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While many pattern recognition systems can perform identification given sufficient and
20 refined data in a laboratory environment, the ability to perform in a complex
environment with a wide variety of spectral interferences is a challenge. Examples of
the current problems are the detection, identification and verification of radiological
materials present in cargo and the ability to differentiate between the normally
occurring radiological materials (NORM) that are present, including the cargo on the
25 manifest and hazardous or illegal radiological cargo. Another example is the ability to
detect and identify biological threats such as where a minute trace amount could be
deadly.
Therefore a need exists to overcome the problems with the prior art as
discussed above.
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Summary of the Invention
To achieve rapid and highly accurate analysis of spectral data, both a linear

scanning (LINSCAN) method and an advanced peak detection method for pattern
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30  or quantification of chemical, biological, radiological, nuclear and explosive materials

are derived from a complex combination of target materials {members of a list of

materials deemed interesting,) background noise of unknown origin, and other

materials not on a list of interesting materials.



10ot her) m ght indicate. Accordi ng to anot her enbodi nent- of
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15  of chemicals known 1o be used to weaponize anthrax could differentiate a hazardous
material. Another example is the detection of alpha radiation and neutron radiation to
provide additional discrimination if and when the identity of materials is not resolved
by gamma ray spectrum.

Another embodiment of the invention accomplishes the detection and

20 identification of the target material very rapidly and with affordable computers, ASICs,
DSPs, or the like.

Another embeodiment of the invention provides a user control over tradeoffs
between false positive rate and false negative rate.

25 Brief Description of the Drawings
FIG. 1 provides an illustration of a complex spectrum for isotope detection and
identification.
FIG. 2 provides a flow diagram describing a set of processes for use with a
LINSCAN method of pattern recognition that is illustrated by analyzing isotope spectra
30 asanexample.
FIG. 3 provides a flow diagram illustrating an example of a learning process for
the LINSCAN method of pattern recognition, using isotope spectra in the example.



Wil e the specification concludes with clains defining the features
of the invention that are regarded as novel, it is believed that the
i nventi on widdooda@edeet t er 10 understood from a consi der apaPs2088/d5083
foll owi ng description in conjunction with the drawing figures, in
which like reference nunerals are carried forward. It is to be

under stood that the disclosed enbodi ngnts are nerely exenplary of the
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specific functi FR%I det%j | s f(lﬁ sc) osed,lherei n are not tP be
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The use of these pattern recognition methods also can include methods for
autocorrelation and cross-correlation of spectra. The spectra used should represent
the target materials and the expected background (white and colored).

In the LINSCAN method, those spectra themselves (preferably including the

30 expected white and colored noise spectra) are simply vectors of nonnegative numbers
{one for each spectral bin measured) — in some hyperspace. Those vectors can be
readily orthonormalized. That is, a new pseudospectrum (with real — positive or
negative} values for each bin for each material and both types of background can be



detection and identification of radiological isotopes, to explain .
various aspects of the invention. Wile the exanples belowillustrate

met hods us®e heyeshdae detection, identification, and quagipfidieilospas Of
radi ol ogi cal nmaterials, these sanme principles coul d al so be appl i ed

to chem cal, biological, acoustic, nuclear and expl osives detection,

15 and any ot her situati on in whi ch targets are to be detected using
spectra. Referring to FIG 1, a schenmatic representation of a

field environment for Isotope Identification is illustrated as
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The collected spectrum is a sum of physical processes which need to be

accounted for in order to deduce the Target Isotopes 107 that may be present. These

25 physical processes include Background 103 Radiation such gamma radiation that
would occur in the absence of targets. Gamma rays come from non-target material
(sometimes even of the same material as the target) present somewhere. Most of the
background comes from nearby material but some can come from space. The
background is spatially and temporally variable.

30 The Target Isotopes 107 randomly decay at a rate governed by a Poisson
probability distribution and emit a number of gamma ray photons at predictable
energies and probabilities. Also produced in the process are gamma rays scattered
by electrons into lower energies — the Compton scattered radiation 109. We assume



10 what target materials are present in what abundance while

I gnoring, or at |east overcom ng, the other contributions.

Conpl i cat i wo %hewdsods: There are several other conpli catpd@udadiiod=s3

i ncluding these: Unpredictability of the Conpton scattering
pattern. Experinentally, the Conpton scattering energy pattern varies
with the setup details, the physical }benvironnment, etc. This is

| nportant, because it can masquerade as signal from other isotopes.
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effect 25that can produce different results for the sane | nput.
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process used for .thﬁ}epz%lt%t ern .F)eco nition systemto acquire spectra
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of sanpl es nor eothdentivpesabl e and | ess random as saved as the Feature
Set 305.

+ Nonlinear detector response. The easy and often-accurate assumption is that
the measured data result from a simple sum of the contributions from all
isotopes and all of the other signal sources. If the count rate at some detector

20 is high enough, there can be two detected photons in the integration time
causing it to register a photon of twice the energy. Less frequently, it leads to
three times the energy. The shot noise is signal dependent. There may well
be other nonlinearities associated with the electronics. The electronics
converting signals to apparent gamma ray energy are noisy — another effect

25 that can produce different results for the same input.

