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Abstract

About MCNP: Geometry of Simulation: Verification of Results:

The aim of this work is to create a tool with the ability to simulate parallel-

beam photon transport in two dimensions, creating data similar to that “*Monte-Carlo N-Particle (MCNP) software distributed by Los Alamos National Laboratory. Case 1: Comparison of Single Beam Attenuation with Deterministic Results
produced by operational CT scanners. Data are generated using Monte- “»*Run on command-line along with X-Windowing system for geometry debugging. _ﬁ [ Uj [ ”‘: T — Known Mass attenuation coefficient of Nitrogen = 1639 em2/g Photons at 80 keV Siuosen Sample
Carlo N-Particle (MCNP), a software package distributed by Los Alamos o ) ) o | Beam through 10cm of N2 with density (p) of 1.2506 g/cm3 m
National Laboratory. MCNP provides individual particle tracking and +* Particles undergo “random-walk” non-deterministic process. Average behavior and MCNP simulation gives intensity values of: S =10cm Detector
records aspects of their average behavior, making it ideal for constructing individual particle tracked over time. Generic two- 1=0.0802MeV for un-collided beam and 1=0.0103MeV for attenuated beam.
datasets that represent x-ray scans of an arbitrary geometry. The tool we , , o dimensional
«*Extensive documentation for use and modification to user’s needs. eometr _ -(u/p)pf where 4 is the distance and (u/p) is the mass attenuation coefticient
are developing will provide the user with a base text file which may be & Y I=1se '

, . . _ Image is =
edited to define sample geometry, energy range of the photons, and “*Hardware and software requirements: 40cm x 40em

number of particles. The user is provided with the opportunity to choose
the number of rotation angles for the system, physical aspects of the
particles, as well as format of the output file. Output data can be in units **Installation requires 2.3gB of hard-disk space.
of particles/time, energy/time, total particles, or total energy. Results may
be modified to include the number of collisions that photons undergo

o!url-ng transporjc,.a useful value when scatter is considered. Th|§ base |-nput User In put: p 0 Pack . ;: . .
file is then modified and used to produce a sequence of MCNP input files, rograms 1IN FacCkdge. : .
one for each rotation angle. The program runs each input file, and output Usgr modifies base input file to their n.eeds. Source and de’Fector grometries are pre- _ Modular programs built to provide functions for various needs. User must currently complete | o
files are parsed to build an array of values for each detector over all angles defined. Sample geometry created using MCNP macro-bodies or surface equations. Material ] :

compositions are specified with atomic number, density, and may reference specific nuclear several steps to perform full simulation. . «

Final output includes runtime information and statistical variation of the . . . o _ _
. . L . cross-section tables, allowing any compound to be simulated. . Build_input.cpp — Input arguments are file name and number of rotations. The program takes
tallies, as well as the data mentioned above. Tests with simple geometries

(Wp) = In (I,/T)/pf = In(.0802/.0103)/(10+1.2506) = .1642 g/cm3

Runtime Environment: Two Sun AMD Athlon-based servers running 64-bit Red hat Linux Enterprise Linux 5. Shared lightweight processing units designed for

+»*Distributions for nearly all platforms including Unix, PC, and Mac.

email and user logins. Uptime = Less than One Minute for Relative Error £ .002
Surface = top of cyl

iith radiusr=.15cm

® Case 2: Reconstruction of Data Without Scatter Contribution Using MATLAB iradon() Function
i S Modified to Accommodate Geometry. 180 Degrees of Rotation used for reconstruction but only
one run in MCNP of 1 billion particles. (Each angle has same output because of symmetry.)

