinaht Oﬁht&ﬁdﬁ'as tikely toybe detected by
|ncreafes W th erqlun1cgntent In a gﬁ reat di
Systeps AL o RERATS- (e PHEPE GRLPesitons oldhp ?Fﬁ%trf jfiit"ﬁ“t‘j‘ﬁrtq Pigte radiation

is ddtécRRIdepdne bf §§v%§a1&‘£tﬁ3r§ , @it dingthé Mredbthtofthelrhdiflontsburce, the number and
radi ation-induced effects. For exanpl e,  an optica

thicknepses ofisisaveningt metaliis talle of gtheiponizinges angyfhe, fims-integrgionggeriod over

whid R63:38#6n aaHEeLorPhBRE i ARE HVeR if Be BhtRAGGhat Bbuses the radiation
magni t ude nore attenuation than an optical fiber doped

SOUKgf 1SHN04 ledined (vidh § gpdiatipmoletpcionosysten, iedlPcatios gk pageinyof containers
who® %{eml dgtemlld1£’€160ﬂ 819@ optionally the amount of radiation detected by the respective

systems) can be used to identify the location of the radiation-emitting container.

Returning to Fig. 2, the detector circuit 204 and other components of the tamper detection

system that reside in the container 100 can be powered by a battery, fuel cell, thermocouple,
11-
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Lant hanum can al so be used as a dopant. For exanpl e,

an optical fiber doped with about 2.0 nol %.a and
W@b@anew9H nol % Al 208 is extrenely sensitive POI/US2004/043836

radi ati on-i nduced effects, conpared to Yb-doped and

Er - doped optical fibers. The optical fiber preferably

i ncl udes one or nore of the dopants |listed above to .
genciaielr @eniter SPitaRls PRV ZesuPRly (3 rFEPYR Proforely:r BIPAY PofipPly is disposed

withifl hE" 6’[&%&1 Qﬁgn QJ@tth& @t!)ntzflhé?%o ﬁﬁdptﬁ%[‘ @ﬁﬁﬂ&' g FRRLRd by the tamper
0 tl r can becone SaturatEd W th

detecrtmwmtmna |r¢ﬂulg@<bbg1& Bigoal sen Snewarkeha pendingafeidure of the power supply or
atten%ﬁ}? géfeﬁtglgatﬁg ?a%pgér Gl ct{ Eg,ygt?rﬂ.gﬂ a%ig atsirlgér#’?% J&)gcg)glﬁédfaﬂ/safe alarm

| ance,” suc
ﬁgmdmmemuamlon reaches a constant val ue, even in the face
of .Lncrea r.adi ati.on _dosa t nt
b BSER POl i AR5 Bl CFORRY A acorir

204 @i cénddol ﬂiaaali@ﬁ tseuirbs roe tcnmtnde hmﬂgﬁtddedraneﬂmhmtdﬁir e&tmpsle pulsed,

circuit 204 triggers th a u d.take
illumypation {p ﬁu‘&’“%a&t 5t1|08nﬁ1 ?‘%Qase’t aélgé‘E?B‘F“B’i %@% jcpases to detect
111unaﬁéhoh MHaGiflE laScoriRpoAtiag MdanRfier &binfbénlﬂﬁifeﬁlf EhatdbRr, aptif @3 llight detector
i ber becones saturated. Fluorine and boron are

deteez,t@ Hehtiberrse aliferens mosiepon prea diffgrent igterpipnt Shiagifr, e detector circuit

204 QR bt hé Qﬁh%@ﬂ%ﬂ%ﬂ!ﬁ%ﬁb {llumiritids 64 BOuLARS Wit a perpetrator
core of an optical fiber, fluorine increases radiation

whor etsmgtsatecéefoa dhe senpes| detectir sysin yutluminaerg fe enticeli fiver with a
com#%?mﬁgk fhﬂgrlne in the core are preferred.

y occurring, background ionizing radiation,
vWﬂHhhdﬂeMnnnnesn2@ﬁmmmb@@ﬁhnwﬁbdhxaan@mmmﬂ06ﬁwmﬂedWmﬂuﬂ1becmﬂdnﬁr100

on ttj néﬁ%}qﬁr? Tdnfa;t?eg’f ohr e\rgstewggf: Oﬂ%bt G fagcq é% egiahrgple a light, horn,

anmiciatou) (lﬁsp%fg)aﬁancoaﬁ;ﬁm ok oﬂxa’gnaczﬁbw acixmnibadat OVeﬂa ndftwbike such as the
optical fiber's transni ssibi re
it PR Paris Sty i bbdhuRies o S ovisbgE e (GPS)

208 9ERREA iRl kA BtenCHEIRorrREEE thedbteR RS birduit 204 can ascertain and
penetrates the netallic walls_ of shippin

cont ai ner
storergipgraphic i3rstieimapd pfiesially tine.Anfametien ddrp Hidepts & Gppach of radiation or

pen&ﬁéa?l?t Tﬁ@ dde@écto? Neifch@M@ SQUERRdW 4 hﬁéﬁl&l’y‘ &0 MR efor storing this
froma source in a near y cont al ner, even

nlfonnatloneTmeistebswr elmwtaaoﬁ ean 4lsp ingfndecan injspface 200t wch pssa kgyRad, ID badge
readelagkra‘:to ? Q;:ag? d?f %%I%IQSS & t{)r hfn? é:gfﬁg On@feﬁa’u@ﬁsecomputer,

by valndt imﬁirmaia@l sdmwungnhﬂaggo & the Edmmner gaﬁmm beaditered. dipis information
e cont i ner i i kel e d

can 1?10?1%?8] 06 %h taa eo? Sthe te¥1t cogégglg z&% Ig%dn gﬁé?%)gzﬂ%ns of the

contather, adljcactbpic camdms mers loaﬂmir er Ilm]dacﬂll Ghisi mfohabtet exh also include

end on several factors,. incl e th.of .
GerffE SERGES B> LLFCE 1 HE WA T LR SLEb g mation can be
storéd Th @heMBEhdle aﬁ&bﬁlvidb@td/\@ﬂldrSys‘éb‘mspisftﬁﬁcrfb@dlbéldmer S and t he

tine- |ntegrat|on period over which the radiatio

i sinsgeRly o lflr?éd‘&iﬁlﬂal b Hetpgiefesuit 4 ) be EHEoRtEsh o epemitter 210

wmah AndhAUEES ih & frEi @t 210N IRV BGEctbSciRtlt &%ts&oa@hn@& i) the optical
a radiation detection system the |ocations

nd
chatseterissie of b cpberl Aberel08. Avhgenng,ysyeleprss fasceil ﬁnt?ralaulé% (I3 1) mounted
on tﬁﬁ BB ﬁrféaédnYalﬁep Q0GR BL uQh 15 ALEAL e RSl LRGN Yransmitter 210.

e resp ect
The receiver 212 can be located in a central location or elsewhere. In one embodiment illustrated in

FIG. 3, the container 100 is on board a ship 300, and the receiver 212 is located in a control room

-12-
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systens) can be used to identify the location of the
radi ation-emtting container. Returning to Fig. 2 ,
WO b@seed7ect or circuit 204 and ot her conponent sPOf/US1084/043836
tanper detection systemthat reside in the container
100 can be powered by a battery, fuel cel

thernnco | e,.gener r other _suitaple
son SRGOWAESIeLALor 1 SLel oy Lokl e PONES SURBLE: 214 e
desciMbdabveh tb‘%at@c! ﬁ&ta%ﬁﬁtﬁ‘a{jlofé’&t‘iéﬂ Quth @ the BBp GRBARI ReSm 330 of diwhere.
power supply is protected by the tanper det ect i on

sySeragrships fre bgeipprEd| Vigh euismshe Wikeless POt aqifigatipn systems, such as the
ARS8 (AR5 PBIRKEATRLY R St 1 e e o
Such mrstpmayplaaﬂp mbadasean@nfomard mr@hammssst@m Hansmethar BE6 and a receiver
218 31 F I5 %10:%11% loc Velay oi‘rtca hfeprr%%ﬁ}ngeglﬁ&ﬁ ﬁﬂygﬁﬁ?)eé/stu%h a port notification
systei, o€ b MOdﬁaétl@alﬂermfﬂb nlekt fidneofficigle bf s brended ZGﬂamer ora contamer in or
pr.qQvi at ed termtte or,. ex
near Y fedigto o °ef‘rf§{68tﬁ orppgh of gt PR efih &6 8°n°émmg the
contiuflert fu6h hd igbnid@t, @ﬁbﬂbca@ﬁﬁs QIQ&S Gﬁloﬁcﬁngﬁﬂ&ﬁﬁng, etc. The receiver 212 can
| uni natj on havi n respondi n ulatlon or
storq JHEQETHAM 1heS EREIV bR, DG (AP ALEiFe2 0, fRU pR) BRYRers that have been

brea%%%ielﬁ tSindit 8hin RE¥h @8112@1&1' hdsesenidciamed| Phis @Foatidn can include, for
ferent intermttent character, the detector circuit

exangge ap identity of feiconthiserathe time wddorafierhw barrodnthstrshe breach occurred or
radla{tf[ %% nakiof &a’@h@r%cfﬁv%?dz 15Qah '33‘@51&116&(3@?6 0e tpﬁﬁtngﬁﬁé%ﬂéh transmitter

ts to ef eat arrper det ecti on syst emb
216 |Hy| wﬂnc}natcam jc‘prwaré tigp infarmhatipn tethegiortht an epprapraid ing or to a terrorism

moniy il o e S S8 il e S, &Sl popponication

systék¥Oor theIntdnget,exh Be ised toofortvhel thio irifainrativy, i eitledr setime or batch mode,

The aI 206 can for exa ht horn
R e R R ST
I nolileAbOFelPbr A RUBIBRA! the @RbsrRkar21® dﬁtﬁtdbﬁmknu(ﬁtd:Cdirea@y WﬁE a distant
Internet. Optionally, the detector, circuit 204 ca
centgeh logitonench g the gcrrb%éhe SHARYIRS THIPAYY SRTLIRNT eSSF Ige%ch&pses along-
rang@tcBRuh R SteAehRh AL B fIRY-ShRM cominuBRaGARNG&ERJsan be used. In
the detector ‘circuit 204 can ascertain and store
anotyeso greappie, cvihese g gontaingd iSopensperid gveri ed o nviiReeRgsnof cellular
m}%ﬁg[l ec%n e‘cg\?&@ o cgﬁ‘nﬁ@ggbaﬁ{)n 5RRERChPPe Ned PBR:P an%i bfhe detector

or crrcurt can ‘i nclude a nmenmory (no
circeih®Wn Jheftonstsitter310gan sind infofmativat sush as ﬂfﬁeld@étt}e@ﬁtbfr contamer and the
time Iaxkcf&“ﬁ'gtaa%oéfba %ﬂé 0? étacggﬁ&d et@&lohg{é)e g}{gaggeslggﬂogsrcatgﬂc Ipagnally, the
tran@ftiitted 210l cas Serldi méssatges aves if pqobmgchomrrmﬂaat;dnshas pesnadeieoted. For example,

ut er mhlc i.nf or. on c rn|n f
the SRRt Pl A1 oo 6L o teE e chpeROraE PRt i o iRt Bfeclion system.
ThebdChedfl eheatl GhesepadTPdnCindidate) Gorodxainble, denloestion il dtdnes of the tamper
contai ner 100 and._ the |ocations of t he cqnt ai ner,

detep s 9 RS S SRR QrSURr Hale pever SR, such o

rembiffn@ T8 oif ANfuBladlabs Redtitsl bflthei @BAInkE IFuGh PhriRe &QE@gé‘aﬁﬁ properly
had access to the interior of t he contai ner 100.

recaivetloyert halcommpanass aicarad do s comanpre fshys AFPAEBY | ’d’eg‘a"e not been

m&%@dpther systens, as described bel ow.