One embodiment of the present invention provides multiple software analysis
methods to use the information from the complex spectra to detect, identify, and
guantify target chemical, biclogical, radiation, nuclear and explosive materials,
acoustic, and other spectra.

30

LINSCAN Method
FIG. 3 describes a learning process used for the pattern recognition system to

acquire spectra from a known source to establish a comparative database for



Each of these sanples in the feature set are cross correlated 303
with all the other sanples to produce a relational matrix of

correl ati ogotligfosbsgnti fies simlarities. MtriXx inversiofy d@@&m@ﬁ@
this matrix mnimzes the effects of those simlarities an
gquantifies the sumof all identifying features to be a value of 1.
This inverse matrix is then saved in the LI NSCAN dat abase 308 as the
feature filter 306. Thresholds for each pattern are set in the
originating database to allow user control of the sensitivity of
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the overall process and conponents of Spectral analysis as perforned
by LI NSGAN lrafing: pagelp| teoqrpweaa spleeh yaipRicH more identitiable e lepssieénders s

in 20 Fl Ggalepadine®oatpelsbesds. the data is preprocessed and
normal i zed by the followi ng nethods. If the information is avail abl e,

background subt Eagh pidieshaamalesin thedaaties $ai AR 67058 CREPIBIEIRISaVIEalbtie

in the ana'%r%anﬁ%%@bkﬂlﬁe%‘l@ét%ﬁhﬂ @8trid A cofrelBfsieiHat Mlentifesdsitifdfes.
estimation of the non- bac\l%round content.  of the signal. There are

several wa t’i"i)”B’Srst"?ﬂ 304 uth@a?ﬂa%a@lﬂr@'z?fhéh% Blieqty @intngse; Hwilaies s

of the fipar gghintdles thd&@h of amdeaﬁfy@gtféamreg |t@5@ at\@tldehﬂ 1aﬁﬂ+1yﬁ1v§rsblnﬁ%>a@d
scale the integration ti subtract.

If there i dNeD Fo¥RE PithR L@Q%P@M@P%f ﬁﬁg @ﬁﬁ@%ﬁ%ursé@ﬁ@ P%nér hygshelds, ig5e
Cr 0SS- COr r glagh pdttevm tabe E&En m@wmmg Riagbased AlodelRf dbitel \Mlﬂfié SoRbiENHy

505 e ori o dagminBaRhTr IRBRs iethBud Het Sbrtke BRETHS JHNSRAN dhlbaft 2

it to mskmr@haldssbrom weak sources and may be m si dent|f| ed as one
or nore .ot her i ppr.oach | t o use
enphasi Pes shar g%pfg |Z§S§ardlg L&°%% n@ryo%s@ﬁc&%ﬁgo G?H%Plét %{}eeOF,«H;W§
ways to do cf tHese istepk weld nigat durttea apalpsis kamge pdiffriredeni thatoutpots. This patent
convolutio d_ed 2008/ 089304PCT/ U82008/ 051263 - 8-

IR 5B e ey HRdohe

enhancenent”, B& valuable to snooth the
spectrum sl i ght Fasbetaodd ndm'traty thépgerall process araindommpodents of sgeetralngalysis

| uti j , .
oo~ ot ¢ gERbMHES) GRSGAN. DR Sflecullh b SHEGREF 8T, o138 Il descripes n
filter<0calRd@! atanonrelebd texgcteem%/;s prepecdsseg anl complizad bpniad following
har dwar e C%&lﬁoo‘c‘}andlf ﬁ%&rﬁhﬂ&ﬁ’i &Jhﬁaﬂgf ?zhéka diRf %Hré&ﬂ asrﬂ?ulbrbee sed to
scaling factor save r ma |za5t| onis e Teast rhportant  of t'ﬁe
pr epr ocessiremyicst b@nﬁgrqund i Boigm12p4uiwethel ahdlyﬁi?;.xeﬂamrcnmdoﬁebteactlwn§0ar s

used and ungeeded, aﬁ;&:{bj é(stiprla(ﬂ@ﬁ io{'@le%%h %cﬁg@@? t%’f ﬁ}e@e&% There are

sinple way to normalTze 1s to set the hi ueln ectrum
to one (or sewarel waNsde detthindaiod carl meyismdﬂesmp@um in the absence of the target

25  under test at a time close to the analysis time and scale the integration times of each
sample, if need be, and subtract. If there is a long time estimate of the expected
background it can be cross-correlated with the measured spectrum to determine what
weight to assign to the background.

