oy e fig.
,n'_'CE,VL.
0CT 0 7 1993
OSTI

Los Alamos National Laboratory is operated by the University ol Califomta for the United States Depariment of Energy under contract W.7405-ENG-38

LA-UR-53-3469

TITLE: A VIRTUAL PROTOTYPE FOR AN EXPLOSIVES
DETECTION SYSTEM
AUTHOR(S): Tom Seed. Barry Bermiin, and John 1. Zahnt
SUBMITTED TO: Substance Identitication Technology

Innsbruck. Austria
October 4-8, 1993

DISCLAIMER

This report was preparcd un un sccounl bf work sponsored by an agency vf the Uniied Siaies
Government. Neither the United States CGovernmeni nor any agency thereof, nor any uof their
employees, makes uny warranly, express br implied, or assumes any legul liability vr responsis
bility for the accuracy, compleieneas, or usefulness of any informalion, apparaius, produci, or
provess disclosed, or represenis thai jia use would not infringe privalely vwned righis. Refer.
ence herein 1o uny specific commercial priduci, process, ur service by irade name, irademark,
manufuciurer. ur vtherwise does nut irecessarlly constiluie or imply s endursemeni, recom:
mendation, or fuvoring by the Uniied Stales Government ur uny “gency thereof. The views
and opinions of wuthors expreased herein do not necemurily wiwie nr refleci those of the
Uniled Stales Giovernmont ur uny ugency thereof.

By acceplance ol this articla. (he publisher recogiuzes that the U.5. Gavernment retains a nonexciusive royalty-iree license to publish or reproduce
the published lorm ol this contribution or to allow othars to do se, lor U S. Government purposes.

1ha Lom Ao Nalional Labioteloly Jeqiiesis Ul Ihe puldishy) xinnily IMe @eliclo an work peroimad wexlial Ihe auspicen ol 1ha U S Dapanmant ol Erargy

LOs Ala

H -]‘ ( e Los Alamos National Laboratory
IR [RARZXN Los Alamos New Mexico 87545

o I B
K104 tﬂ

SR WL i Lo e UL NG o Ui MELLY

"



About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov
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*Permanent address: Dept. of Physics. The George Washington University. Washington. D.C, 20052

1. INTRODUCTION

The develupment of the resonaniee-absorption based explosives detection system tEDS), as natiatty planned,
involved the parallel development ol a high-current proton accelerator (wiih a long development time) and the other
detection subsystems. The design approach For the latter was o devetop a capability tor computer modeling the
essential processes ol each subsystem, benchmark these modleds by experiment, and link the models, i.c., creating a
virtnal prototype, to explore the eftect vl subsystem design changes on the EDS system perlormmance, Additionally,
when the EDS prototype system was completed, the linked models would be used o investigate hurthier trade- olts in
detining an airport systeimn. Most ol the necessary snbsystemn modeling was completed and used in subsysiem
design. Liking ol alt ol the subsystems was accomplishied o some degree vranother.

There are manty physical and nuthenraucal processes thiat take place between the acceleration ob the proton bean
and the final display ol the recurearucted inage. Figare T summarizes these processes and indicates which code was
used o model eact particntar process.,

Section H reports on the modeling of the proton beam mcidenton a ' Ctarget, The giamma-ray vutput is the desired
output trom this phase of modehng, Section HE deseribes the wols used o imvestigate the trnsport al the gamima-
ritys through computer simulated phamtoms tsuitcases), Two dilterent cudes were used in this investigation: o
Monte Carlo photon transport code and a ray tracitig code. One benchmark between these codes wis accomplished.,
Sectian TV is concerned with the model catcutations pertormed on single detectors. The cateulations agam were
perturiied with w Monte Carto iransport code. The reconstruction code, nsed thronghont e the simulations and as
the workhorse i the mnadysis ot the real experinients, is deseribed in Section V. The graphies visualizaton and
alamm procedure are discussed i Section VI We conclinle, in Section VI wath our assessmient ol the
stimbnion/vicual pratotyping ol the reat expernnent,

1L MODELING OF THE PROTON BEAM AND I'FS INTERACTION WITHHTIE TARGET

Mauuleling ol the proton transpurt throwry b the P target and photon pradnction trom the M (L y) reaction were
dome wath EANT ST thaos Aliamos Fhyer Enerpy Pratsporo, o Mante Carhecade, Several modhihiciitions o thas conde
were iecessiry betore we conbit nse 1t tor oue appheations, These metmdes: v metncdng the ' cross sectns Tor
sesopnt i nanresonant proton mieractons, ) delmug an aebitracy: cothision fengihn whnelos o nmmmmiman at the
protu resoinee with Ve, an samphig the peoton enosston anghe sund conseguientty the phivton enerpy, andav)
ceconthmp the kinete parameters ol each photon tiea tle tor use as mput o MOND,

Fortneh taret vicht calentiations, MONP was able o compnte vitbes nracoondatice watke expenimentat values,