As noted above, and as shown in FIG. 4, several liner sheets, examples of which are shown
at 400 and 402, can be connected together to monitor several interior surfaces of a container or to

monitor a large area of a single surface. These liner sheets 400-402 preferably include optical
-13-
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Optionally or in addition, the detector circuit 204

can be connected to a transmtter 210, which sends a
wGaeR@sabvo a receiver 212 if the detector circRPECT/US2004/043836

detects a change in the optical characteristic of the

optical fiber 106. An antenna, such as a flat coil

antenna 114 gFIG 1) mpunted on the_exterjor of

congR AP RAS A9, A AN S 0E o B RS 1> Gghd14, defined

by tFH 1ih& &4 80Thé2 84n B QonnkBiEd kSt Ghd ol theC¥clR circuit 204 and its
located in a central |ocation or el sewhere. |In one

assogiatgd gommanents (showp collestively, irrp Bpusiig 416k viedhe eptisel conperiqrg 404-410.
var

Opf] BTt 0L 3R B B SERRNEInerks, e Stk 412-414

werd dvaneceed ¢ogether i3 b@ics anbibarhod Bmelmee shetigtOQor 402awonl@ ﬂrlgg(tm alarm.

et L BOND A ) R LB s e o
ampHhérp or ﬁpeatcfrﬁ] etcfeedsanly tafong lﬂlﬁ@dﬁ[ﬂicthpaﬂi foelaesmpleOfel/no determination of

notjfication ste s the Aut.o
brea o SRR AHCS St i k) R O PRSP IPYe ffeapetive opticl
pathSaH& Bssacistbd Bghe w&%h@%tettble sitBIthat 2Buéabh 8f thY Spt&Al path of the container
pically includes an_ on- boar dport notification system

Panqlﬁ%ﬁéﬁidﬁlﬂ@?edﬂ@ apaeicyley pansl Fsidenf hecpafpingts ¢ ypi cal |y

| 0gab&fhel BmBodREdt- illdRRtRNE FRO! 5,1 NURAL 1iAG s%@é’i 501 dhh ZRIude several
such a port notification s stem or a nodification

hingefh panelst 502t P4abes, 50pot 0, ard $12 dhe parelsasBridd cae e folded along hinges
cont [ r aghi adof

s1acO0 308 B9 RS B, W Syt B 99 8 o 0 e

dlmensfonalriaier 6or acomizimeni Oged foddedptitedinge sheet G0 cas but seed not, be self-

suppé)(tglg a:ithﬂursglché noé rngcgf%t | ng'é %t{agﬂ%s %igeo]_rn' %g l.tcilf"euliI (ﬁqgé Qo%’tamer For

exarhﬁie giingedlpaneDSm2t(tvaich ma:mesmﬁdsecr a ﬂ&@oiﬁb@@ta&ﬁy) oaﬂ attzeh eliisged panel
t. have been breach intra it roi i ch )
508 (s AP e PGy St Bgampp by Trshingte et v povated proximate
the teBsdctinbCadgOst tRese PRlels. SAMilirBe Rfnicbd/ pAlelstIVe 26 FY QI(WERIEL correspond to
the time and | ocati on when and where the breach

endgpRfthirGonigingy crbatiach ‘Péﬁngﬁﬂ§m@l§t5@ét59§ a2 The recei ver

21%réféﬁblf ech&ﬂlﬁg(@ﬁsaﬁgls t5@2—t5 e 1R QUabh 519&1' zfcb&ﬁfn Q& an interior surface of a
transmt which it can forward is

confaintn plthentothe p@neﬂmn P of ofhier sizes ap¢fpisr |aﬁ@ré1s9,| theliggr shast 300 can be
unfdI & RE Et&%%i A bée&{aﬁ%stﬁé/ ﬁltle? ée{]S(fOec%Jl b !t‘dT(?ed a n‘%ﬁdﬁdmonal hinges (such
conmmuni

as satel Ite co ni cat
as tlscy;s irelivated lbytdhﬂlerﬂ tiesr §82t 534:and 5%6)Lfsedom@c ffdipmddltlpmlénnges define
hin ? q}matll on, in either real tine or batch npde, to
SERSPEL Rt ral | ocat i ons, such as a shi pping conpany's
Opei[sadhb\OJliLSOpﬁéailtﬁbérs Mlﬁ&lﬁm@ﬂlmﬁély 502-51(sactdag thosg, shovae at 538, 540,
ran
and 3 G CERETET Bt PO S JRETHH B (ipieghonn at 544 and

546f N PRilN@t 6UPEaN YoreOREY ABIcANBe 6RA tEfonnédd th?ellﬁlbr RSSO tda detector
grange conmuni cat1 on syst em such as

ciregis PEAtheT PIcTnd BB MR R Y PERERDrs s SHisat be pnncted t

one@&ogra?p*s B Rl YR8 B iiRr GRBE MONRE sik HahdlABINOIL 18 Ghonitor the six
over |and or within range of cellular comunication

integiepnirfaces o la| reqtansulen wprlpnea Othen ngpbers #ad shanepel panely are acceptable,
depéﬂ[ﬁg%ron%’ﬂh{eﬁé %efomgﬁ oP2L&th 2 tﬁé ﬁ&ﬂl')etr of Qflrfacésqg be momtored and the

mtter can send I n t1 on, such
portiicaém) of these efirfachto bo manitorsed. Italn,cbftch@sq, ereptabld tq m@mtom drwep than all the

inte 01b %? 010233 %{%ﬂlexa r 18{% ﬂ?a%ttﬁecénitipéqareay & ah?ﬁarﬁ&ﬂ&rrsallface.
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transmtter 210 can send nessages even if no breach or
radi ati on has been detected. For exanple, the detector

W@ 2008106979204 can test and nonitor the operati oP&l/US2004/043836
status of the tanper detection system These "heart
beat" nmessages can indicate for exanple, the |ocation

and status of the nper detectlon syste uch as
cofdPPIeBnSex St@figrdtfatleéw cEravallshieh Hiou apPe MaD e these lengths

are Iﬁﬂ Es SURRI- 20 fvah a@&d%ﬁ%@ﬁh@hﬁ& shééctsefoiafsacﬁ of ke Gotainer lengths, an
ocation of the container. Such periodic nessages,

altemzrtlvs esbedimpnt; dugraddn FG 6, pryw%amcéétﬁbm RS, él%tleats agise shown at
600 &Rd %Gf ggﬁ@dgﬁﬁgeﬁﬁi’nﬂ C?@é 66@ %aﬁ‘% gméafo&tl@maﬂl i E%tbea of) hinged

been di's above, ,
panese we dedcribddnahove I?ee’t@blyemhptoehllwﬂmhumh 6@0-602shasvawadth 604 and a

helgﬁ't &)6%?1;# %sgofd% Mo Q%J QR0 %} gg;lgag alnert Pl %}1%8 otf the modular

I or sur aces o CONt &f Ner - or
umtsa1s| cﬂm@a sactethabﬁ whoki mmiber sfumbdaler uritseplacddi exgrto sinéetam line any of

refe ably |nclu e o | co 04, 4
sovegd et s G, BPR e IR Sy & o s o fBoch modular
unit@éandbbeagitttodddall thei h@ﬁt@lehjﬁeﬂ $ieel (a8 8how BEFTES. 4§ beddhide the modular
can be connected together and to the detector circuit

}mﬂ%@ﬁg%ﬁhnﬂ?%aé@@ﬁ&@ﬁﬁ@@ conponents (shown collectively

1 n Eﬁcﬂtﬁb'cﬁﬂdi‘gmé]t@t 600803 Hef-ABlY ﬁl@ﬂudé“s‘%{irﬁ%% ar §pt1‘é914cbflﬂé2tors 610 and
Optical fiber "extension cords" 418 and 420 can

612, byewhicla i caebeleenneqted tonathesprodeiar upds prstosa deteptor O;rtetuta A “loop back”

o SPIBRRL S LORTHAK: MSErkty mBkaneh o gai Lton 12 oo

last mpdlaremitigput 1 i ght and the sensitivity of the detector

ca I:’RS l?l%tea %&ll IIC%)%(& tﬂ 91@ TH) éJet{aFflﬁerosﬁlFét§ Pa?lar;ee OB.P&EC% together to monitor

necessar
seveﬁéteﬁlfmsnattb mmcﬁr ebla@atai'wm&noltﬂm suclnéra]bddﬁnent is shown in FIG. 26. In this

ternativel ach.panel or. a group,.of. panel s
embpgEhiy D e S E B Pk L8 5Py Sy of 2 contaner
Onesmtef §ReBTHd0 de FoRtet Qllong 96 hnntstwdozaanbrm o Qfrmt ahe-sﬁaﬁevdeahcuue that

the _contai ner panels can be identified wt

lmesp%ﬁ tqumcgranﬁ Bottom g the pengaingr. Appther dinetshget 2606 Hnes ihg lﬁ%l‘P side of the
contSRBO Al RAlindd dhéks LbEH ﬁq”olﬂ&i iz a Fine QGfO Rd%bEn bh Nedhasda&Blicture that

500 can include several hinged panels 502, 504, 506,
]HWS@SbﬂEEbaméﬁ@ﬁQi@ecmﬁemﬁanels 502-512 can be fol ded
@faa,a 6 S fifer( @Rets HH06 3 d2
by arrows 522?}§%%§&%55, angéégg)éﬁgwf r{ @Rt 6% fi%2606 are

orm a
intetchimseted h}e npticehetinn¢dtoye 2612cand 36¢ b ritimilady, opi®at bdreindtbd first and third

liner ﬂre}es u ppor H%E)S 5«19 0, ‘fe?&'nng%g Qg %gtl&?tcbmpe%tolrs 2%16 and 2618. Optical

I g and neces
‘%maﬁkmabﬁﬁ”&mtﬂhem)mmeeuﬁﬂJSmméamgs of the container.

i e SR s DA oo = B 3 o B R i Dt et 2608 con

pivol \ebdut heCihges 3P Slkd byP arfove @6101. MtheOffort: portion vf ahdein)l Hdgr sheet 2608

fasteners (not_shown) nounted X e the res ective
thergfgects g & d Ip4AR % oy fpefl 7 S é ) RTE KN PE W 93 the container

Onc8 ik addd ik Maamrqﬁwae&pa@ladhet FoHdstdaf of tSthE@ Mha SA8$t)2608 is closed,
can attach to %ed panels 50 508, and 512.

the ‘Fﬁtoé(ﬁ)e?félﬂﬂ%@matnﬁ’ecaﬁ aglettdpanel s 502-512 are each sized
ac GRE Hrdd Sl Badd HdBideP sneSt! bEBE, ©686 afld 2608 are shown unfolded, i.e. laid

out flat, in FIG. 27. The optical fibers are indicated by dotted lines 2716, 2718 and 2720. The
dimensions of the liner sheets 2600, 2606 and 2608 can be selected according to the size of the

container in which the liner sheets are to be used. For example, if the liner sheets are to be used in a
-15-



10

15

20

25

30

cont ai ner, although the panels can be of other sizes.
Before or after use, the liner sheet 500 can be
wandosiosisgs and stored flat. Optionally, the |inkPCT/BEh®E1/043836
500 can be fol ded al ong additional hinges (such as
those i ndi cated by dashed |ines 532, 534, and 536) for
rage. These additijonal hinges define hing

10 ﬂs lfag %A 8ifs Widebylfdinmieh Gpptaines) e?‘ihkﬂé‘%ns}ql? ig H@uh il%ge%r slightly less to
accoﬁﬁ‘ﬁkﬁilaé inddtislRe (54 GhecRSn Hﬁ%ﬁ’taﬁﬁ?%r Bkan?8 diméiiond Q‘?’OO and 2702

can be connected together In series by optical

are qaehrﬁahﬁy (ese&1and8 ft.taseading, &Aﬁhe avidéuof theprsgy;, dimengiongl 2904, 2706
and §ﬁ1’8 é ea%ﬁ%lll%ﬁg &g@%{e 6 Rr §c et i g@%%lég% Sflthte 901&8 &?&{d dimensions

| ner s to a r circurt or ot
27 1(};3%15’5 and 2414 & nechishightly Jessitieh 10 Bn a¢comg toalhe lengtinefthocmitainer.
wn nes 0
opth B8 1Y BreF 8 o a6 NG 6 relo 26 Gt U B i, 08 container
diméil@iznél’ﬂot 7 13cnd ’(2@14 drbcmehsed iatt@dingly. Simikagly,as theflinar sheets are to be
rectan Iar container. O her nunbers and shape
wsed 5, PO S AURC B B B GG O EREOT A psons are adjusted
mmdgﬁggytry of a container, the nunber of surfaces to be
noni t ored, and thiﬁfortlon(s) of these surfaces t

be
o APtEHRg o HIG- 28 thegtetegton pisuit 204cdigant 609V %Bmeff‘é?nce to FIG. 2 is

enclf)s%w athB@éihgﬁidZZ Rhdd i kPtp Tpéi" chAGest RE rghtaRet ﬁie&q60@rA second
less than the entire area o articular surface. As

housing 2624 iF gOUBled ek A8 WwBAITtcQMsepE ﬂw org\partioadi.e doqr) of the liner sheet
|

260% ?’Idi%;s agcglg#u@% of%@ %llae:rj ngetég gEél)‘dr]] g’ielhf:?ox@ ’heé’? gf%flﬁl%r sheet 2608

and thadhuwigs 2h2Sedod mpmeed theretgt IRKT. 28nms @il ¢ndargesitviieme of a portion 2800 of

FIGG{QJ%% l1T1'ta ef‘téctorI 205 ﬁs co lcfe<ﬂt8i§}|;]e oFI 1Cc':‘a1 Bg@dnctiﬁ dn%% ﬁﬂe %Her sheet 2606.