Minimization of Compton Scattering noise 205 is critical, because the noise can

30 be broad and high causing it to mask signals from weak sources and may be
misidentified as one or more other isotopes. Qur approach is to use some method
that emphasizes sharp peaks and deemphasizes broad shapes. There are many ways
to do this including unsharp masking, differentiation, convolution based edge



10all the other values by the sanme factor. When t hese things
are done, we have the first corrected spectrum 203 which will be

refered towgSosnshdsl- V€ now seek to approxi mate the fopdp@osalsihs =
li(E) + V\/212(E) + + WWE) + woC(E). Here 15wk is the weight of

i sotope Ik Ik(E) is the energy spectrumof 1k WE) = 1 stands for the
white noise C(E) is the expected specigrum of the col ored noise. W
can use Gram Schmdt [e.g. Walter Hof fmann, "Iterative Al gori t hnmen
kir die 20 Gi:am] Schm dt-Othogonalisierung,” Conputing 41, 335=348
(2005)] or SnhaNGaRand-ang shigyth] may, alen gevakiabledadmaotirthensaesiiey  slightly

"1 nproved id Qn i
pt. 8, 23?5%(}%92]9 ? Fﬁ'grtﬁ%ﬁ%%ﬁgg@ﬁgﬁﬁ@%@wmtﬁé Rical MBRology,

function (N4ferepeenOt Havssians (B()oetacks) reducy thp afgels oépmgll saneiafeyasiations
WL. In thi Ryt caanaffain a first estimte of the wei ghts for

each conponent 25 and the two types of noise. I's sonetines
sufficiént to stfdsceasapmdspansing on sePyiatanal aarewater@stqqfn%wsmats #gn

be done.  data is\WriBaiikedsRdithe s@éﬁﬂg%&& SHeE! f\@rrﬁél&aﬁ’dmlstth@lé’aﬂ iﬁtﬂoﬁhﬁtd
wei ghts 206 to create an indicated spectrumSl(E). can

cal cul ate &h 1% PHPrRGFasing %%O@(‘E)Onj-’/ el f'xedSP?'Et) QDeretens are lised and
2008/ 0893041i6dédda2PORY PodifBooiR-operations are used. A simple way to normalize is to

set the highest value in the spectrum to one (or some other standard value) and scale
10  all the other values by the same factor.
When these things are done, we have the first corrected spectrum 203 which
will be refered to as Sy (E). We now seek to approximate the formula
Si{E) = W1l1(E) + Wala(E) + ... + WyW(E) + WcC(E).

Here
15 wi is the weight of isotope I
Ii{E) is the energy spectrum of I
W(E) = 1 stands for the white noise
C(E) is the expected spectrum of the eolored noise.

We can use Gram-Schmidt [e.g. Walter Hoffmann, “lterative Algorithmen flir die
20 Gram-] Schmidi-Orthogonalisierung,” Computing 41, 335=348 (2005)] or Caulfield-
Maloney [H. J. Caulfield and W. T. Maloney, "Improved Discrimination in_Optical
Character Receognition,” Appl. Opt. 8, 2354 (1969)] orthonormalization. Either will

produce a function ¢;(E) such that the sum of ¢,(E) S;(E) over al E channels is w;.
In this way, we can obtain a first estimate of the weights for each component
25 and the two types of noise.
It is sometimes sufficient to stop at this point, but there are other things that can
be done.
We can use the expected spectra 214 and the calculated weights 206 to create
an indicated spectrum S\(E). We can then calculate an error spectrum
30 g(E) = S4(E) - S|(E).



I deally e(E) should zero nmean white noise. Any substantial deviation
indicates a significant error, such as the appearance of an isotope

not in ourw Hisnsesos V€ can al so use the indicated Wep@h{iobshsi2e63
determne if any isotope has enough strength to be liable to cause

m st akes due to nonlinear detection 207 and noise 5 effects. If
nonlinearity is indicated, we subtracig the spectra expected with the
indicated weights in view of the nonlinearity (data determ ne
enpirically and econfigured). The resulting signal is the second
corrected spect lfgﬁH!Qﬂg) shiavdet zesp sranovhite aisehény sidstantizlyderdtionsindishisse
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results ca e i i QWS 0
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as fol | ows:Preqosfigwed). a E%&&Uﬁmaﬁw%@mea%@coaﬁ @gectﬁdtmactm@ﬁoﬁhat

cont ent ba%?gctﬂjhbmth@ﬁ%g{ngwggd gEpsHfecd just before the sample is
inserted into the neasurenent apparatus or over tinme with a dynamc

average to prodle@ ramaAB{Rdsiektis den determisovhan |to grpRT dk8 PRssEes Hépome

i nt rodueed i@iodd) Sahip®nssd Mdgbe hﬁleﬁ@t%hf%nzeﬁ%@ht%ﬂ&eﬂ?|sB{dpbeFf we
402 to this spectrumto maxim ze the signal for analysis such t he

filter bel &Rt NSHEBPHNGAShOIG Al 2880 o éESQW%@HWT HE'E!l I velyey we will Pave 100

Di f ferenti ahghybrisendidrivial mlnrtﬁe totH%r K4, |€Wetsléﬁﬂﬁeftﬂl‘é§h8[}d t6o AlM, tHaY.LS il
25Fourier transformng t at@gro uct. Then take e absol ute val ue.