Frgmre 2 shows the resubis row atlowanp o B4 NeV beam ot protons o mteract withea ' tirpet, Phie
cucrpvamp e dependemee was cotsistent wath theory,



HL GAMMA-RAY TRANSPORT IN SUITCASES

A The Mone Carlo Method: The Treely disinbuted ciule MCNP was usedd imitially o model the wansport ol
gamma rays through sinteases. This then provuded the teount) data o be used in reconstruction. Originally MCNP
tackedt the necessary A cross sections tor the nuclear resonance-absorption process,  These were idded w the
libriries, so that naw MCNP has alt ol the presently recognized immportant physics built into it. It thus provides the
most powerlut and acenrate way o modeling real expenmentat data. The power ol building rather arbitrary shapes
i the phantoms alsa is unsurpassed, However, the tine regured w obtain 3% adata G nominal 400 connts 1 each
etector) For an enure model spitcase is nearly 24 hours on i CRAY (time shared),

B, The Rav Tracing Method: As modeling was proceeding with MCNP, o ray tracimy code was develuped that
wonld create parallel, fan, or cone bean data for incorporation i the reconstruction code (see below). Promise
tor the ray raang code came trom MONP atsell when e demonsurated that scattering imdivenced only about one
pereent ol the signal received by adetecor, ndeed, ray iracmg data and MCNP data tor the same phantom) gave
acirly the siune reconstruction when the ray inice cross sectiun wits adjusted slightly, as demonstrated 1o Figures 3
uid 4. Here we had o nse i 0 MeV cross secton ot 0,03 en=# ., instead of the vidue 0,022 which we had been
usiy.

The advantage ol the rav tracmg hes e ns speed ob execation: only nomintes or acceopeplete data set Front i sunease
L' ol shees thick. OF coarse, notath octhe phivsies s mchaded mthe ray tracmg eode,. However, these subtlenes
appeirr o be fost arthe coarseness ot our data tewdetectors, ew views, i lew cuunts),

IV, GAMMA.RAY DETECTION AND TRANSPORT IN DETECTORS

Detectur modehng addressed several ndepemtent issues and ok alvimtage of threee ditferent codes. MUNP wis
usal teemodet severat ditferent aspects ob the overall svstenn, Figure § shows a MONP shinalativan ol a BGO
detector with a muluple energy gamnuii-ry sonree tom a composite e e tarpet, The escape peaks are
reahly seen mthe speetria, MNP abso wis used to compire the etlicieney iad resobution tthe respanse luncetions)
ol BGO and Natt'Th detectors, The higher etheieney ot a BGO detector, Tor o given size, wis readily apparent,

Fead b tungsten cothmuntors were amodeled, withad withomt scattermg bronw thie shin, Eittde il Fereace between
the two cotlmator materids wis seen. mud shitseatterimg wis shown to be nunportnt,

Pertips the most nmportmt guesti coneerned wit amedes o eimisston ronohe target shiouhl be allowed o
unpuige on the detectors w provade the best detectur resaltiva amd stansnes. Mubtiple rans demonstrated that an
ik wadth ot D75 depree wias opnoal, Smadler sho wadths did not provode the necessary conminge statistues,
whereas Eper wnlths degriwded the resotuton by aroduciay mereised noise,

GUIDET, 0 CERN cunde, weas ived o modet the the transport af biphe throne b the detector o the phatomnltupher
tbe. Some ettort was expended meeetime GUEDETZ woaceepta MNP owput, Phen GUIDET calenbiitions showed
et wthoblack brontamd sude tices ambe stetector pave 3770 vtucieney while nnarored bices provaded 980
cthewney, Fatby, the wost naportamt vesabt ot GUIEDE? calentations bas been o optamee size, stiipe mad
uerctib ot detectons et by hiteaades: Phe optimal stiape for the heha paides s tapered strptys the opunmm
maternat s abso BGO,

EGS 1ERectron Crammmen Shower s, a SEAC code, contmumat the wos exphent Forsatation ob tie electron amd o
vav mteractions, Howas nsed sacecesstubby ammodehme the response of ditterent stz BGO detweetons,



V. RECONSTRUCTION BY THE METHOD O CORMACK

e 1903 md 1964 ACNL Conanack pubhished two senunad prapers onc the representation ot a functon by s e
wmteerials (L21 Tor wateh he was subsequenity awardedd (hie Nobet Prize. We beginr with his work and were able o
venerabize lus method from paridlel bewn omograptey to s beanommography isee the tortheonung paper by
Faber. Joubert, Kust, Wing ad Zaurt [3]). The essence ol this inethaxd involves Fourer ranstormung the dativ in
angle spaee nhie angle ot the projectiom). followed by asmenkar vatue decomposdtion sotve tor the Fourier
coctticients ot the solntone These are then back Fourier transtormed tincagle spacey to give the density nn unats ol
- by This was doue tor both the oMeV aad 7MeV data combined aand Tor the UNeV dat, The mdividiat
tomoers were thed sabtracted 1o give the wtroerin.” That s,

agl I .V.‘-'_’,}/.\'f-:; SAPC, W.h

o WMNTRNTY sapa, y pIve), 1V.2)

where cveters to the nitodetearor, o the abproecton sl to e gth pobar angele, & s the shice nulex, anl ¢ osahe
<th pobar ridhind diserenzation. Fhe approprige subtracinon otV D tonon VoD feaves the mrogran 1p/4 6,4 4.