A hghb Ghiir&r ZOK) e hommg§6m5bﬁ6ﬂ@ cﬁﬁples Wcth ehiel endf aftdiie dpdical fiber 2720 in the
anot her nu ) hinged panels, as described above.
ﬁm&ﬂ%ﬁ%%%%??f gﬁknodular liner unit 600-602 has a

W e¥Hen68é ﬁ@ﬁﬂp@m&ﬁ‘bﬂhﬁer Gh&t hes (Larthedpands closed the housing 2624
di nensi on  of ﬁéplcal container. The | ength 608 of
¢

attaghpeh thepsir, pligns ehﬁ cql dibenyyef in thscfiont partion kineg shaskith the light

sour€d 20® G gy hdﬂginE%ZP lhieadh RNfhe! Rei@NShe AR shidd QG@@ymgxfeby optically
several different size containers. For exanple, the

couptling dgheHighbspurns 200 gith é@wpmal fiberg2’ 228 e:t\llgl@mhpma?ﬂ%m ecting from the
houésfrﬁgeéé’zfﬂ&e the1%§é|s§5 ntfntz @L er thGﬁ'srﬂn @2”@ dfﬁcfl 1fa{éeﬂ Ignmg the light

et (as s ecause ar un
sourgg %O(Bamdlﬂhaeophmﬂa’lhereﬂg(i) rz’@tematwﬂ’marrattlhsbm maadzlhg mmllgunent pins 2904,
the holu?ﬁ% 2 C 0 n nge) cg ngzr S %Idz ngajt?%\{?:l t%%rlla e tﬁlvcvc())]%ess %pedkljreecess in the other

houﬂmﬁnﬁﬁted to ot her nDduIar units or to a detector

cir U|t bac ical | r 4 CcO

¢ httstass pthe, BRRionS OF i Bt Soprden 305 an e SRPASESS: 202 cam e
mteI@ﬁkﬁlg@d: tTDktSs Qﬂealgﬁf sotﬂ&e cirﬂ&tcoﬁiﬂédl koathe bptical B2 27 l%ml‘ﬂl&t @gﬂl’c side liner
th respect to several |iner _sheets. can

shect g5fie e by é?tFFéCF %b%@ﬁplﬁ%?o diggatica fikg P?%&l@éh%ﬁom gortion of the

hneﬁ%@éttz%bs 20tha! @8f zﬁ@ns £A8Q1sh PbssiblE, Mhs SRR BAdent B HBRVEY ordinary
26. Int enmbodi ment, three |iner sheets are

S1"~111|I'flufb@rﬂlito_nnected to nDnltor the six interior surfaces of
a CAQt@frﬁﬁ%@};, rather than optically coupling the circuits in the two housings 2622 and 2624,

the circuits can be electromagnetically coupled. For example, as shown in FIG. 30, the housing

2622 includes a coil 3000 that electromagnetically couples with a second coil 3002 in the other

housing 2624 when the front portion (i.e. door) of the liner sheet 2608 is closed. The first coil 3000
-16-



10

15

20

25

30

One |liner sheet 2600 is folded along two |ines 2602
and 2604 to forma U shaped structure that lines the

wo ops/obErek and bottom of the container. Anot hePCT/UREI04/043836
sheet 2606 lines the right side of the container. A
third liner sheet 2608 is folded along a Iine 2610 to
forman L-shaped structure that lines the |left side

is pravided wighan A€ sigpd: Remiodnsioxinagyqf dag twejcaids 2000 7ee 39%\%)AC signal

is iniikel Behb dedhd @d'}p_’,O@? GRfch is' BfhecRigSh $irdROW0a nﬂle%@lgﬁt A2 rectifies
I nt erconnect ed by optlca connectors 2612 and

the r&einietl &4 sjgnabamdideisgs aflighesoyrae wommeei tpjthesptienh ﬁbﬁﬂ%m@ I i ner

ot S0P SHRRL G L RSB skt i v
formsndr esdagh) Yigclasentieigidsed ﬂéklblemem@slwa YeenThgeribed aboab ovith respect to

1 ros .a hing he fraont o)
FIG% hrlaag g %%r}e? sﬁaélelf %%acg.érﬁ QLR VAHSH tlﬁa aﬂs mcl cﬂnsg cardboard,
ﬁb@ﬁ&’lplbsﬁc,aﬁlfe@gﬂasg 02 Ebmpbbies marfikls pﬂwbvmrmfontv&wm ﬁ?lbhd material. The

Jd1ner sheet 2608 therefore acts s a do he d IS
OPtliﬁ‘bé%%rdca[‘lobq GG o e a?rgE}aqe 195 PR supigec 3pd covered with o

proté&% @d)dﬁﬁ or SR¥6€ Fihe7 fiREtEied solteAe@BodMens) rh'nQﬂld@td 236 sheet 700 is
front portion of the third Liner sheet 2608

made |069 @Gle]Fh@lldé@m@t§§laloThq Feer shost A9 ean Redrrelied prigy @instaﬂaﬁon in a
con‘%ﬁ% ool Tdr e I%ﬁstﬁf&g st@ﬁ%e SG&I{ Qﬂ&)&lﬂ@ [mélgﬁu%g &ndl qgach&@% connected as

608 are own u . out flat, in
descHbed abpTe, “TmeeSp?%tOGmldmnbl@rs are |nd| cat ed by dot t ed

shgg §%%égﬂxé§é§gﬂ£g%g%%8§1can Ge se é%?%ﬁﬁ%@%%ﬁé&%ﬂﬂ&xsmmhx

shipping chreaisdrg, ethef erbodingsnistcan e IllSﬂanl wihiectypdstod shippmieg csﬂmmtrs or boxes.

For FWi E{S)(gc? @Hs(iirgTFor {JB§ %é%am tYlj_ IBIt use(i D egeor%ehae.lﬁctéﬁ} ?meoodiments of
the fre@ht iG@ntiod @Rbe seatihddhipd SoaRe IuiSLBh(IL]]B Haﬂ)fs‘lzte LDR or other size and
slightly less to acconnndate instal]ling the ljner

N e PEthes PRRHPIrAThoRYRUPISHE F#ho

andreg 4 @hsoaaR&Gs & the Bféséhth@s%‘iuéﬂ?@dh Beludedl in slﬁﬁﬁlﬁ Cﬂ)bf& such as
to the width of the contai ner; dinensions 2704,

thosg Hepd2q 68p pads Biadrcs] Rogh® IsgrvicesEor erampla 616+ ﬂluﬁaaé% @&nﬁgsheet 200

thatthn %Q glagb%' i#88e Ohox NBe GRGT RIONGR indhid adécﬁﬁfﬂsélﬂﬂﬁ 952 3 includes the
d 2714 are each slightly less than 10

deteatoc oirqit2§4 (G Rpandethg pdsoeifted pther eirruis ﬁ@,spandfabpm ‘Such a liner sheet

w5553 98P R 06 Z0RS 05, 9Bl o po s

placad thsPé The lmerptMalbaﬁeetommiamjmh g(l)%/can&&mhdeairdaﬁ regdrderite record, for

xS G B 8580 S BRCIBlE S o e o

tranﬁhi“ﬂféﬁ $i hscheif Canailitifsh eehtiaad maﬁhnn ghch. as Raﬂuppen 1gpdratioh$ Genter of its
the detector cjrcuit 204 di scussed above with

]OWWQ?@?@ﬁ@@m@%mﬂﬂﬁ?m?nsgnﬁnclosed in a housing 2622

at trREGHGFORER noddl, SHIRRIMERS Hethe Plesdi® inver@idh atd ML NinGlee € rectangular
2606. A second housing 2624 is nounted near an u
contgigierseRor e thee lipniterhto @a?atr}ezﬁw‘"{th flat sugfgess) Fegrexpmpley ﬁ?ﬁérsheets can be

ben’? Blﬁ‘%d % &t orflilr&hed® RfcAnl tBR sWiRRW sﬁf:h isl'!ﬁ:uf\}eg B fdck, Qﬁra container.
2606, the front portion of the liner sheet 08
As noted, a liner sheet according to the present invention can be nnplemented in various

forms. FIG. 10 is an exploded view of one embodiment of a panel 1000 having an optical fiber
1002 sandwiched between two layers 1004 and 1006. One of the layers 1004 or 1006 can be a
substrate, upon which the other layer is overlaid. A groove, such as indicated at 1008, is formed in

one of the layers 1006, such as by scoring, cutting, milling, stamping or molding. Optionally, a
-17-
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and the housings 2622 and 2624 nounted thereto. FIG

29 is an enlarged view of a portion 2800 of FIG 28. A
wo p@hedet ect or 202 is coupled to the optical PEDER2004/043836

2718 in the right side Iiner sheet 2606. A |ight

source 200 in the housing 2622 optically couples with

an end of the optical fiber 2720 in the front _portiaon

corrggpondingezrodsisd 810 pdormedyp b othrelaye d AP pbe agipal diber 14gyis inserted in
the g&g@)%ts% ?&f%{i 1@10) Snd iHaqwH %951% 1063- R0 §Féjyo1rfeﬁ eAl%'vag # gﬂtlcal fiber

attached theréto aligns the optical ber 2720 it
can pg metded dnte japanad for tsmvmqhﬁbbet\sfmewo\ﬂ@yﬁs e [theglayers ergr 5@@, such as

Petoft et Be0E, D oy f BB eSOl 2h e g o tovers

can somadeef 2 8iPongert thaterivd, oo ptChIde trehtiel orbe2@ 20 stréligeq time rlic rpstrmsﬁ the panel

4 nrojectjn from heh mte with. } )
1006 SitaE Setls B, b TS ap TR A 25t ool ahd indugirgt tabric or
carpéd M3eh ﬁlgtﬁahﬂ LU0 h;ltlnﬁz(lléd ?ﬁa w?ﬁ@ﬂdlubf?rfg@t iM?:saﬁ bbefade to face the
er na ra r I NC e
inter ogﬂwml (g SO fage n RGUE TR H" A Dy acsisgatal damage, from

carg8 BaP&flipAeet g@mda@@r@slelﬁgqom 6r WMldaBed@ coONe shaped

recess in the other housing 2622. O course,

f uFEF 14 Adusiptes giropssyyor fabrcaiiaea pavol. gheh asrile pqn@]rﬂtOOO described above.

At 1@1@6 RAL 8 mel %r&ﬁ@s Q@ fortEmGhanged: Adh a2, bfe orfH6re! g!r(gﬂt-:s are formed
source can be coupl ed to the opti cal fiber 2718 n the

in a lqyghthatsip ghebd ¢vigdaid ohdles Sukﬁ@'@ Aphid4t fye opfiieghfibetds isertsd in one of the
groo%’snAkP?ldBO?{QtL%gtr{tt&s ok)grl t tglégl Lber 2720 in the front

ortion o I ner s ee Ot her configurations
ar ghed &0, pms@@ﬂe pptasl ﬁkmnd eémbalded/ indiémt theopddelssiavefbeen described.

oG it S ) AT 8l ven o o

wova2ib Gicledsdpwt Za{hrlctllzel Eh Bditioh SancopticaD ﬁbef entbcaragh ef iheatéd/through a

bl S or G’ HARRRs As BT LG 2B0 a5 D UtTAGh At F % Ry ot Oftical fiber

130C Qi Me@fiachid 0 aduFReQBOR &Qlﬂex@@%ngla ahel 18bher hOUSI ng
2624 when the front &)ortlon oar) of the lin

shdemoteggepiich opsngeiag 1 08evaen a@eceefmm@@cﬂf ithe qnﬂe%l.f@élal% (FIG. 1)
can Y4 §eﬁbc@ﬁ ahordh DB e miMBurh Qzd B1EachiPHTohinef ldol}ﬁattlm be detected. In

colls 3000 and 3002, an AC signal is induced in
the enabagitaent ShawigBBGG. Whihe pacing 169 imenpreximetslyaequnk @mee the radius of

ben%?%ﬁ%ﬁh@%ﬁ%&a‘l fiﬁél“lb6 %%Q\%&ﬁﬁﬁéﬂg&h}ﬁéal E‘B@rsrhgﬁpel{nﬂ‘lﬂ ‘ﬁ@ ractical bend radii.

0

drrves
If suptancaplticdl i fiber isZRROWitlA al radies lesshtbat thas npmnstn dass of dighigtransmission

t h resent nvent n_can he enenaﬁg; iL,n .vari.Qus .
thro?%r %es Eer'ﬁ_g? 18r)1( g%p o?’acraI g €r, f:an ocﬁ,lur %‘Fn% 14, to avoid such loss in
situdtioaxivhére paiteh Rshihwe tiieethe desimmiieddabdiveis dokitdd, tves pemibre optical

v 37 2 R b e TR A AT AP bers e used

and @b@lsdph@al b ghtod Sts QiniERAMPAGIE, ShdBpRirgAk . @404\)\/@14%e@ Ehe optical
woven fabrjic materjal. The optical fiber can

ﬁbe’ér?B’éH?i approximetgly 14X g mippmysm spagiye 6k aaﬂl%@?twékﬁ%c@eéw&cal fibers
can 99‘& 16 8mWelyhathllef 98 &obn\EFROAU! HAKEY caDEE hon-FrSHel. 7For example, as
p
i [l'Ustrates another enbodinent, in which a |iner sheet
showmm §I§. 15, the optical fibers 1500 and 1502 can be dlsposed at an angle with respect to each
other. Alternatively (not shown), two liner sheets can be used, one on top of the other, to linc a
single surface of a container. The optical fibers of these two liner sheets can, for example, be

oriented at an angle to each other, offset from each other or otherwise to provide a tighter pitch than
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made of a flexible, reliable material. The |iner sheet
700 can be unrolled prior to installation in a

w@oemwsasates and | ater re-rolled for storage. SuRGIT/ES2004/043836
flexible liner sheet can be attached and connected as
descri bed above, wth respect to rigid panel s.