This is vmé’la"%o%ﬁlar"ygﬁée SBeRIYPEINT U@eo“f@ﬁ?ﬁ%ﬁ%tmﬁ% tye jugdesirais) riegults

Gram Schmi ddan Rt dvpetolled in vaBBEs el Rhown Wags that @fd Abtahefsdiss WetdubjeBEof
feature set 413. This identifies simlarities between the neasured

spect r U af¥SPRELr ai ned 30spectra. Correlation vector is multiplied
406 by the rra@ﬂnpfeﬂé&atl efrolfimeners adkdiionlst ch renoves overl appi ng

simlarities w the traini ectra and WO
2008/ 089304PCT/ bg%g p@g@man(}q gubtr%ct an estimated background content based on the
background measured just before the sample is inserted into the measurement
apparatus or over time with a dynamic average to produce a new spectrum 401
20 of all physical processes infroduced at the time a target is acquired,
* Apply a noise filter 402 to this spectrum to maximize the signal for analysis
such as the filter below
o Smoeoth with a three-wide window median filter
o Differentiate by mulliplying the Fourier transform by E and inverse
25 Fourier transforming that product. Then take the absolute value. This is
what we call the spectrum S¢(E)
* Compute the weights using Gram-Schmidt method
o Spectrum is cross-correlated 405 with the feature set 413. This
identifies similarities between the measured spectrum and the trained
30 spectra.
o Correlation vector is multiplied 406 by the matrix Feature Filter 411
which removes overlapping similarities within the training spectra and



-10- scales the sumof identifying differences to a set of weights
relative to actual neasured quantities of each. Zero the quantity
measur emeniye dobwisoie bel ow a configured threshold 409 periREodRll s
the calculated quantities to the feature set to build an estimted
5spectrum of identified materials and subtract 407 the estimate from
the Filtered spectrumthat is being ay@lyzed. The residual of the
previous calculation is auto-correlated or sone other nethod to

estimate the |ikelihood that an additional signal is present 408. 10
Advanced Peak Det ectSC8lgSNBR s of identifyingrgiferanermioed Sticefioveighte celatie to

(APD) method is usedhchll mea¥@bd Qhint@ibs 8fdichcati ons that have both
conpl ex and distinct peaks for material detection, identification and
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byba spli nespedstlrum Im)ysand Frreﬁamiee mtenp?@‘d%&abmmeahdgﬂmt lg_hglfﬁefsﬁectrﬁm
subsequent anal ysi s once af ore tione al i bration has
oo dono. MRy SEERRY 10 TEGuld Tefldth deRbiargn  ul uih et o tiRton
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Che fach ¢ HETeYRBMTDL (URFLS LolPggaiaeee PR RRo o et bicd
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calibration, con s nore 1 nmp 9 han” exact descri pthon A
any cas®. Sorrwspmdadotm t%msaofcaai!dmteanesergpeThax Eaumlsaalecufr eaerghesnis
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h
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present and IS va ein ettl ng esho ect
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30 to a smocth curve (e.g. by a spline or a DOG) and resample at predetermined

energies for subsequent analysis. Second, once the afore mentioned calibration has
been done, it is important to ascertain the precise peak energy of any signal for
purposes of identification and quantification.



The first step in our preferred approach is to find sone approxi mate
fits. This can be done by convolution or correlation (fully identical
oper at i onswhoesiabspgl ans) 15 with Gaussi ans of differengcq&Ssy@lidess
e.g. one each for low, nedium and high energy ranges. %ese can be
threshol ded to give possible starting fits - one for each real peak.
Those Gaussians will be less than optjyml fits, but the fits can be
i nproved by iterative nethods. 20 Alternative Pattern Recognition

Met hod Here we describe one sinple iterative inprovenent al gorithm -
a variant of grabe daek jsumgde tmore difficyNe by dlye Mackitbal hef syglanes enerayr paint
to be opti I SR f n@@m

val ues §( E;pré:é 3 fgﬁégg? (@? %idém pre gﬁ%r%'re&?e%ﬁ%nﬁ%%%‘?@?ﬁﬁ{b? |y gvar ®
the initialWi-gamme seengaakiheisina fied aune 1948i @e@éﬁe e gepenpg curves
eval ual e a rage/fhiis Yiusbs RS AUSKARS chnrdMinfiikoReriio 8ldocBPihat oy alp 15

wel |, whether that Gaussi an GA,m, or sone later 1mproved esti
GKA, m 0.5 AtGaugeingyn shape. h%’ﬁ@”ﬁ@”@"& thak AERRASS (P IPe=apmreNimatelgk AOTFRCA FOF

(Ei). 30Theamtahd cbhﬁstaﬁuﬁé%r@f.mbm tittnf &RLCHERS BeRBpfoHEh dhy Cc’é@eb§o we
called Sand is the quantity we seek to m ni m ze. ternatlve y, we

could cal camw W3fea SFRySsiap Ghart- oA iGsvseian CHive then hag thpe daeameters: A (a
S(Ei ) KA, Mpg F)a ngoagag%ae/ mB&hMﬁédaﬂmép%\gYQﬁ tﬂetéyn;b% bhe o \IQ standard