** At least 128 megabytes of RAM recommended. W ! _ “'

]

for well-defined materials show that this tool can be used to accuratel ¢ MCNP sample input card these parameters and creates one MCNP nput file for each rotation, each Original object MeVtally from un-collided photons MATLAB reconstruction shows
Y g Slock 1 - Cell Card each with a different coordinate transformation. File name is the name of geometry viewed with Mass attenuation coefficiente.
. . . . 3k 3k 3k 3k %k 3k sk %k %k sk k ok ocC -Ce ar S************************** . . . o . I
simulate data, which can then be used to test reconstruction algorithms. 101 imp:p=0'$ outer void § DO NOT EDIT — _ the base input file which was then modified to define sample geometry. MEHERISHEE
20-1fill=7 imp:p=1$ DO NO; EDIT [ ] = Values Defined by User Runtime Environment: 4 Quad-Core 2.3 gHz processors(AMD Opteron 8356) share between users. Running 64-bit Red hat Linux Enterprise Linux 5
. . . . 200#'11 #3 #7 u=7.imp:p=1 DO NOT EDIT Files Run.sh — Shell script to seaquentiallv submit each input file to MCNP. Uptime = About 50 minutes (for one angle of rotation) for Relative Error = .0010
Applications to Strategic Research Plan: D2l 02050 SIONITEON oo o i
-4 3 imp:p=1u= =1 fill=-55: :00: - - -
ALERT 50(5:-3:4) u=2 imp:p=1$ DO NOT EDIT Parse out.cop - Processes MCNP output files (one MCNP output file is created for each angle Case 3: Reconstruction of Data with Scatter Contribution Using MATLAB iradon() function.
Th L 1S ic A h G(L)u_<5§_4uu=2iap:f?|1|$3D(8 ggT %?g O NOT EDI of revolution). Each file contains thousands of lines of ASCII text. A majority 60 different angles of projection, three materials: water, nitrogen, RDX. Run for each rotation
- 7 LIKE 3 BUT TRCL=1 fill=3 (0 -20.50) $ D T EDIT . ) . ’ . ’ ’ .
ree-Level Strategic Approac 80 -4 3 imp:p=1 u=3 lat=1 fill=-55:55 0:0 0:0 4 110r $ DO NOT EDIT of these lines are results which represent tally info for each detector. stopped at 108 particles
90-8 u=4imp:p=1$ DO NOT EDIT )
Research 1008 u=4 imp:p=15 DO NOT EDIT Future goal is to integrate all functions into a MATLAB © GUI for streamlined use. -
Level 3: Grand Drivers 110 -'17 u=7 imp:p=1 fill=8 —
oo s et eSS v g ) | output:
13 0 -19 20 imp:p=1 u=8 TRCI=2 $ EDIT HERE — Surfaces and Cells definitions for Utput.
14 6 -1.2506 -20 imp:p=1 u=8 Trcl=2 $ EDIT HERE i i i . -
— C End sample geometry $ EDIT HERE c::gtmg g(-;ometryll of simulation Parse _out.cpp creates several arrays which represent scan data. Each array
. . . . 1“’5
ProT ] objects and sample geometry. represents tallies from particles that have undergone a specified number of
p— C #rxxmax*Block 2 - Surface Cards ***xxwxiisi o J collisions. A complete sinogram can be produced by including tallies from all photons
: — 1 rpp -50 50 -50 50 -30 30 S Problem Boundary DO NOT EDIT . L. L. q .
T1: Multimodal 2 rpp-19.98 19.98 20 21 -.5 .5 § Detector & Source Array DO NOT EDIT with any number of collisions. Examining 15t and 2" second scatter can be useful in -
Level 2 Suicide Bomber : Luggage : ith 3 px -.18 $ Individual /detector el t DO NOT EDIT . .- . . . . . _
Enabling et T tures 2Rgcanner 7/ oo 4 px 18 § Individual source/detector element DO NOT EDIT analyzing the ability of reconstruction algorithms to treat noise. Original object Output sinogram. MATLAB reconstruction. Mass attenuation
e — L eometrv viewed with MeV tally from all photons Coefficients are not right in this example.
Te - 15 $ Individual | DO NOT EDIT . . .. ) g y
echnology: G Testbed & Industry 5¢y.155 Individual source element Ta“ units are decided upon in input f||e- With the proper system matrix an accurate