Al t hough the_present |nvent|o s far. bee .
can by SR T RSB HOPSR VB e Er PriE g, Sl #pgfor especially

Smmﬁﬁg@f@ﬁers ot her enbodi ments can be used in other
ﬁ;:s of shi pping containers or bhoxes. For ex
F

angthpr gnahedineneshown in Fi§3. d 6.t ngle Pptt%ﬁ‘a%lﬁg}o E%’é%? hfigured so
loops; QPR o8 g&g ntgl%% di e Ex#cﬁ oP fhe bpfical ﬁﬁé‘%@%nérﬁé’ &Bh b&py more than

¢an be size laped for use In si Ze,
180°LdD2upmined el tisik,zgoddela ﬁdaprel pRcing. a@thercmﬁalﬂram Ocﬁra single optical

fier groviding & edvpt SRR Ao snpH ol IR e ene © o
i n)KE Abted Andié thakd Bndisiftidal ifdersdah PP irtdnded ke each dietshas. K@ 2@ shows a

used to ship goods via P rcel t, ( service,. For .
iner gathaDE), Wk &0 SEiCH) it 402en 2P0Rchs ShBin SUG: 2hae engiel fbers
200208004 8GEHe baRboE] B @mﬁ othEh@n kérR8) arR0fhe GoGettie! étﬂi@alaﬁbers can be
control circuit 902 that includes the detector. circu

connggied toRIs@gledighbetrce ﬁ@O %@%@igh?tl@ht dttaetar 262-r/diFrmagively (not shown), he
optlc(AIeﬁtS:Jﬂ b&8, 3RVEn P?g&ﬁ %ed ﬂonﬁ h &B@ﬁh g, B the optical ﬁbers can be

necessarily be a to t e |nter|or surfaces of
connbcixdto'ﬁrsalgjlqlrwtsosh',eemd Dielckght datedier el y pl aced i nsi de

th bOXItem %ﬂa%héu\ﬁentéﬂ‘é %‘tﬁ@' 61{38111“ gtlc%%bgﬁﬁboz 2004 can be

i nd} fué tarecor f ecor
connaételd toatsaimﬂrghoioume d@ﬂ)mﬂ@dOHo(r@aedmvelT/h alct:mmwrollglm dcbbctor 202a and

20 §2E R IR S TG 0 2 MR W procses i
serie® BEIPatl8HyGeRletr dicuit 2®4al ocation and its br each and

radi ati on status._ Furth S 3 ot ed, odi nen

of AFeAllghcovevtion o far REEiER] FaFs 200Gs 20 Pt bpre BoctiSin Sfthe signals

front §6 lRRH B Ers CRANIRIIN@ALS sorh® brefifae loh Ee d)}jtma.lt ﬁférsi ﬁhthout triggering an
containers with flat surfaces. For exa

alarrg h3ush dreglsageiaighidstexpecipdydug, to sHgh é@n‘ﬂmggﬁ é}t‘eCP?é‘ﬁls tnaght undergo as
cont&lgg'g %Jﬁoﬁ&daana %to@&éﬁ TﬁéJ GRo@R o@ 1eH ¥aEmtHal e Svearal pﬁallel optical

I ner. [ 1 ner heet accordi ng to t he
ﬁbeqs Kiqmds ori mvmnnbeo nf tbawtmd ﬁmu@mmmw e ee@nt%qrﬁ%loaded the

0. is_an
syst%% ﬁ(éu[la' JEEO™ gk\l/ ﬁﬁ&é grg %gac%/ hrﬁw?ﬁ) % g%ggg A an %.é'gltematwely, the
systére tooeld rsehasOtht ayems cslfa@ht aeidg ﬂ@mmttéah endfett ﬂhet iraguat @s a reference

1004 or .1006.c be a supstrate.. .u ch t h
amopgly L%, 6 gty St spctyt B Gatsmiie L R Y e sl bmoun, the
systd @8uld isfenhi0f BResthiof shiftein @hrgd,ne dikyeed aﬁxﬁﬁBOf sourke, ast 4l the optical

scoring, cuttin [ 1 in
fibersppercipraisrdat oge s%pe@ﬁm tip0f i b Terts B of Pifisng pood i primary
opu&mgbaggﬁgmhg¥ﬁr 1004. The opti cal flber 1002 is

inserted in the groove(s), 1008(-1010), and the t

| ay'ewsof1tboabovgeigscabed Jinst asgts oK viasiafiors| b"é”F‘%}l c%]ée used to monitor a
con 191%11 9. 13 ﬁ’lﬁgtraﬁé'é‘r& [R6ceSOlof 8fhniidHng AchRDRdr. AE 2560) QWCSSW %ﬁe interior

etween two layers while the layers are soft, such

surflesf @raeportinaythesedd, it linddyviduanenticabprth-dafining matgrial, Af 2308, ne end of the
optngal ggth ?{ﬁ%mﬁteﬁ Uh36L 1t Qfies frﬁ’lfof %eotp‘ﬂgalﬁgﬁ id AYffoPedCBla §Bnge in an
nade of a s anbe

onger rmateria C treated to
optibaéchmm:tatsﬁmfghafoputﬁaatht he rest of the panel

The invention has been described in relation to closed (i.e. entirely surrounded) containers,

rooms and the like, however embodiments are also applicable to protecting open areas, such as
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1000. Suitable materials for the surfaces include
wood, rubber, carpet and industrial fabric or carpet.
wab@s/069184 panel 1000 is installed in a contai nPCT/UB100£043836
surface 1012 can be nmade to face the interior of the
contai ner. Such a surface can better resist |n'pact
and t hus acci dent_ al damag fromcargo and equip
HE

yardgdor erempler ohpen ekl 31.cdtnetpasel URP sekeptiach tomfence 3102, such

as a c AJH%L]E 83 18 nRRGEHS riRE fcfr%éa'cﬁ’étth&&)f ?r RARSton SU4F he@fnce. For
e panel 1000 described above. At 1100, one or nore
exangﬂ@ mhﬁe’@exdﬂealuﬁe@ shastidgseribed sheoyvst with refesgncd 100BIG.oh eanghe #igeked to the
oove
fencgfé[y esulsl,&ll,l S{a {Mﬁt {(]af%) é %g[nﬁlt %@%t jlﬁ E% ﬁglruﬁcl\-! gﬂ;élé'%é, %d the liner
sheet cmmesetagtsbheditoothe fanfe bihergrspwisged Wﬁ&ts drllﬁtﬁl;lket detesuﬁEetly,aine Or more

ey U B B o A e SRR B n i o
discﬁ@éﬂca[bb%i‘d} re]fdtigaﬁl Néigl Iuet }fheetaﬁ‘tacﬂeﬂ us tarfaice Ghtda Srafek Gucldd, radiation, as
an optical fiber 12 be woven into.a
discyseoen HheiglRe, égclsi?gﬂﬁjr iz 5 TSR TR PV Ul gfiation in it
vicidegt i cal f i ber can be woven or thr eaded through a
blanket, carpet or simlar materijal. not ed above
anéh AR implemgnppn} Gin ei@fmcahW%Qrupétal ca%lubs é‘FﬂlZP%@fhef than the

f [ hn h
R i N T

acrosse:hwalofadqaa@i enwopwrinto@rfebrisfio pieeide brepkege detieptéqn sirpiar to that of the
ﬁbel( optlc %n%'godlrﬁ&t l?i%cﬁgéde %o%g Af Ce?erf% %%&1 tol'; %néxr ' é%h% Mnd electrical

reac cont ai ner
deted@ﬁ@&b%dbrdahﬁhecc&ﬂb@depﬁm shown in FIG 1 the

2][‘3 %ﬁgh%%geﬁnﬁn?ﬁg)%t@gﬁw Wﬁ@ Eg}]ir@t%coe t%lé}nvéf\%get}‘rgg em%ocl‘hment those

skilled hihﬁahrt fwlillp aﬁ@elrdmu%n@hlbﬁré‘ﬂém mﬁﬁ€&1ﬁ@@s chrebd ni]ﬂd IWh.lle Isﬁll remaining
SucC an I Ca lper 1s ent., Wit a [.aqgl.us €ess n, .
itk S i o Y dhGprereh bR tioEn EnASeiEY s &aﬂenfiﬁcg claims. For

exalﬁﬁgtaltﬁél[@' s@ﬁle%bbﬂ‘lﬁleﬁ@tvbe?@hesﬁﬂ&ﬁﬁn GEltioAae Whipphiy &Jﬁ&!ﬂ&rs used to
to avoid such loss in situations where

tranmort@hrgpéb@’e CPRNnYTRPTIOhE WeHip HISFR FESIn PR HuSgsgyards and the ke,
RSk g ﬁﬁi[%g nééﬁl? %dﬁl%tdf G comaﬁl‘éfssat l‘i&@m@@oéﬁ@&n& Rbodiments
e I nt ace

e ‘can n such an enbodi nent, if
werQ mspmi&ﬂ itf felpéipis toashéppingesdntainers Gmlh)no;blpﬁ et Thegseandi Of,heb gptpodiments

can@“.ﬁet &‘w% %%ﬁ?g&ég %mfb ?}%?%é({k%%{aﬁfﬁ Tf%ﬁ%%ntﬁ%ﬁ%@ﬁéb be used

to detedt |tm1mmgmnh rog abfeak irso orgiUEOb pmounabf 4 jtipetnre, Fheh asnjoffade, vault or

o 25,5020 "R T T e LIRS 538 APR0 Bofl i ot
varibis theof shippiriehentaiptrs ead bcfxb;b es Well&@orﬁsmildbf)@ﬁ areas) siwh as yards, that
are %x?og&%é? ya 1 aQ @ﬁ g%l l§<ﬁ ht1c§rgs C‘iaﬁcL obogggsgi; t hgilri]ffeﬁgtial amplifiers,

conhﬁﬁ&@ns %&fe@narﬁoﬂarﬁlfs e EveOhipRinente® With'@scRets i otghi€s, integrated circuits
Surface of a container. The optical fibers of the

andfoygrorispsy cxsREmESORW#T OF Srnwara feTed It BEmeR: Bmpddition, therpptical paths
hav@g QedcRbdiBs BeiRh Bihted stu{gstﬁ)hca{l FBLs ARE4 nRERS s can, however, be used

erw se to provide a tighter pitch thancan. be
to oms\pptmajpa@@s Boreexpinpleyhodlpe dgbes pshrairtsrs af soppinptiens of technologies can

bel%gcftéggmtopgga%gﬁgﬂlggghMglg as for especially sensitive
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I n anot her enbodi nrent shown in FIG 16, a single
optical fiber 1600 can be configured so | oops, such as
wo b@speshown at 1602, at the ends of the opti ceCT/UE1964/043836
segnents each occupy nore than 180 of curvature and,
t hus, provide a reduced spacing. O her configurations
of a single optical fiber providing a reduced spacing
are shown in FIGS. 17, 18C§ 39. As noted, nore than
Vnmpgebgﬁhhgal fiber can be included in each |iner sheet.
FIG 20 shows a liner sheet 2000 with two optica
fibers 2002 and 2004. As sho in FIG 21, the optica
L i pdgmpep deieetion aysiem &R a B@t%’éﬁﬁ\ﬁ%’ Zege ObMET ApCTiPT YFlages, comprising:
SeLi1&s on@ ekt ihG sh&s ﬁ’ﬁ %ing St 10Rfd 15‘(}’1‘410&C dfiaelesst 688 oPfie mtenor surfaces

connected to a single ht source 200 and a single
of th iceptained gthe frsblinep glgeet lmmne 1ap gxep o c}ﬁﬁ@ﬁe@n spiisahpath exfending across at
I
east ot of i 38 Byt LA U R BB b Bn RS nteror suface
cmmennmmqﬁemmlquMShmgﬂemhcgﬁhegwmﬂwahand a single light
detector. In an alternative enbodi nent shown in FlIG
22, each optical fiber 2002, 2004 can be connected to
2. it$h@Mﬂmhkﬂﬂ%u@ﬁyﬁaﬁoﬂaﬁﬁ1Bﬁﬂmaﬁ@hmﬁﬁﬂgpectiver) and

its own light detect 02a d ely).
| i e cenfiareddt g BeRoier i8S wfie Chr i of B pical pa
2004 can be processes |n series or in parallel by a
detector circuit 204a. A paraIIeI connection of the

3. optTheamper dstsetionaysiom obelaim 2, Srthsr GHIHFPE| processi ng of
t hghgﬁtg&ﬁ’lﬂ?oﬂtlﬁﬂgﬂ dofiecRAkd &félené (bftiﬁer nﬁ)ﬂCM’?Hﬂh%ﬂ@' erate

sone breakage of the optical ber s hout trig erln%
anaélgbtrdﬁeceu enuqaﬂzeamg@edﬁwthﬁeenépéé&@aca cah, perein the circuit
r ok I
uses P A 118 i S G N b g KBRS O Berti of the optca
pathl i ght transn1tted by several paral | el optical fibers
depends on the nunber of the optical fibers that
remain intact. Once a container is |oaded, the system
4. coUhél HGRS detebtionhsybteerfclAmes, ifmﬂ&ﬁborapmisiﬂggm mbrrd avvaggetkd to the

Qr severe fiber ternatl t st.em cqul.d .
ciro o ASCOICHE P4 GV PG AP gD i B e AR L change i the
Opu&alpa{ar@fggmofqge c?,ugaef,gﬁence amount. Later, in transit,

i f the anount transmtted light fell belowthe

ref erence anount, the systemcould signal a breach or
5. Shithl tahfpeC@idBon @%teﬁiﬂ 0?15 £ A iRRAMEe offfcal RN Bpridéitandplical fiber.

the optical fibers need be used at one tine. §ene of

the optical fibers can be left as spares and used if
6. PriHBY é?tdege@% r{ Eﬁ?e'fr? oP LRt 3MRGE in ABYat qgas? I'bﬁe first liner sheet is

above Iner  sheets "or variations thereon can
config@iredsferattachmemhiot thy at deasterpogionof the Eite@or a8iard ¢ﬁ@@ eertaigerg

process for nonitoring a container. At 2300, at | east

one interior surface, or a portion thereof, is |ined
7. W tThe &ipepddtetbn patehrafefainn i vghervirt the dtical path @B@Risesomeptical fiber.

end of the optical path is illumnated. At 2304, the

ot her end of the optical path is nonitored for a
8. Chamg@nhger dlection system of claim 7, wherein the optical fiber is woven into the at least

one first liner sheet.