2008/ 089304P 0512 result as mni m zing t

sum of t he deyiaheraslt dF otthat varies dresredically Wit endrpyign isthicopeakwalugi useiis éor
m ni m zigng ; nﬁ]#lﬁl{l F
(for fi gg)lr]r éﬁ%ﬁv%ﬂ@%@sﬁﬁ%%sgésie ﬁ]@ﬁ&ﬁésefsheaa eto* Eia)ééérrﬁg? Eﬁisle&%ﬂndl '°
and o that valupbledpi sgiling Hﬁbeahn1§3|f@w\é@ttectpmsgndaireﬂoaanméhe (Mgimem Ampunt of
al ways F 0. )qiehdi y& HSe cross correlation, we should subtract tw ce
the cross correlation fromthe sumof the autocorrelations to give a
figure of meritThthBsksipalineur RreEIiaeyaPPIESH i3 Pefingrapmbaprion@ar fits. fhis
fit were pehf ekt done b¥1 convquT'aﬁ‘ o HofrbBliord '(ﬁjllygidgﬁﬁca@'agér'&'téﬁsa*or'_Géﬁﬁsﬁﬁé}
call Fo. W want to e paraneters rive as close to
possi bl18. éth Grushare of d ereﬁb@wal@@$, SEtoneEagh hurdaw emedidds ang higb resergy

varies linegidok thide 8ld b HBERAATEEISE Bossible starting fits — one for each real

peak. Those Gaussians will be less than optimal fits, but the fits can be improved by
iterative methods.

20 Alternative Pattern Becognition Method

Here we describe one simple iterative improvement algorithm — a variant of gradient
pursuit.
We begin with a figure of merit to be optimized. The least squares difference

between the sample values S(E;)) for a set of some pre-agreed number of points
25 around the initially-indicated peak. Call that the basis set B. We can evaluate a

Gaussian with parameters A, m, and ¢ at all points in B as well, whether that

Gaussian be G% m or some later improved estimate G*ame. At energy E;, there is a

difference

dik = S(Ei) - G*am, (E).

30 The sum of the squares of those differences over B can be called S and is the
quantity we seek to minimize. Alternatively, we could calculate the cross correlation
CC that is the product S(E)G*ame (Ei) summed over B. Maximizing CC obtains the



Each paraneter should contribute a change -F/3 to the new val ue. So
how much should we change A, say, to change F by -F/3? W want the

change in vot20088o30 such that 15(aF/ dA) AA = -F/ 3 or ARtius2008/051263
Unfortunately, we do not know the partial derivatives, so we nake a

smal | perturbation such as 208A = A/ 100 and see what change 8F
results. W then use AA = -F8A/ 38F oy (AA) = -AF/[300(8F)].

25Sim [ ar approaches to changing the other two paraneters are al so
made. Appl yi ng those three changes in paraneters simultaneously
| eads to a i¢RACTARSEY a3F VRIRIAIZNG die VedTu Of ofe FSAuRiess Qiatﬁeb@ffer@m@«eﬁpr

in the samyERANSI we discuss mlﬁlzﬁfgC{%%ﬁmCd?@3&15}88%‘@@%&3 5‘21”@1 Q% Wl

condition is met. For | nstance It after four
we might stcal F\M%rﬁlngfurﬂ?fﬁb\mh%we S@Elﬁ @b@ﬁgﬁélnyt@uoagar@p@rs A, m, and g that

ELSh 25 ?ag‘; L ogﬁ:clgl%l sot ope | % \tsﬂﬂa &ﬁ?t{egﬂn&t h”a%ey | bjgn?:o?i/: ﬁgt ons
featurebin the (€alelusetasobsdanriglation.ave WO URDOSHEBOBIEROT /CLIB2 @08 LABARBAM
the sum of the autocorrelations to give a figure of merit whose value is always positive
and would be 0 if the fit were perfect.
The initial fit gives an initial F we can call Fo. We want to change the
parameters to drive F as close to 0 as possible. Let us make two incorrect but
10  convenient assumptions:
F varies linearly with all three parameters.
Each parameter should contribute a change -F/3 to the new value.
So how much should we change A, say, to change F by —F/3? We want the change in
A to be AA such that
15 (dF/0A) AA = -F/3
or
AA = -F/[3(0F/0A))].

Unfortunately, we do not know the partial derivatives, so we make a small perturbation
such as
20 6A = A/100
and see what change 8F results. We then use
AA = -F38A/ 36F
or
(AA) = -AF/[300(5F)].

25 Similar approaches to changing the other two parameters are also made.
Applying those three changes in parameters simultaneously leads to a new
Gaussian with a new value of F. This can be improved in the same manner.
This process continues until some stopping condition is met. For instance, we
might quit after four rounds. Or, we might stop when the improvement effectively
30 stops.
In FIG. 8, a process for peak detection is illustrated. In applications such as
radiological isotope identification the key identifying feature in the collected data is a



-13- peak located in the data whose centroid is directly related to
the original energy, wavel ength, or other such value emtted or

absor bed byotdoesggedogri al . Due to noise or natural vari agd9Roissiie
envi ronnment or el ectronics, these peaks can have varyi ng shapes and

resol ution, and the exact value of the source is obscured. Al so as

the 5 collection nethod may be frequepgy distributions or absorption
val ues, there are random deviations in the intensity values rel ated
to collection timacg_eriod or the random nature of the material being
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Each peak is then tested for confidence by using the properties of the collection
method, such as Poisson statistics for gamma radiation. It is calculated how
prominent the peak is above a baseline intensity, background intensity, and

25 overlapping peaks intensity compared to the random deviations that can be expected
from Poisson random probability. A threshold governs how strict the system is about
confidence to balance faise positives and false negatives to a value acceptable to the
user.