Testbeds Epr;)sives 8rcc0-.2000.400.15 S Individual Detector Element DO NOT EDIT y p p * MCNP plotter. reconstF;ucE:ion Zould be accomplished
Detection/Screening Lo PP 5135 19,5 105 20 20 They make take the form of: particles, MeV, particles/unit time, MeV/unit time
Proof-of-Princiole 19 rpp -13.75 13.75 -13.75 13.75 -13.75 13.75 $ Luggage Surfaces ) ’ ) ’ ) Runtime Environment: 4 Quad-Core 2.3 gHz processors(AMD Opteron 8356) share between users. Running 64-bit Red hat Linux Enterprise Linux 5
Tests of Researrc)h [ goDefinoega?glc()aZusr?::\les beIothflﬂsCIline$ EDI] eRe - Uptime = About 50 hours (50 minutes for each angle) for Relative Error =.0010
rcc - itrogen Cylinder N
MCNP output files provide statistical information for evaluating validity of results 1+\ e
E**************Block3_Data Cards 3k 3k 3k 3k sk 3k 5k sk 3k 5k sk 3k 5k sk 3k 5k sk sk 5k %k %k 5k sk k 3k . . p . p B B .g y Resea rCh to Rea I Itv.
Level 1 MIODE P $ Photon mode — including relative error of each tally, variance and variance of variance, and an MCNP
ggir;:acgne”ta' PHYS 100000 $ Simple physics turned on for over 10MeV specific Figure of Merit. The goal of this research is to provide an easy to use tool for algorithm verification. It proves the ability
A— Crrsssnssssnssssrssssrrsserssserssnersns / . tefined and includ \ Below is a sample MCNP output file. of monte-carlo prograrr.ws-, such as MCNP, to -S|mulate photon transport for. computed tomography. -A
Barriers gDDEf'“esgung 120 coledl veeed -1 0 dire1 eroc 08 Run-time parameters defined and include further tested and modified tool could result in an open source package available to researchers, within
par=2 x=0 y=0 z=0 cel=d1 vec=0 - ir=1 erg=. . . . . . .
C Distribution 1 = Starting positions for source particles — particle type, physics treatment, (. VICNP restates input specifications...) —1 or outside of the educational community. This software would be extremely useful to those researchers
C List all source locations H H ; ; : . . . . . . . .
. _ startine location and direction number of photons banked 13967  average time of (shakes) cutoffs _
State Of Art' S'l'l‘ (6<4['.100]<3<2) (6<4{-200]<3<2) (6<4[-3 0 0]<3<2) & . . ., photon tracks per source particle ~ 1.0001E+00 escape 2.3463E-01 tco 1.0000E+33 Truncated interested in testlng maChIne Independent Inversion teChnlque&
% \/alidation of image formation processing requires either the use of (-..lines omitted...) energy spectrum, tally definition, photon collisions per source particle 3.4647E-01  capture  7.2844E-02  eco 1.0000E-03 R _
. 2 . . [ . (6<4[52 0 0]<3<2) (6<4[53 0 0]<3<2) (6<4[54 0 0]<3<2) d binni f ohot b d total photon collisions 34646932 capture or escape 2.3263E-01 wcl -5.0000E-01 Run-time information .
advanced simulation tools or access to proprietary specifications and (6<4[55 0 0]<3<2) ana binning of photons based on any termination 2.9263E.01  wc2 -2.5000E.01 Testlng and
Ca|lbrat|0n mEthOdS for |ndUStr|a| scanners. gpalnf lgi\llelt?inl alllleftiall zrobability Qumber Of CO”iSionS, J computer time so far in this run  51.27 minutes maximum number ever in bank 2
' ; computer time in mcrun 51.26 minutes bank overflows to backup file 0 o [ .
‘:‘ Cha”engeS' (.lines omitted...) source particles per minute 1.9509E+06 Ve rlflcatlon
) 1 1 1 1 1 1 1 1 1 11111 random numbers generated 608900151
N/ H H Y o o H H most random numbers used was 292 in history 37581576
*¢ Scanner information very difficult to obtain for academic research Crrensrrssnssnssnsre s rsn s ss e of sambled socnce weiahts = 1.00008+00 to 1.0000E+00
¢ Existing simulation codes exist but are very complex requiring Conlon g oaads e N b | e et