9. The tamper detection system of claim 8, wherein the at least one first liner sheet comprises

a carpet.
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optical characteristic of the optical path. The
i nvention has been described in relation to closed
W@ 2008/06gm i rel y surrounded) containers, roons BOTUS104/043836
i ke, however enbodi nents are al so applicable to
protecting open areas, such asyards. For exanple, as
shown in FIG 31, a |liner panel 3100 can be attached
to a fence 3102, such as a chain link fence, to
10. o9 érhﬁtet:@dﬁ%?st@tﬁ lof BEBAE RASredBE 8OEasPbnd M6 1R élféet comprises
near the fence or exanpl e, the flexible liner sheet
a sentjetgid paveld above with reference to FIG 7 can be
attached to the fence by any suitable fastener. For
exanpl e, the liner sheet 3100 can include eyelets, and
11. t hEhd tamper deteetiin system béclaint A whesintthe ¢ftiealfidbacie nipjded into the at least
crews, twisted wwres or the like. Alternatively, one
oneéktm%ﬁﬁpﬁteX|ble rigid or sem-rigid panels can be
attached to the fence and interconnected in series, as

di scussed above. heet
2. o TR aeER St Ace die lagf*?t LR e Brdwighed between
two Bl &6 65564 18R0)R first igreficer €, such a liner sheet is
sensitive to relatively lowlevel radiation inits
vicinity. In an alternative inplenentation, a thin
13. eI '?ﬁé aﬁnﬁ?l deWdcliéh QteRBE Hatﬁta'ﬂ ettt the Sﬁféalrfﬁ;ef‘i% rattMl@(m td B8urface of
ber descri bed abdve. For exanple, a
ﬂwaebeﬁpnﬁﬂ@lmmwﬂeﬂCan b e arranged in a zigzag path
across the area of a panel or woven into a fabric to
provi de breakage detection simlar to that of the
14. f i Dhe tampen deteetidionyitom of clalesk firthecoaiposieg: An el ectri cal

[ I d i cal t
det BatteSiro PRt AREE L o PR SR B e e
I Ny dpfitideRctopsptiosiBreoniesed toaothu dnb ofmé epteakiibet;and

preferred enbqdi t hose

(nteH Y EREeElRg t%%r\g?@&dstt%mtaﬂ 3 fonfighes i thieiie il gharacteristi
of thedblic@1 St &lang®nei Ning Wi thin the spirit and scope of

the present 1 nvention, as described in the appended

cl ai ms. For exanpl e, aIthough some enbodi ments were

15. deggg i r dBe&t® 1%?!%’&99 of Cla 1 @ pﬁlﬁﬂcr%ﬂlbﬁélﬁfﬁﬁ aldﬁt@@ohﬁected to the
tranSp t car hese containers can al so be used t

circuit apd sonfiguegd tp he W@Pd)l(ﬁ@egpﬂ%m*@@ﬂﬁﬂﬂwtoﬁ@e opiical P%Cb@lgt?s
as during |oading and unl oadi ng of the containers at a
| oadi ng dock. Sone enbodi nents were described in

16. r elTat taopet detshiopgpistay of daitral 4) Enthenmegrising: s hi ps etc.

These nd othe enbod S can. a . .
shitppf gﬁ@m%§Lgﬁ h?ﬁggmcfncon ers %¥dh a signal if the
cﬁmhnxﬁn&mpn can also be used to detect tanperlng Wi th,
or a break into or out of, a roomof a structure, such
as an office, vault or prison cell. The term
17. " Caib BkpRF detdcflon £8tefl cBblEn 165 furthbedofpeikifig: t 0 be
construed broadly_ to include various types of shipping
c o AtVETeHET ogid copfigaisd togecapys the ignak 88hs ™ and open ar eas,
SUGH 2B8m ¥BffBed i@k wieRsSHEdRY BREEL ERLHBVIAE at |ﬂ1;@dication if the
i ke. Functions descri bed above, such as differentia
optieakphardoiasistc ofdbmerticsl pathshangesi ggers and al arns, can be
i mpl emented with discrete circuits, integrated
circuits
18.  The tamper detection system of claim 14, further comprising a wireless system aboard a

vessel configured to notify a port system of an approach of the vessel, the wireless system being
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and/ or processors executing software or firmiare
stored in nenory. In addition, the optical paths have
whe@s/odscri bed as being created using opti cal PE€T/D82084/043836
O her nechani sns can, however, be used to create
optical paths. For exanple, hollow tubes and mrrors
or conbi nations of technol ogi-es can be used to: define
furthgpeanfgired 4e hefify ficopryh systemelf dheoomticrlschapngteristic of|thg mettpal path has
dmm%%f 1. A tanper detection systemfor a container
aving one or nore interior surfaces, conprising: at
| east one first liner sheet for lining at |east a
partion of, at.|east ope .of,the interi r : .
19, PpbAeBRpdidsBionnae BT Gp npurbEr 1R, AN RES Bt comprises
a flexable, roBfol dngri=A fhadgzhibe ahrofat grioe tot tactinregt @ahaos feagtiond eftbe¢ interior
a portion of the area such that a breach of the at
m“ﬁpﬁégﬁwéoﬁﬁpﬁion of the container interior surface
causes a change in an optical characteristic of the
optical path. 2. The tanper detection systemof claim .
20. 1, The fpmperrdeeatigsrsygrp gt clan: ], Pigre '%6 At Wﬁ ?I&of{fnit gmafe%% omprises
aﬁgmggnghange in the optical characteristic of the
optical path. 3. The tanper detection system of claim
2, further conprising: a light source optically
21. PRSP oo Ry BB oFLhl'? yARIIER PRI on R i st comprises
a plugglity efdlingedpimelswherein the circuit uses a signal from
the light detector to detect the change in the optica
characteristic of the optical path. 4. The tanper
22. deTBetainper dyestic@syaém of daim 23, wherein tierat tostpné Sistrigieasheet comprises
] arm connected to the circuit, the circuit being
fm”gﬁﬁ? RA#F'Ed to activate the alarmif the circuit
detects the change in the optical characteristic of

the optical path. 5. The tanper detection sgsten1 f )
23. ¢| Ahereamperdriscaqn systaa obglaimcly WhelR %ﬁf@?@&% r5Himghheq! gomprises
A . The tanmper detection systemof claimb5,
- ﬁ#%?ggﬁﬁfhe at |l east one first liner sheet is
configured for attachnent to the at | east a portion of
the,inter] ' : ; nd
24. qoab Pkl eoBll B8 o behl'1, SARLALEK pindod pUNR I RRE gorrespo
to omeaufjirel istesorantfarps ofdld cohfafyer.. 8. The tanper detection
systemof claim7, wherein the optical fiber is woven
into the at least one first liner sheet. 9. The tanper
25. detrge tangier dytadiensgtenct bdlaimB4, wherini the téreaindr i ®wstangre shipping
first liner sheet conprises a carpet.10. The tanper
contgfiiflect i on system of claim 8, wherein the at |east one

first liner sheet conprises a sem-rigid panel.

26.  The tamper detection system of claim 24, wherein the container is an aircraft shipping

container.

27.  The tamper detection system of claim 24, wherein the container includes at least one curved

surface.

28.  The tamper detection system of claim 24, wherein the at least one liner sheet comprises six

hinged panels.
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11. The tanper detection systemof claim?7, wherein
the optical fiber is nolded into the at |east one
WO poos6d7phner sheet. 12. The tanper detection SPET/ER2004/043836
claim7, wherein the optical fiber is sandw ched
between two | ayers of the at |east one first l'iner
sheet. 13. The tanper detection systemof claim7, .
29. whBhedrmperiateeiinnisysiim of dam 24 wherein His @hlepsh one g %@éOQPﬂSCS four
hingd aL least one first liner sheet. 14. The tanper
tection systemof claim7, further conprising: a
i ght source optlcally connected to one end of the
0 caly t ch al
30. Qb gt BBeif S o ANELS By RREh GPICaK, GROGEGEAHNEA. pancis
comjoisasentnatitytod hinged dubgmels;iet ector and configured to
activate if an optical characteristic of the optica
pat h changes. 15. The tanper detection system of claim
31. 14Thd tambbreteteeionBybisinog claim al veteneirc tha aledse onet fosttliner sheet includes a

circuit and co ured to I vat |f the optica
first e%alafefﬂwr%?w@a@f g{ﬂﬁ}é@%&bi’l} ingw?ﬁﬂgpﬂﬁce es. 16. The
tanper detection systemof claim 14, further
rising; a wireless transnmtter connected to the
32. ¢ %E%mmp%rﬁateewswijweﬁde@ Hly Bbercpmpgisiiegnal i f the

Ci § Glibid R 's%%f 5 tinidd at 1d43€at | ARG CHE HEEbA 61 at 34§ RBLPIhe interior
claim16, further conprising: a wreless receiver
surfagenrititap AoBtineD thesend lnar eeeshayingle scognd axghand iggliding a second optical
ﬁber e%éﬂg g% g&ogsoat & 2 ofh%h %f fes&064 %ﬁ%& SL‘%H ﬁﬁ?&’&feh@ﬁtff % dn fd portion
ron if the optica aracteristic o
of th'e rwnnamen m&hopatrfac&:tvasrg @schargd. in Eh epticahgeracastisctfitlgnsecond optical
fibes stemof claim 14, further conprising a wreless
s%@ten1aboard a vessel configured to notify a port
S y s t@Bhdbptieil cappcoaciicaly dithched esmend ofthesenbtrd&ipﬁm fiber;

g’%‘g"%b é fq %%Lfg hq? @gcho Qf%gfglgg{ g}etpiglf %gttlclgily £ ?683? t}b qecond optical

ﬁbelpcﬁttl{é Bevhd GRaRBeM via IR optid cérmbpes. det ection system of
claim7, wherein the at | east one first |liner sheet

conprises a flexible, rollable nmaterial that can be
33, uanﬁé h2i5heP Tdb@EtidnOsyRbh AGTUIRAL 33, Quilchh 8o ﬂeé‘&ﬁt hﬂéf‘ ghéf comprises a
t he |nter|or surfaces of the contai ner. he tanper
plurelby elCtingsd pesedt em of claim 7, wherein the at Ieast one
first liner sheet conprises a rigid panel. 21. The
tanper detection systemof claim7, wherein the at
34. | et tanrper fletection Isyshan of bleiet 33,0omprdis the second liner sheet comprises four

hinged panels.

35.  The tamper detection system of claim 33, wherein each hinged panel is sized to correspond

to one of the interior surfaces of the container.

36.  The tamper detection system of claim 7, wherein the first liner sheet includes a second
optical fiber extending across at least a portion of the area of first liner sheet, the second optical

fiber providing a second optical path.

37.  The tamper detection system of claim 36, wherein the two optical fibers are optically

connected together in seties to form an extended optical path; and further comprising:
24.
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a plurality of hinged panels. 22. The tanper detection
systemof claim2l, wherein the at | east one first

wo evsnesbeet conprises four hinged panels. 23.PamEs2004/043836
tanper detection system of claim 21, wherein the at
| east one first |liner sheet conprises six hinged
panel s. 24. The tanper detection system of claim 21,

wreclightt poueesitioAlly gernepiadhislan prd efjthertonded Qpipad 8#BNd t o
0 r@p@ft déc}gb‘?or Bl WnstEd B @%ﬁt@ eﬁdr@ ﬂ&‘eca%eﬁaea%ucazéath .The
etec Ion"systemof claim?2 wherein't
cmmmu:tmonm@teé tp @mlaghgdtteqtormd ppmfr@\re@ldﬁ taelm@ran a@@m ifiga optical
ete [ wherei n the
Cham(?%ﬁ? clcﬁ.g}fe Opﬁcal Qm%¥§{rh§]fn(}p% af%%& cng gont ainer. 27. The
tanper detectlon systen1of cla|n124 wherein the
t aj ner i cl.udes at st .qQne.curv d surfac
< g ORGIEE CT A o S B VRS 470 R BRE et are opticaly
connactted 8@&her @Ngardlichand fBaicoRpigg: Ses S| x hi nged
panel s. 29. The tanper detection s% m of claL.m 24

whie Fghtrflefagior ﬁtfcqﬂe%l"élfle%*?ﬁieto theyyo isel j copdeyrggfo activate an
alarnhifr:lﬂ% alsctcteﬁgtc of B&th baitaEibefi@hAfGkd. ON system of claim
erein at | east one of the hinged panels
conprlses a plurality of hinged sub-panels. 31. The
. SYSLRINRLcri6) finfl, lompiRBEei n the at
39 as Jt%o(rél:otf?ﬁjg%lgl nerI%FEeéjt1 l%{clzl udoesl:}Mg irst optical
cofmang@tlembm&:gbdw uawafabmf atsubsgrate:amd of the opti cal
fiber r ystem of claim 31,
fu’lptq"?]mng Ecﬁﬁké@%eagﬁés?gﬁé:%? r‘{gr sheet for lining at
Ieast at Ieast a second portion of at |east one of the
erlo f, the container, the second |iner
40' @ﬁnléw$ﬁéﬁ gét@ﬁﬁ“ﬁ?@%mgﬁd i ncl uding a second
Opﬁkﬁghmﬁkﬁ@ﬂﬁaﬁmﬁmémnamaﬁkgﬁﬁvat | east a portion of
t he second area such that a breach of the second
portion of the container interior surface causes a
41, CNeROR B SNLIARIFCRIhGREbARIR! I stic of the second
optical fiber; and a second optical connector
opbyeiaying thesueios oditbe subsiwatewifh afyethe second opti ca
fiber; wherein the optical fiber of the first |iner

sheet is optically coupled to the second optical fiber
42. of Thévmethed ofdaiin 41efurtbéreempnsing: t he opti cal connectors.

prior to overlaying the surface of the substrate with the layer, forming at least one groove in

a surface of the layer such that, when the substrate is overlaid with the layer, the layer surface
groove aligns with the at least one substrate surface groove to capture the optical fiber
therebetween.