Each verified peak is cross examined against a list of known materials by

30  proximity to source value and confidence in measurement to identify possible sources,
and then each possible source computed a confidence value that can be controlied by
threshold to balance the false positives and false negatives to acceptable frequency.
ff anything results in a confident but unidentifiable peak a generic material is added to



-14- the identified analysis results whose strength is the total
intensity of all unidentifiable sources. It should be noted

that the diyecMeHisedas of the enbodi nents of the inventi ofrgaidRS1263
applicable to any information processing system for exanple, such as

a personal 5conputer, a workstation, or the like. An

i nformati on processing system for exaqple, includes a conputer. The
conputer has a processor that is conmunicatively connected to a nai n
menory (e. vol atile nmenory non-vol atile storage interface,
term nal |?I|E‘%M@alif@d Hysis rﬁéw wkosaordr@nam i e imea @te%rtgﬁtaé#ﬂdaatlflable
i nt er connecpgrcbese system conponents. The non- 10 vol atile storage
interface is used to connect mass storage devices, such as a data

storage device 1&NPYi@ beRPISOTAR! B dispyrsions oh hespatodiments akibg invesiiofgean
devi ce can Uef‘aéﬂ/jcl)é%le fooanyemmRbRON Frobdashigl YStemMdrdxarmpie, BEcrHasd pb%onal

store data an rogramto and r ead data and/ or programfroma
or DVD o fPBIPHIF o WREBRHOT & fNS{€ shown). The main menory, in one

enbodi ment, opt panafotriationChredssirigh sy teHpisk %rxaﬁqéleprrﬂmc%@a I&él‘hblﬁ%?' Ofhe
t hat i npl ement thgﬂnew met hod
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An operating system, according to an embodiment, can be included in the main

20 memory and can be a suitable multitasking operating system such as the Linux, UNIX,
Windows XP, and Windows Server operating system. Various embodiments of the
present invention can use any other suitable operating system, or kernel, or other
suitable control software. Some embodiments of the present invention utilize
architectures, such as an object oriented framework mechanism, that allows

25 instructions of the components of operating system (not shown) to be executed on any
processor located within the informaticn processing system. The network adapter
hardware is used 0 provide an interface to any communication neiwork. For
example, an Ethernet network can be used to communicate via TCP/IP
communications. As another example, a wide area network, such as the internet, can

30 be coupled to the network adapter hardware to allow communications via the internet.
While various embodiments of the present invention are described in the

context of a fully functional computer system, those skilled in the art will appreciate

that certain embodiments are capable of being stored and/or distributed as a program



30 be coupled to the network adapter hardware to all ow communi cati ons
via the internet. While various enbodi nents of the present invention
are descriWwedobsnsddeg context of a fully functional conprt©sSHETET
those skilled in the art will appreciate that certain enbodi nents are
capabl e of being stored and/or distributed as a program WO

2008/ 089304PCT/ US2008/ 051263 -15- pragkict via a conputer readable

medi um such as any one or nore of the following: a floppy disk, a CD
ROM a DVD, a suitable nenory device, a non-volatile nmenory device,
any form ofP"PEEbYIgAFAERWRIrgdable MpEURnFUthAseanyfong| B Aqresf e following: a

transm ssi QRpPEeRRNASTD KoMt DM, SRARAHIE tncphtP GeiBat & nBh-vbRGle memory
i nvention have been di scl osed, those having ordinary skill in the art

wi || under SE¥ike BRATOEHShiROabIE Fedita RS Yid AKdYRS QF (18 OBIRHEMISTISHOP
wi t hout depaédnapigmfromthe spirit and scope of the invention. The
scope of_ the inyention is _not to be restricted, therefore, to the
epeci f1 G enbodi TMRUSR SAeAITIEETRROCITRTLS 2bd'a KMENIoReNaYS, RERIHISEPsRtmnose
cover any aadingl drddaghskiDapmd aatwibnhderstid ineBtharites GMObe QR RIS
within the scoge of the E%eﬁenﬁ nvent i on. What_|s<fla|ned is:. -16-
CLAI M5 1. SREPUHSIPAFMeaiWRIQUL ARTRQiTodh iif ARSI ReaRe PInbe invantighs
for an infameattape pf Qﬂ@Si]?iJMi]E)ﬁyiSt Aot td e s@étﬁc@@d,eyﬁemgﬁeuqb! tgn@s spefcific
conpri sing: b5a sequence of softwgre operations, desi gned to ident
o quant A RRRTeS s £ BRe BacPEBbanit BEMPar Ry 41g al tden
obser veld ersppipatismes cinodificativhey antihembedimense withial thdestope of the present
invention.