. sizL.Ua.Uo.Us.1. . ] surface (8.3<8[-55 0 0]<7<2)
months to learn Csp211211 Coordinate Transform allows rotation user bin 0.00000E-+00 ) Prototype Open source
C 7 20454E.04 0.0010 Values of Surface
¢ Our goal is to provide a user friendly, file based interface to the MCNP  Define tally for MeV (bear intensity) J | y e (6.3<60.55.0 <72 tallies which are Development Product
code designed specifically for generation of data sets for validation of C on surface 8.3 which is top of cylinder ksca” angles. D user bin 1.00000E+00 average behavior
Iuggage Screenlng Image format|0n mEthOdS C Give bins for 0, 1 collisions, cumulative over all bins is default Particles
. o fe . FT1 INC .
“* MCNP uses updated and experimentally verified cross section data for FULO 1 - surface (8.3<61-55 0 0<7<2) - /
. . . ' . _ (...lines omitted...) ] O | |Ca |OnS
’:‘ Comparlson Of results Wlth known ValueS ShOW that phyS|CS treatment ?lele(f)lgeociogcz)lréatf;’rgr&sio;n;al'jl;r;sfor cell definition of detector array estimated asymmetric confidence interval(1,2,3 sigma): 7.1974E-04 to 7.2125E-04, 7.1898E-04 to ) Refe re n CeS .
1 B B 7.2201E-04; 7.1823E-04 to 7.2276E-04 .
IS accurate. *TR20008-82909889090900 1 ~ ™ estimated symmetric confidence interval(1,2,3 sigma): 7.1974E-04 to 7.2125E-04; 7.1898E-04 to
’0‘ Ad Rz Th h h d I f . c M t . I b I k 7.2201E-04; 7.1823E-04 to 7.2276E-04
. vances rUSt area t roug eVQ Opment OoT reconstruction C************************************ alerials can b€ any ne&arly any known normed average tally per history = 7.20494E-04 unnormed average tally per history = 7.20494E-04 [1] X_S Monte Ca rIO Team ”MCNP - A General Monte Carlo N_Pa I’tIC|e Transport
methods to optimize the entire detection system. EXZIEI.'Z‘.' Si;‘fafjgf\'tc'gﬁ fc‘:rjjggove compound or element. Specified with es;“iT_ated ta//}'relaﬁve error =ggg§g esfir;v_ated var}ance of the variance = ggggg 4 . | ’ _ 1 Th ) I _ Lab
. .. relative error jrom zero tallies = U. relative error jrom nonzero scores = 0. .
< Deterministic methods fail to simulate inconsistencies such as (scatter, SO _atomic number and mass composition. bitory nember of argeet tally 83 largest unnormalized htory ol < 8.00000F 02 ~oce, Version >, Volume I: Qverview and Theory,” tos Alamos National Laboratory,
partlal volume EffeCt, beam hardenlng)' C Nitrogen i (largest tally)/(average tally) = 1.110356+02  (largest tally)/(avg nonzero tally)= 1.00000E+00 C id 2009.
C Density = 1.2506 g/cm3 (confidence interval shift)/mean = 0.0000 shifted confidence interval center = 7.20494E-04 MCNP provides
M6 7914'00674 1 _ - if the largest history score sampled so far were to occur on the next history, the tfc bin quantities would statistical analysi S
EPDSeflln; problem cutoff as number of particles = 1 billion ( Relative error decreases chan_ge asfol/owsz' | of results )
e . . estimated quantities value at nps value at nps+1 value(nps+1)/value(nps)-1. : AC n OW e ge m e n tS
LWIth number of particles run. mean 7.20494E-04 7.20495E-04 0.000001 -
relative error 1.04897E-03 1.04897E-03 -0.000001
variance of the variance .08044E-06 1.08044E-06 -0.000001
shifted center 7.20494E-04 7.20494E-04 0.000000 : : :
Siure of mert OErod 1 7a00Es0s 0000001 This material is based upon work supported by the U.S. Department
(-lines omitted.. of Homeland Security under Award Number 2008-ST-061-ED00O1.
— The views and conclusions contained in this document are those of

the authors and should not be interpreted as necessarily representing
the official policies, either expressed or implied, of the U.S.
Department of Homeland Security.