43. A method of detecting tampering with a container or presence of a substance within the
container, the container having one or more interior surfaces, comprising:

lining at least a portion of at least one of the interior surfaces of the container with a
material having an optical fiber extending across at least a portion of the material;

illuminating one end of the optical fiber; and

monitoring the illumination at the other end of the optical fiber.

44, The method of claim 43, further comprising:
5.
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33. The tanper detection systemof claim 32, wherein

the second |iner sheet conprises a plurality of hinged
WEawsl627984. The tanper detection system of clBETUSBIN4/043836

wherein the second |iner sheet conprises four hinged

panel s. 35. The tanper detection system of claim 33,

wherei n each hinged panel is sized to correspond to

ondéetesting i ecsation pf the illymiratiena thefother endiefitertied! fibgpandThe
t : ' Al m 7. ; i rst
B o Bl o B
across at |least a portion of the area of first |iner
sheet , . t cond Lcal . f1 ber .providi e s
5. oo SE RS R Eis 2GR bR wigin e
contafier, thi esnidimer hinéng ame oombredatbridristeéacss, aosreprepigt cal |y

copnected together in series forman exte d . .
o RSt Jrattr Seaieh o, 8 oBS b hecRIRgP SRR oL Bt pengener with o
mateBiBl th@@ktines 6 opRelRth dkRndifig Bdrehs af ledshep@ubresfiRcmaidl,cal
path; a light detector optically connected.to the
ot Pepitesing tayoptieal paily {5 4 gbnese By anRticah gharpctersiip tereaty ¢y ¢
connected to the light detector and configured to
activate an alarmif an optical characteristic of the
46. optheapthphefrlam 48, forear cosprrisingl fi ber changes. 38. The
a) ? 4 | . r‘ - .
resp BB AP B LR U oBeal HREREL A
parallel; and further conprising: a |light detector

Ci Lguit,.connec th optical fibers and
47. con ?%lﬁtpgtgofcganég 1%%@@%%&? mif an optical
resp@i3beaci eltangd incheaititxd thureptisticadf tie dpecad pahaoyig a Wigelesfsignal.
nmet hod of fabricating a tanper detectionpanel,
conprising: formng at | east one groove in a surface
48. of Aashfplgtcombiasr, @atrikingerti ng an optical fiber in the
at | east one_graoove. 40. ge nmet hod of cl ai m 39,
f upk et o&w%lﬁev% an ﬂe&iaﬁ% Flipingopt PRIGH! Rafthgvendie agrosgypt least a

portiof 8Bhe A8 ofihe W witkiin thE 6ptiFRl JaRthad hn EhtRAIDhSHsterisHE bARIF 2 portion
conprising: overlaying the surface of the substrate

of thgjwia igbreaphed; theaptic agististisds dengedai m 41, further
conprising: prior to overlaying the surface of the
substrate with the layer, formng at |east one groove

49. i nThe shipping eorddiner o€ clagy ¢B, futhdr comatisingva eicuitheonfigured to detect the
substrate js_overl.ai ' t | ayer, the | ayer

Cha‘n§8 '} t%\l(e: 8ptlg°Fl io%l\a/1r & °t§‘i14|“§ ﬁgﬂlﬁoétﬁa]tlﬂgh at | east one substrate
surface groove to capture the optical fiber

50. The shipping container of claim 49, further comprising:

a light source optically connected to one end of the optical path; and

a light detector optically connected to another end of the optical path, wherein the circuit
uses a signal from the light detector to detect the change in the optical characteristic of the optical
path.

51.  The shipping container of claim 50, further comprising an alarm connected to the circuit,
the circuit being configured to activate the alarm if the circuit detects the change in the optical

characteristic of the optical path.

52.  The shipping container of claim 51, wherein the optical path comprises an optical fiber.
26-
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t herebet ween. 43. A nethod of detecting tanpering with

a contai ner or presence of a substance within the
wW@omsas91es , the contai ner having one or nore i PCEUSN4/043836

surfaces, conprising: lining at | east a portion of at

| east one of the interior surfaces of the container

with a material having an optical fiber extending

across at |least a portion of the material;

53, 1 | TRl REnAG FRRIR 52 RGP Gpfical fitke s saff¥fched between layers

nDnltorlng the illumnation at the other end of the
ofthepeil.cal fiber. 44. The method of claim43, further
conprising:detecting a cessation of the illumnation

at the other end of the optical fiber; and responsive
54, tonemqmngngm@hsxﬁek@aﬁEnmmmﬁnﬂhemuwdﬁhrm%ﬂ@ddeJaﬁﬂﬁweOfmﬁ
11actlvatlng an alarm 45. A nethod of detecting
tanpering with a container or presence of a substance
mﬁthin the container, the container having one or nore
éﬁrlor surface

R e A ERBGAE i s P odtiF ] gulbegy comprsing

t het 16481 SR ik lindMshdat for RihE b 18dst & b@ﬁordﬁfat leess oﬁbf@]&ﬁ inefibr surfaces
pat h extendlnp across at | east portion of gh

of thygeminga) the HREIFB ICECIAY 19 o6 A A S<CHE 33 PPficpbpeltorigading geross a

least arbo%n%@ Eﬂe‘%ﬁela s&dﬂ%&%ﬁ%ﬁ%&%f‘tﬁe dtMR5QGhortioft Bf thd B&ntsRer MRGkior surface
claim 45, further conprising: responsive to a

causeﬁ%hg@emalt@rélcaip?bilféfé‘Pﬂséhafth%t’leWP]éﬁhc of the optical

pa&ﬂﬁmﬁﬁﬁkﬁgﬂh s%&m§bﬁ&”1 47. The nmet hod of cl ai m 45,
t her conprl responsive to a change in the

opt cicaiit colrsrtad t06h¢ Iptdtion dftentining psteoednd pettiguredéndi ng a

wirel es n el S

a1 cacieSh R Fhme R BLP Bl AR y0 e SR i, o cirui

optttend theaiahgantlmmibnmg cM&ctBistimfﬂhee@Mal patlpor t i on of

t he ar ea of thlil wal.l , ein the optical path has an

opt i cal hedprain @ h&ontai”? ‘a portion of the wall

is breached the optical characteristic is changed.
The shlpplng contajner of claim48, further

56. co'f'f“b? fpadeiectipn sxsier ofiingtny SUteLCqRrEing 2 pnaty Jhggieuit being

fuItHeP c&rﬂ%m%@ttb GRte hBMAGILEE BE icbntAhdNE tRPhbESY 1P BelbircBP detects the
contai ner of claim49, further

Ip
Chm@@ﬁﬁh@@ﬂﬁ@-%aﬂﬂ@@ﬁﬁogﬁﬂﬂﬁ@mdﬁﬂicalIy connected to one
end of the optical path; and a |ight detector
optically connected to another end of the optica
57. patThg tawiper deiaotiorheysteinrof diaim 5 g circeit aping furthep portfigured faytere a time

at Wg.lﬁg fngtc(%créurﬂit (is)e eg€ & B%e &1? g@tﬂ:lgl Ah'a{ah@ﬁstlg BEnE QILtmal path.

58.  The tamper detection system of claim 55, further comprising a wireless transmitter

. connected to the circuit and configured to transmit the location of the container if the circuit detects

the change in the optical characteristic of the optical path.
59.  The tamper detection system of claim 57, wherein the wireless transmitter is further

configured to transmit the time at which the circuit detects the change in the optical characteristic of

the optical path.
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51. The shi pping contai ner of claimb50, further
conprising an alarm connected to the circuit, the

W@ 200s06979bei ng configured to activate the al arPe€T/US1004043836
circuit detects the change in the optical
characteristic of the optical path. 52. The shi pping
container of claim51, wherein the optical path

60. ¢cobs tagwer defection Fsiom of dam 533 furtherComprispg ﬁ@m‘él%ﬂ’il’ > dfshedFeuit being
furth®f cdnlf@hr@ RAstor8:AaRord Elﬁ)u%éoﬁ@havfﬂg%éesé & RARMENF BEBe container

betweén | ayers of the wal he shi ppi ng contai ner
in themeglo- m 52, wherein the optl caI f| ber is attached to
a surface of the wall. 55. A tanper detection system

for a container having one or nore interior surfaces,
61. coffpe itahpwg-deaaptidnemenomé didims60, | furlkesr ehpesing or wiickes gransmitter
conng%fp# g)gtg mgcfuﬁ ctél 8 4 eP‘Lnesa Omfortﬁ&t otnrlz%outgxtﬁrescrnl[is aving access to
the ih&riblngf e oﬁﬁt@ﬁelaﬂdhejafdu[’tl d&@ctanheoﬂtanmin thatoptieak tlemabtergtic of the
ross at least a portion of the area such that a
OPtl RHh of the at least a portion of the container

interior surface causes a change in an optical
characteristic of the optical path; a |ocation

62. detlBt MEHeEteclien eysferhalclameTdy &psther BWHERE @dnangprysrie circuit being
ﬁntﬂep&ﬁl'ﬁgﬁ}@d fetde ym@ﬂoﬂgof%xﬁtaﬁmﬁﬁ%oﬁ%a 12 WeBRerh & det ect
the change in the optical characteristic of t
opt ical path; and, if the circuit detects the change
[ Ceof %Ij]:;ng
tT }el‘? %malﬁnﬁe[‘ cﬁ:@c oca s?eg{rl]eogf &%1 e6%)of#¥tg$ner %E #%&ess transmitter
comteemqberthd eir@dttand norﬁ';@mdm) aﬁnsmlta;hemnﬁ&maﬁqmrabhmrpersons having access to

the 1&1g ﬁgf gﬁihgg:oﬁtgmgﬁgx t%é et (ﬁeéeg{: i oenc]rb eﬁlgg% (galﬁ rcl:léaracitenstlc of the

optitahgatirenory if the ci rcwt detects the change in the
optical characteristic of the optical path. 57. The
tanper detection systemof claim56, the circuit being

64. f UThb @impep adtéivh Gjiktdnﬂ oBEIGHESR ﬁiﬂhﬁﬁco&ipriéiﬁg @hmérhdy, the circuit being
circuit detects the change in the opti

furthep spaligued & ﬁtereo?hﬂﬂeca@stnoé dhe %ﬁnﬁfs@ thweer{l%mplg}der at least one
predgﬁhﬁiﬁgd&ﬁdﬁxﬁ,t em of clai m 55, furt her conprising a
W reless transmtter connected to the circuit and
configured to transmt the | ocation of the container
i f [ nge in the optical
63. chgﬁlg%eglpggﬁ%mo ééfoctggg &Fhapath 59. The tanper
detletettingra changt ema dfaraclea:;tmosm,e ilwivemagiom atttheothérced efhe optical fiber.
transmtter is further configured to transmt the tine
at which the circuit detects the change in the optical
66. chahaahehdeds bf claith 63 ewlogpdin clalectjyat the Gdhang'Ehm thengi@racteristic of the

det ect t f furt e
gyt B BEER ROk e oBuRh B Simidie Bt g7 U gpgnnacin.
i nformation about persons having access to the

interior of the cantainer
67.  the method of claim 65, further comprising:

responsive to detecting the change in the characteristic, activating an alarm.