What is claimed is:



a preprocessing step that renoves noise and mnimzes the effects of
Conmpton scattering; 10followed by a fit of a resulting
spectrumderived signal as a linear s of contributions froma
prescribed set of isotopes and expeci noi se spectra; and

foll owed by an analysis of weights determined by a fit to determ ne
whet her an isotope should be reportegaqghet her there may be need
for one nore stage in which effects fromvery high radiation | evels
are reduced and 15m stakes that nonlinearity can cause are mti gated.

2. The cpnputgr_readabl e nedium.of claim1l erein a backgroun .
subt r actFon. orRERgeadRRTeuam Erricid sl oheleitiin e 88 tiiopgation
to a tirgrotakdng bPstahk ehd seit@ar mBlrustidl &smpBaiRyr ements. 20 3. The
comput er readabl e nedium of claim1, wherein a background subtraction

nor nBl i zes a ariggienagofFofwase operalpnsasigned taddentdl mgdtquantify the

<1 gnai - ghicEsig PEledEhe BERRsJ Bt REGH A EFPRY bt viersite

1, wher edegguencenmiigdesicattering mtigation process is inplenented by
differentiation of the observed energy spectrum 5. The conputer
readabl e medi um of@ BIeprasassinghelepithabretymasoipise and aninimgzes the effects of

mtigation i g4 ..y differentiation of the observed energy
ColR AR

spectrum f ol | owe hg at | east one of an absolute value of a

di fflérenti at ed si Jokddwedya fitwic resoltiol spechbapdeatived/signal af adinear sum of
-17- 6. .The conputer reagabl e nedi ym of

differentiated signal . i

claim1, wher® "gﬂ@@ﬁﬂ%ﬂ aRIEPEIIRehIPLRTISYAPPD AN SXPREIES RN aPestra; and

appl yi ng unsharp i t t

modi m of 1 m 1 ORped by e RS 6F bislints AetcTRECPOPH o bERRNE

i npl enent ed byheatper gn igptops Bbeyld esicpedet @andnehetbse thezd nemebgyeed for one
more stage in which effects from very high radiation levels are reduced and

15 mistakes that nonlinearity can cause are mitigated.

2. The computer readable medium of claim 1, wherein a background subtraction
normalizes a magnitude of subtracted spectrum according to a time taken to make a
signal-plus-noise measurements.

20
3. The computer readable medium of claim 1, wherein a background subtraction
normalizes a magnitude of subtracted spectrum according to a cross-correlation

between a noise spectrum and a measured signal-plus-noise spectrum.

25 4. The computer readable medium of claim 1, wherein a Compton scattering

mitigation process is implemented by differentiation of the observed energy spectrum.

5. The computer readable medium of claim 1, wherein a Compton scattering
mitigation is implemented by differentiation of the observed energy spectrum followed
30 by taking at least one of an absolute value of a differentiated signal and a function of

an absolute value of a differentiated signal.



spectrum 8. The conputer readable nediumof claiml1l, wherein a
Conpton scattering mtigation is inplenented by applying unsharp
masking to the observed energy 10 spgﬁ_rum and taking at |east one of
an absol ute val ue of an unsharp maski hg signal and the square of an
absol ute val ue of an unsharp maski ng signal. 9. The conputer

readabl e medi g @6m%hﬁér%édal¥l€@ﬁ&!|0nﬁo@£‘iﬁ{ PwRERTH QVG&EptBntécgﬂtfe'nﬁQ
is inplenmented by applying convolution with an edge enhanci ng ker nel

such 15 raitigaetien Svivapler@nird by applyingolnshare anaskéngte hespactiem. 10. The
conput er readabl e nedium of claim11, wherein a Conpton scattering
mtigation is inplemented by applying snoothing before enhancing

sharp |imnes. PtEdorhbatete8RMAISE niHdabdiec AR Whéfeis baldmpion d2tesing
t he snoot hi ng is done by convolution. 12. The computer readabl e medium

of cPai Mitigationés @mem%t%dﬁbaﬁplwg wnshsrie Ni3sking taethetohsesvast enerigl
order fi %Fr’uﬂg and nedian filtering. 25 13. The conputer readable
medi um o alm 10, wherein the snoothing is done by convol ution by
mat hemat i cal nor phol ogy. 14. The conputer readabl e nedi um of

claiml1, wherein a curve fitting to isotopes 30 and expected noi se

spectra fbccurEh%g?’ﬁBU@féﬁa%m%r@ﬁd‘%W&'@Fhﬁi whaigin g Comptonsgattering
conput ery, k NELS fd

i sot opes 21 gﬁbsglct eghﬁg}éyebg%g%m% l(j)ccurrg nfjbssﬁ(rll tﬁllefltf'ﬁre'rvr%a%ﬁergy
ort hOnorspﬂctmat aod takind &t leasbond béan aimsotube va[aad:a‘tairwmahﬁrpl maskirg algmal
1, wherein e WEI hts d te curv |tt| are threshol ded at
val ues d¥y{ ap t%(‘éa@'&‘% %95%‘9% ative

deci sion cri terl on. 5 17. The conput er readabl e mediumof claim1,
wherein the weights are examned to determne if any are hi gh enough
to indi ¢hte alhd c@npuiaresadaae aieciumaefldlaisrt i whereduadebraptosrscattering

mitigation is implemented by applying convolution with an edge enhancing kernel such

15 as the Sobel kernel to the observed energy spectrum.