Furire o shows ishice ob inbreeduaensional reconstruction tront compriter sunnbated cone bein o MeV .

Freare 7 shows the reconstrneton of cobatt oot ganmmaeray dhoacusimg todetectors jund 32 views, The phenaons wiis
aholtow evhimder of S nnm wedh tnekness,

Frgure ¥ shows the reconstietion o the 0 MeV data tom real data rom " Cpoyr | ganuma miys wah Foadetectons
aml 32 views,

Grven the eeontetry ol our systenn, radims ot ihie trmable ot S8 cncinad distance trom scuree o wcatable cemer ol
94 cnn the two dhimensional Cormack alevornbim works qinte well, Some araliacts are poneeable on the vnter
portions nt e tentable amd borzontal sheets sometmes move tvoupeh twn sirices, fmwever these arnbacis e casly
weornr/zed.

VE GRAPHECNS AND ALARMS

KHOROS, joteety distmbared aewee mabvsas, ditacmmatvsas sand 2D230 spaplines sobtwine cnvironimenn wis used
tonnehow s progecr. vhoas disrtuted Oy thie Ulaversoy of New Mevicoo We leae el KHDROS 10 ok
daearty st the absorbence data teestmene e nose fevel ob tie dan, and o vew the jomograptuc iecaastracnons,
Orsead by e sk system wers o besaeatee sl part o the KHOROS phabome Hlowever the mmnened yveemu
seonv e tused Bdeme staipes ot i renons neaerials) did wor work o reat expernments s noded oneeonspater

damabations  Fhas vaanous abum o roanmes congdds Bhewse, not e aatonened,

A ot the womoprraphs raplaes, nodas sand aceotapianvinge papers were done with KHOROS,



Vil CONCLUSIONS

The complete virtaad prototyping ob the entire systenn eventuadly becime victimn to badgetary consiramas, The
techincal issues prompied by the mterfacmg ol all ol the codes, cach developed i isolation, had been vvercome. A
few model cadeulations provided goud benctumarking agamst expernmeatal data, However, certan key issues hive
uot vet heen modeled. Neverthieless, subsystent modeling was sull very aselal me guiding target desiga, detector
design, and conntt requarements vesus aage resohution,

(U does seem appareut, given vur experience 11 thns progect, thar the entre system can be mndeted wid linked
togethier o provide computer expernnents il optinmzanons, thas provabing i fow costalternative o excessive

Liboritory mweasirements, O course, the resabts ol such sumubations eventuatly need o be chiccked agaimst
cxpernnental resils,
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CAPTIONS

Figure 1. The physical processes and codes used to model these
processes in the virtual prototyping.

1o

Figure LAHET model of energy/andle dependence of gamma-ray

production. Each angle bin i3 5 degrees.
Figure 3. Reconstruction from MCHP Jdata.
Figure 4. Reconstruction from RATRACE data. A cross-section

of 0.03 cm**2/y (non-resonant) was required to match
MCNP.

[84]

Figure MCNP simulation of a 3* % 1" BGO monitor detector
with a multiple gamma-ray source trom the composite

target,

i“igyure 6, One slice ot a non-resonant reconstruction trom
computer simulated plata. There are 3 small ob-
jects of doengsity 1.1 and 3 lurge obiecrn of ilensity
0.2 each surrounded hy 2 :mall vylindrical ithell.ds
ot density l.1l.

Migure 7. A 16 detector 16 view reconstrnztion trowm cobalt 60
data ot a rylindrical shell.

Figure 8, A 16 duetector 32 view reconstruction from accelerator
data ot a % mn virtical sheet.



Nature of- Process Code Used

proton beam transport LAHET
proton targat interaction LAHET
gamma ray production LAHET

energy dependence
angle dependence

transport of gamma rays to the

detector MCNP and RATRACE
interaction of gamma rays with
detector MCNP
production of light in the detector GUIDE7
tomographic reconstruction CORMACK
image processing and alarm system KHOROS
LAHET Los Alamos High Energy Transport
MCNP Monte Carlo Ne'itonics Photonics
RATRACE A ray tracing code ro build tomographic data
nIIDEY A CEPN code
(CORMACK A tomographic reconstruction code based

on the Curmack algorithm

EHOROG A public domain image and signal procoessing
code aviailable trom the lhiversity ot New
Maxico
Figue 1o The procosses aul codes gsed o the vittiial proto-

typitd ol the e¥plixtives detection project .,
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