68.  The method of claim 43, wherein the optical fiber is such that an optical characteristic of the
optical fiber is affected by radiation impinging on the optical fiber.
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in the nenory. 61. The tanper detection system of
claim60, further conprising a wireless transmtter

w@omsmet7ed to the circuit and configured to trPCEIB1004/043836
the informati on about persons having access to the
interior of the container if the circuit detects the
change in_the optical characteristic _of the opti

69. pathe mehod afplrimarpuhereie the opiiaahile wsueh it ae|°a'i1<iﬂ @eractenstw of the
optidal il ¥ aEAEPHY Ao AR inglBEn ﬁiero?ﬂéatl fbgi ng further
configured to store a history of contents of the
container in the menory. 63. The tanper detection
70. Sysfhgme@{)d 811 c‘ﬂn‘ﬁ'@zwhegé{ﬁ [hla% ticaP R is%h&gth aWo ﬁéa?aﬁraateristic of the
ransmtter connéett e circuit an Igured to
optidat filpes i affetthdby genonamtliagon 1aipmgh1gpe theamticah ﬁbmrn g access
to the interior of the container if the circuit
detects the change in the optical characteristic of
71. t h@hepithodbf gaii43, ereilfhtﬁe bpﬁnaBﬁbede'H mch iana tylsteanyiog capacity of
cl.ai urt a menor ircuit
the i) o I E S POk ACSE R PSP of ¢ he
container in the rrem)ry under at | east one
predet er m ned condition. met hod of claim 43,
72. § uthpBiethed ghelaig ﬁﬁ Wbaeeré@@ Pafgcabﬁlaqﬁ isyeh that a light-carrying capacity of
tef b9 fzathiA§ rddtaisMnAldi brdhe SftRaldiger end of
me@ngﬂgﬁrsfzgﬁo |bgr 66. The net hgcl)lgbof clﬂgrl%m 65, wherein
detecting the change in the characteristic of the
73. ! ! ﬁﬂ@‘n[éﬁ{ Hgﬂ’ c?a'imtﬂewﬂe ﬁrm&ﬁﬁiﬂﬂ% rkﬁ)tlgﬁtpaﬁlaéo &JrJQ%rmomtonng the
conpri ses tecting a decrease Tn t um n
optiGi¥ path Fre adedrépselingdf light-edrryingsapaeily themeof. conpri si ng:
responsi ve to detecting the change in the
characteristic, activating an alarm 68. The net hod of
74. cl éﬂh&m@ﬁmd wheigi 45, whereia el opéital path ersuelsthstisaloptidahithasmteristic of the

%{35) aact stlc of the optical fiber is
opticgl p fs f}{l?yaré ionJpPigiiE T8 on t he opti cal
f| ber 69. The nethod of claim43, wherein the optical

is such that an optical characteristic of the
7. optTlhé aiethpdl pevlaimstSaherein iy gy neth sch Gefi zopis! charecteristi of the

optléeﬁrﬂétﬂ S ROy MR 1APkAGRN b an? théfbon.The net hod of

claim 43, wherein the optica i ber is such that an

optical characteristic of the optical fiber is

aff

| GEERllpRUCARETE, bAGERARRTPARS I B PP HERleric of e

optléal pah is affestad by ganata adibiighmpogmgyiergncapaci ty of the

optical fiber is affected by nuclear radiation

i mpi ngi ng on the optical fiber. 72. The nethod of
77. C| aihmxﬂ&odv%feﬂajnmi féherzpit ihe aJIptlcEail peth is suchubit & hight-carrying capactiy

charfa? blgst@f SR VPR el B g %‘gziﬂﬁﬁ%éﬁﬁ%th%m cal
| per.

78.  The method of claim 77, wherein monitoring the optical path comprises monitoring the

optical path for a decrease in light-carrying capacity of the optical path.

79.  The method of claim 45, wherein the optical path is such that a light-carrying capactiy

characteristic of the optical path is affected by gamma radiation impinging thereon.
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73. The nethod of claim45, wherein nonitoring the

optical path conprises nonitoring the optical path for
wa2esosEase in a light-carrying capacity ther ep€T/US204/043836

The met hod of claim45, wherein the optical path is

such that an optical characteristic of the optica

path is affected by radiation inpinging thereon. 75. )
80. ThEhgvaethed obelaign 4p.nvhpsein ivepniicl nafleCoupirisesagn gpsicg] flbgr, an optical

ReRd ST @Ns HRIIABY nfilleh RkitAbh Hidifeid (i, opti cal
dmﬂpﬁ%ﬁn%s g? e%ted(%y&RUC%%arakadi tion iﬁbinging

thereon. 76. The nethod of claim45, wherein the

opty cal th 4 C an.ant.i terd Std .
s1. ChEE BenBEbE a3 Vool B diPlor ARRER SR i th opical
charactgpistigofivghi¢hhe affeted by gamibh eaditivhoubindingthereon. 45, wher ei n

the optical path is such that a |ight-carrying

capactiy characteristic of the optical path is
82. aL ﬁ"ﬁé:hﬁﬁlb% of ?lainle as, Wwingdia teasptidpaMGion@ritds @heptical Ti8er, the optical

The, met hod of. ¢claim 77, wherein nonjtoring th tical ..
chargeigristic ghiiei el et if §r Hehg AR HPREY| Ofrpth? e} figdr, and the Tight-
arrﬂ@%é’ of fhe lobtiiat fiveR{sr¥dud& WaRAEA HdifonliMFinSiAE tHerbon.
© pa ﬁ@ﬁég. Thebnethod of cl aim 45, mhereinﬁ?ﬁggoptica

path is such that a light-carrying capactiy
83. Char aft Ak Helebid sfstii M L CRLtaRRf Matifig Anb &5t BHRY i@ Burfaces,

radi ation inpinging thereon.80. The nethod of claim
comgifgingvher ei n t he optical path conprises an optica

fiber, | C teri sthe 0 ' LSt % S

by nucl %g?a%{r)é%ﬁl 121{e|r g%%l{ %%ilﬁ{gngn% l%ﬁteér 8%@%"9 @ﬁh {egﬁeg{)ﬁ%gi mterior
surfazks afithe conthiner, Wtediner shedt heviogir aed angdtving angpticd diberaavtending across

optical fiker, an ical . characteristic of .whigh.i
o 1R R LA e TG THY NP LR CP! lrsauses o
chan@e i wchptifal Chandcteridid ofikvaptitdl fibdte optical path conprises

an optical fiber, the optical characteristic of the

optical path is a light-carrying capacity of the
84. OPIThE Rldialibd &dtectiam Systelifofl A 188 AklierdiR eheGRRAS it the Bptical@haracteristic
. optical fiber is reduced by gamma radi ati on inpinging
is a degenesegn liglggarrying eapei® on det ection system for a

contai ner having one or nore interior surfaces,

conprising: at |east one liner sheet for |ining at
85. | edbe ragligtion ti¢tention Systam plclaim &pnwherkintthenyciperrafigiion includes gamma
nxﬁ§ﬂffaces of the container, the liner sheet having an

4%8a and havi ng an optical fiber extending across at
| east a portion of the area, such that nucl ear

radi ation inpinging. on e tical. fjber.causes a

86. ¢ e riion Ao SH L ke By 1Efeie thy ek i Rerdpetudes nentron

radiftidaer . 84. The radi ati on detection system of cl ai m 83,
wherein the change in the optical characteristic is a
decrease in light-carrying capacity. 85. The radiation

87, detme tdd@Mions Vsbaidh @f/stéiﬁ af EMiBAs3, WheleR e hit@eanth@aB&d includes gamma

radiation includes gamma
radiation.

88.  The radiation detection system of claim 83, wherein the nuclear radiation includes neutron

radiation.

89.  The radiation detection system of claim 83, further comprising:

a circuit configured to detect the change in the optical characteristic of the optical fiber.
30-



10

15

20

25

30

radi ation. 86. The radiation detection system of claim
84, wherein the nuclear radiation includes neutron
w0 agsate7en. 87. The radi ati on detecti on syst enPOf/USI084/043836

83, wherein the nuclear radiation includes ganma
radi ation. 88. The radiation detection system of claim
83, wherein the nuclear radiation includes neutron
radi ati on. 89. The radiation detection system of claim

90. S%héfﬁ&aﬁb%{de&e ég&brﬂ%fclﬁn%i Fitthtr c%elt%sl gired to detect

ange I nt i cal charfacteristic of the optica

f | dbght %Hcerwcalla@pmep‘@ﬁtod@@ end ¢fde apjisal Sherondc| ai m 84,

fur r [ t r | ircui
P GRATEPhEHEP iyl 0n RTS8 B ALY SERREERL o
uses (amgna]ai'dny ﬂredi‘gh’edﬁt@d)r tthdelm:Oﬂlh ehangp th bE optivel dyptaceastic of the optical
fib fiber, wherein the circuit uses a signal fromthe
i ght detector to detect the change in the optica
characteristic of the optical fiber. 91. The radiation
detection systemof cla further co

Al B GHARREoR &Y Se AL furfhfie cquRe %%L@Pﬁ@ommd to the

cirou§tO el Genie @elhg catigeatts abth@teah@binh if thb Rir&iit €dcts the change in the
detects the ¢hange in the optical characteristic of

optiqaheagpterigtis|of thetgptical §ber. A radi ation detection system
conprising: at |east one panel having an area and
havi ng an.optical fiber extending across at |east a
92. poAHWﬁmkmwmwMQm&V%qnC@Hﬁhﬁghat nucl ear radiation

I n'gthlte s ﬁ&ei Heﬁllr%p %‘A (a):id l?aﬁr{ngca%uo%%&rl gﬁ&[’c&ﬂ?ﬁ% dc ss at least a

carrying ca e-optica
portlSﬂ) uf the acaanduich tﬂraeducﬂezar pdedore Enplingiyig orhthe pptg:ahﬁlvmvmsa@ tlewrcase in

lighthd | ess. t han or ua% %Pabout 980 nmoptically connected
@1t8“3W§°§W8‘d? 8% @al fiber; a Iight. detector

opk ilight doMrce @bTRAeE do pﬂdﬁb&ﬂighﬁ{avﬁl@dt wdvelchgth &gt thamlbr equal to about
fiber; and a circuit co nect.e % %o t he Ilght det ect or
980EﬁémE%ﬂVP@HW@HiP&HBQF% qpicai8bfease in |ightcarrying

cap@ghtldétetbr dptBalBRIohsRted td ziil@!her & of thB 8pticAriit; 208
detection systemof claim 92, erein the |ight source,

i sacirtit gennseied & Predilit éetﬁqtgrﬁndrfeoﬁﬁgeda disgiagrease in light-
Cmngg§a?g e d ?g&@hb&p about 600 nm 94. The radiation
etectl

n systemof claim92, wherein the |ight source
is configured to produce |ight having a wavel ength

93. ! ©$Re tr%&ﬁogrde?egffcﬂ{ s§s%n99f’ gltam’? @9, Werein the light source is configured to

produce light having a wavelength less than or equal to about 600 nm.

94.  The radiation detection system of claim 92, wherein the light source is configured to

produce light having a wavelength less than or equal to about 540 nm.

95.  The radiation detection system of claim 92, wherein the light source is configured to
produce light having a wavelength less than or equal to about 502 nm.

96.  The radiation detection system of claim 92, wherein the light source is configured to

produce light having a wavelength less than or equal to about 472 nm.

97. A radiation detection system comprising:
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95. The radi ation detection system of claim 92,
wherein the |light source is configured to produce
wo c@htedtawi ng a wavel ength | ess than or equal PCT/ERINL/043836
502 nm 96. The radiation detection system of claim
92, wherein the light source is configured to produce
i ght having a wavel ength | ess than or equal to about

472 laaet oue7pangl hayingaan Bpe wdihavingon Yed dbFtemding Agpsat least a
porti%? gﬂhe QRE, RANElat RAYPHABRoPIE AR Y bhtaPibe? Rhs6Ad decrease in

_ er extendi ng across at |east” a portion of the area,
lightengupiing epacipiefitecaptiead fibett i on i npi ngi ng on the optical

e : : ] . :
L
a longrvaialesgth cghponkaivapticllag toupkedse a firssdraraf theaptdad filgerh

conmponent d a lL.ong-wavel ength co nent opti ||

C OB SR Pons BAY; RN Elef P GFRTRAN Mo R tn g configurea
to rebcitﬂi]gﬁ‘ﬁne@jeﬂﬁ?\ta?ﬂgﬁgﬂi édﬁi}iohe)ﬁts?ﬁﬂi@&ﬂﬁ@viﬁg)thao&mdleﬁgm ccﬁ%ponent;

the opti¢ i ber and configured to recei one t he

wad é?cg%leﬁﬂ é@?ﬁS‘Eﬁ?@H‘EBgY TPREIGH to s sgcap ﬁ’é‘f ohibe mﬂﬁ%l%fber;

vay el fRRatOcifRTRMREEd toheSMGARE sdcbAiiight @4te%dr®ind configured to detect

optically connected to the second end of the optical

a differppee befivegn hiceintsndly ithecigrvedohpaiereensdh eemapopet opd Firgreceived
1 gs,_%@ﬁg Labondgt ectors and configured to detect a
on di fergédr11c:e %Oélt ween the intensity of the received
short -wavel engt h conponent and the received
| oRg- wav : ) Lat en '
58. o AR BRSO bR SARANTNaim 97, vl Bk Al R 1B} B
to rdcaive thefoitlgu wedel¢ngtlr @opbreat tvitkoud tdveivingdheewaretenpth component received
conmpan i t hout receiving the wavel ength conponent
byﬂ#@ﬁ@ﬁ@ﬁﬂkﬁ%&?he first |ight detector. 99. A radiation
detection system conprising: at |east one panel having
an ar&ga}_‘gii having an optical fiber extending across
9. at A!ré gHo _ef?ﬁ?‘fl}s_é( BFOTHE Er ea, such that nucl ear
r agi Rhdt Qfe phiRI REViAYadired BRI BVirgCal opticsl Efibef 8kt&Tinglacross at least a
decrease in light-carrying capacity of the qptical )
portion 9é the ajefe pushAhat paclesp Fadiagpn mmaging o thg grtdcal fipRs sases @ decrease in
light Sitlying §5nSERRAtAY bkereh thd iR tibGahcthided § Hopalt that i
b d%g‘?glgsgﬁatﬁ% Il gﬁ@-%carryi n% gapé;%i 1t_y as ac resul (t)ﬂ of o
sensitivity rof dhee epticelafibeattp decréasp theglightrearryingeesnacity 4sj gypesult of the nuclear
Sour.ce. opt | y connected to one end of the optical
rmh%yﬁg@ﬁm%ﬁéh% Phﬁetector optically connected to anot her
end light sbinee opicaliatonfidckedtq ormredd af the pptiskkfitennnect ed to

the . l]j det ector and nfiqure dete t he
o &R bR DLcoPP g e o e T B g
f i hedircuil @Onnedtad t¢ ddi light deted@t At donfigiayd teedetadt tied décrmase in light-

. 9,9écapv\/|;§1tryec; 1 Joggcﬁ%géarpt is at |least one of erbium

100. The radiation detection system of claim 99, wherein the dopant is at least one of erbium,

ytterbium, aluminum, phosphorus, germanium and lanthanum.