10.  The computer readable medium of claim 1, wherein a Compton scattering

mitigation is implemented by applying smoothing before enhancing sharp lines.

20 11. The computer readable medium of claim 10, wherein the smoothing is done by

convolution.

12. The computer readable medium of claim 10, wherein the smoothing is done by

at least one of rank order filtering and median filtering.
25

13.  The computer readable medium of claim 10, wherein the smoothing is done by

convolution by mathematical morphology.

14.  The computer readable medium of claim 1, wherein a curve fitting to isotopes

30 and expected noise spectra occurs using Gram-Schmidt orthonormalization.

15.  The computer readable medium of claim 1, wherein a curve fitting to isotopes

and expected noise spectra occurs using Caulfield-Maloney orthonormalization.



1018. The conputer readable nmediumof claim 17, wherein effects of any
I ndi cated nonlinearity on the weights are conputed and subtracted to
correct for the nonlinearity. 19. Theg, conputer readabl e nmedi um of
claim 17, wherein effects of any indicated 15nonlinearity are

| i neari zed by conputing and subtracting corrections to the spectrum
before an anal ysis of concentrations is done. 20. The conputer
readabl e nedi um of claim 1, wherein the sequence of software

oper at i offs arBhaisempbieriraadalie onediumoef qlaiot éswhergin e waights deteswined by
i dentify, and.20qu | f ne,or more of, chem cal . biological,

adh at | S e e i deho A s FR Gl 10 SR SsprticBfe eus fatse-
pr ocessirygative iderisidit bitdripa, conput er readabl e medi um cont ai ni ng

conput er instructions conprising instructions for 25(a)a process of

snooPhi ng, resanpling, and adaptive curve fitting to each peak

convor ut on' of a0 8hRHHEr IRk el e Lo WA B bl Sidinec

or Lor ertd detexminadf 4ry) arestigh enoaghfio frficatardilebeprisenns ofl@asicmiadaiity-
identify and guantify the 30intensity of various isotopes

cont ri buPd¥Ed &T@R observed energy spectrum where the sequence

I ncl udes: a preprocessing step that renoves noi se and m nim zes
the effects of Conpton scattering; -19- followed by a fit of a
resaDt i rMd. s peltie comgetarveadablg maddiam cf diaimedr, whenedt effects of boy iidisated

froma Bl hRbanty on (e weighte S SompNed R Subtactsd & corsdt Tor the ™

nonlinearity.

19.  The computer readable medium of claim 17, wherein effects of any indicated
15 nonlinearity are linearized by computing and subtracting corrections to the spectrum

before an analysis of concentrations is done.

20. The computer readable medium of claim 1, wherein the sequence of software
operations are used by the information processing system to detect, identify, and
20 quantify any one or more of chemical, biological, radiation, nuclear, and explosive

materials.

21.  Aninformation processing system including computer readable medium
containing computer instructions comprising instructions for:

25 (a) a process of smoothing, resampling, and adaptive curve fitting to each
peak initially indicated by some simpler curve fitting operation such as
convolution of a spectrum with a peaked function such as a Gaussian or
Lorentzian; and
(b) a sequence of software operations designed to identify and quantify the

30 intensity of various isotopes contributing to an observed energy spectrum,
where the sequence includes:

a preprocessing step that removes noise and minimizes the effects of

Compton scattering;



foll owed by an anal ysis of weights determned by a fit to determ ne
whet her an isotope should be reported and whether there may be need
for one 5nore stage in which effects_L#on1very hi gh radi ation | evels
are reduced and m stakes that nonlinedfity can cause are mtigated,

and wherein both (a) and (b) are used as a dual confirmation nethod

to enabl e greater gsyed aﬂ{Qﬁ?a Fé%%ltln@@ﬁ’é&ﬁhhﬂﬂeﬂ&é&@@ﬁbﬂ@s 8YHkarsGh of

claim21, wherein both (a d (b) are used to create greater
accuracy by mn’a@atqtm)nStfmm;amr@szebechssbofne@iapese@dme@te)d neisé¢ gpediea; and

gg;;tﬁ: \z/gsf glnzef g|° l%\ggﬁpymgﬁa@s\ﬂgro?welg%g G ermmet?gy fﬂqolod‘éehrrr}cir?elzse

whether an isotope should be reported and whether there may be need for one
5 more stage in which effects from very high radiation levels are reduced and
mistakes that nonlinearity can cause are mitigated, and
wherein both (a) and (b) are used as a dual confirmation method to enable greater

accuracy.

10 22, The information processing system of claim 21, wherein both (a) and (b) are
used fo create greater accuracy by using (a) to optimize false negatives and (b} to
further optimize false positives for an overall effect of reducing both false negatives

and false positives.