101. The radiation detection system of claim 99, wherein the optical fiber includes about 0.18
mol % Yb, about 4.2 mole percent Al,O; and about 0.9 mol % P,0s.
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ytterbium alum num phosphorus, germani um and
| ant hanum 101. The radi ati on detection system of
web@snyg@y wherein the optical fiber includes PODUB2004/043836
0.18 nol % Yb, about 4.2 nole percent Al 203 and about
O 9 mol % P2C6. 102. The radi ati on detection systen1of
i m99, wherein the optical fiber includes_ about

102. rmITh%aé%Fﬁ% delsgiion sy ey Rl P, herein dhe opfal oy ilrgr%qd% sbout 2.0
nnﬂq§£§5&h£gmquﬁﬁa@%QLOQIa|n199 wherein the optica
fiber 1ncludes no fluorine in its core. 104. A

radi ati on detection systen1conpr|5|ng at | east one
103. paﬁf‘ﬁla ﬁbﬂ‘@et&ﬂo %@{aﬁﬁ‘% ofthh 0 #)f)tﬁ:ﬁl fidel €fudes no fluorine in

extendli ng acr oss east a portion o area, such
itscorhat nucl ear radlatlon I mpi ngi ng on the optical fiber

causes a decrease in light-carrying capacity of the

optical fiber, wherein the optical fiber includes a
104dopammmm&mﬂmBMmﬁngaeﬂSmﬁpmmgﬂex of refraction of a core

of t tlcathlber a t sour c

oo et SB° PO B FHENOE SLiPiFe Sgertingqeross at leat a

portid@ lof @leQireadRich Gebk h%l@pfuaﬁﬁbxeﬂnﬁlﬁguagﬁ@{ 1he optearfiss céd%& a decrease in
opti cal fiber; and a circuit connected to. the lLig

lightaaprrie srpagiftiofbr Artigal fiber. Wherieiscaptioa) b ﬁélal@é%d?mm that increases

anﬂdegﬁﬁ&ﬁﬁ&%hﬂga&ﬁ@mhé%n%ﬁb&e optical fiber. 105. The
radi ati on detection systemof claim 104, wherein the

do@@gm30@29ﬂ@§ﬁhﬁm9@xwi@ax&mmﬁéﬂhﬁmﬁ@ﬂf@@%ect|ng
(r)]gt%:h dete thf égtilcﬁ coftfHIRE bordridfhe Qfd%?fh%' Etgsaﬁibek %ﬁ& t one

|nate {0 a sh I ppi Ng tal ner;
il Iammcuuatcomwgcmeo thadigbf dé¢tbrtoropdi @afigfredoter detask rdwsqlmg:ase in light-

Cmﬂwgggfaghﬁ%gg pg?% ﬁo t he nucl ear radiation for at

reby integrating the effect of the
nuclear radlatlon on the opti cal flber over tlne and

torin he .illum natjon h nd , of
05optli P S A oria clagt Ak P ooyt i i
conprising: detecting a reduction in the

transm ssibility of the optical fiber. 108. The nethod
1060f Acpgthed afgletepiigmyelearaadigiionSopgrisipgs ponsi ve t o

detdrzggglusgeadéaa oh&GHeh1 1R Israxﬁna@ & Eﬁﬂﬁiﬁ hidinkd; ty of the

opti ber actlvatlng an alarm ™1 The et hod of
clamﬁmmﬁﬁgowmgﬂéﬁﬁwph@%% PBsi ng t he opt|cal fiber to

t h %}éﬁ&é{ﬁé% C}ftf'ag' fﬂ)tef %r}hé: R0, a¥ Tadnatibe @ﬁ%‘t ﬂfg%toﬂ@ d%p ttﬂe?ébly integrating

ear iation fromwt
the cffem ) i] thmmctbaIOfadlattw omghterpticad fibglogentinidZnd wher ei n t h e

ex F%r(x)osnll 1%1g tﬁe 111uEunaﬁon atﬁ:he rer ter(l)d o ee O%H&h ﬁgerr. radiation

i

107. The method of claim 15, further comprising:
detecting a reduction in the transmissibility of the optical fiber.

108. The method of claim 16, further comprising:

responsive to detecting the reduction in the transmissibility of the optical fiber, activating an

alarm.

109. The method of claim 106, wherein the exposing the optical fiber to the nuclear radiation

comprises exposing the optical fiber to nuclear radiation from within the shipping container.
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conpri ses exposing the optical fiber to nuclear

radi ati on fromoutside the shipping container. 111.
wab@swoed7pod of claim 106, wherein the di sposi nBCT/82004/043836

optical fiber conprises disposing at |east 1 km of

optical fiber proximate to the shipping container.

112. The nethod of claim 106, wherein the disposing

the optical fiber conprises disposing the optica
110.F 1 BRE m\é‘thui' 0P cluf® 1@ﬂ'vﬂﬁf&ﬂ9th@ Q%cﬁin@%e Qﬁlfi%a' fifdr ma{h@ Qdc1efr radiation

detecting nucl ear radiation, conprising. disposing an
compyiges exposifig the pptinabitientatraiclear rediation dfomepugidertag shippingfeontainer.

shi ppi ng contai ners and associ ati ng each optical fiber

with the respective shipping container; illumnating
111.on&henuithofl of aletm 066, twierapthi cispodingoibe sptiqab fibéraoinpgses kidgsposing at

il umnati at the other .end of each of the optica
leas?ﬁlﬂ%&?p%aaé%ggtﬁrﬂﬁmﬁte LG PN CRPECY r ansmi ssibility of

at | east sonme of the optical fibers; identifying two

or re_shi ppi hg, contai ners_respecti vel ssociated, .
12 {The metpd L sp 6. eﬁewet{lﬁﬁlﬁwc’é@g t 958 oA SaRRDeR disposing the
optidaBHbE tiBhShd shigpiatenhmeld i ity are detected; using

i nformati on about geonetric placenent of the

identified shipping containers to identify a |ocation

113.0f &rﬁ&h&ﬁ&ﬁ*d@ééﬁr&%ﬁ&l%ir&ii‘atioﬁ,%%mpﬁshﬁgﬁmper detection
system conprising: a first rectangul ar |iner sheet

hadispeping 41 ppjicalafiess raprdmaieftp reiaehy of afilwelity it shippjpat ¢entainers and

. endi r ; . [ the first area,
assof AL o RATRE S Bt ?efgﬁééflﬁedﬁﬂﬁ’gﬁ’?\%@“%g?ra| lel fol dabl e
r e dlumisating andenflof ekah bfthe egficalfibexst endi ng | ateral |y
across the smaller dinension . of. the.rectangul ar |iner
o napitonpidue i onas Meiomer e et pach St SRERENAR and
detiktaiting adeduttidrin @ plustnigibillty efdi Radistige aftthoqsicatibbsast

a portjon of the second area; a third rectangul.ar
i BRSSP 195 Yokt PR {CBA it FosRRgVaR AHCHR M at least some of

the dphiBR FibeR il WhibBHhb reEtRS intEindRiEMSBry Afe deRBRY; @ portion
of the third area, the third liner_ sheet includin

. . ] ng a
f oleia® [Teforesgiion pbatt gaomichis plagcmenl ok thecidendified shipging) qontainers to

idenqyﬁﬂaﬁgﬂo%eﬁﬁ%ﬁﬁ%ﬁwyl ar liner sheet, thereby
defining a hingable portion of the third |iner sheet;

a coupler interconnecting the fiber-optic path of the

114fi?§%%¥%ﬂﬁ&d%gﬁg%?ﬂqgﬁ%ﬁﬁm%iber'OptiC pat h of the

seco iner-s a coupl er interconnecting the
fi kdirstopttinguioatiter clieet havifg a Stst hremend ddifipatg aafiwbr-ppiec path extending
' 11516
0]

R TR TN I —
eaclCfolipble séglitg catefding latckally petossthesnialedBimesionaf the rectangular liner sheet;

a second liner sheet having a second area and defining a fiber-optic path extending across
at least a portion of the second area;

a third rectangular liner sheet having a third area and defining a fiber-optic path extending
across at least a portion of the third area, the third liner sheet including a foldable region extending
laterally across the small dimension of the rectangular liner sheet, thereby defining a hingable
portion of the third liner sheet;

a coupler interconnecting the fiber-optic path of the first liner sheet and the fiber-optic path

of the second liner sheet; and
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change in an optical characteristic of at |east one

ofthe first, second and third fiber-optic path. 116.
wab@sweatper detection system of claim 114, furP@EUS2004/043836

conprising: a light source optically connected to one

end of the optical path through the first, second and

third liner sheet; a |ight detector opt|cal

c 0P ARIPIGE dntergonppE thediberpiiic prthygh ghe st lnsy shﬁ%ttand the g ergaptic path
of thk RErdfintsSdheetS€CONd and third liner sheet; and a circuit

connected to the |light source and the Ilght det ect or

and operable to detect a change in an optica

5 CNALEERBL) BdsfoPLBh drEaRl 1P Rl bl Shing BRGRAME o decct

changy &t anroptéal c]hemacmniﬂgﬁqf at/\llamt anentf He fogreenidiaod thid tiherenptit hah.
i ght source and the end of the optical path extends
bet ween the second |liner sheet and the third |iner

116.s heg tawpendctdatontysigra bf €laipor 14| farth@fcompsitidii rd | i ner
sheet

is closed, 118. The ta r detection, syst of .
cl a%ﬁh tyspgrce gAY ﬁOIFIﬁ@e‘E 2555 ght q*&ét%@é Rahy ﬁwgn?n? first, second
and B8 6aLQhesand the end of the optical path extends
bet ween t he second |iner sheet and the third Ii

s hadighi debeetar [pptinlly gg@e@te@, &t e othepend plethe |optical pzpth é‘q{ough the first,

mmoﬂF%ﬁﬁhﬁ&h&& apdl19. The tanper detection system of
alm 116 efein the light source is

el ecirewtragmedtédda Ithqhgbtﬁt)pﬂce and the Highs defeetenand opgighle torlstect a change
in a{%@ﬁ%h%aﬁgﬁns%cé ?Paé ?east Fgoiltﬂé ﬁrgt gdc an‘a'f‘lﬁﬁit ﬁﬂfi%ﬁ %ﬁer sin

etects on sysfe claim
the light detector is eIectronagnetlcaIIy coupled to

17y "o et et BT b @ o 88 P& pB b i o pirfidnthe ight source
and fh¢ eh@6T B¢ opticalipathled#ndsHatiteh ﬂﬁtsedoﬂd)hﬁllshdcaﬁidalﬁd thind liner sheet when

gi ng fiber-optic path of at |east one of
thelp%bglppgion E@Egﬁ’iﬂlhé‘ﬁr& DeH ISPt ner sheet causes a

change in an optical characteristic of the fiber- optic
pat h. 122. A tanper detectjon systemfor attachnment

to
1185 a flandenpe oisiselian higtea of elaist 1bhevharsie the pewectionhefiyper he light
dete%f" R A i Btic Oﬂa&@@&en@@ﬁét@eéﬁ%@ s@SAER MbePatiASthird liner

east a portion area; neans for attaching
Sheelt Wéeratﬂle hlea@tle aéon of iherthisghlénst sheet is ¢leseflenc e; and a

circuit operable to detect a change in an optica
characteristic of the fiber-optic path. 123. The
119t affhetangtet dettdtion systest efnldf 106 avhard@ Zhe liahc bourdeds clectromagnetically

confF o o et e AR ot e BRI bR 01 e

fi ber-optic path.

120.  The tamper detection system of claim 116, wherein the light detector is electromagnetically
coupled to the circuit when the hingable portion of the third liner sheet is closed.

121.  The tamper detection system of claim 114, such that nuclear radiation impinging on the
fiber-optic peth of at least one of the first, second and third liner sheet causes a change in an optical

characteristic of the fiber-optic path.

122. A tamper detection system for attachment to a fence, comprising:
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at least one liner sheet having an area and defining a fiber-optic path extending across at
least a portion of the area;
means for attaching the at least one liner sheet to the fence; and

a circuit operable to detect a change in an optical characteristic of the fiber-optic path.

123.  The tamper detection system of claim 122, such that nuclear radiation impinging on the
fiber-optic path causes the change in the optical characteristic of the fiber-optic path.
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