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In forensic science:

1. the work begins on the crime scene and
finishes in court;

2. there are no magic wands;

3. items need to be collected, analysed and N)
results need forensic interpretation
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» What do Farensic Analysts need to consider in choosing an analytical method?

s Sample size
+¢* Destructive or non-destructive

L . . velatile arganic compounds — %¢ Availability of instrumentation, cost and operation
Gas chromatography Forensic Toxicology y ! P

wammery Raman spectroscopy . oy
Forensic Sciences Screening metabolites Total analysis time

M d S S | S pECt ro rm @t I"y “* Sample preparation requirements
lonization 'Crl m'E.‘ | Mass spectrometers
Liqu id chro mgt.ﬁgra F‘Jh“;f’ onization of gases % Quantitative or qualitative required

PFIRCROTILAECS

ShntE, Bgd\ra ﬂU.idS Chromatography . o .
~ Spectrometry Drug products Uanum %* What level of analysis is required (e.g.,  1.0% or + 0.001%)
Radioactive materials Chemical detection Seectrometers
street Drugs Electrospray ionization Imaging techniques ¢ Detection levels and useful analytical concentration ranges
Psychotropic Drugs  Chemical analysis >pectrum Analysis, Raman
Analytical Methods,(43) 2018 ** Admissibility (e.g., are all fragments compositionally the

same or are there sufficient variations among “known”

fragments of the world to link two samples) A’A
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> lon Beam Analysis Methods

IBIL lon Beam induced luminescence

Identification and quantification of the elements + depth Characterization (density, charge transport, chemical bonds,

distribution using MeV ion beams: morphology, crystallinity) with MeV ion beams:

v" PIXE v' STIM (density)

v RBS v IBIC (charge transport)

v' ERDA v Channeling (crystallinity) P

v" NRA v SEl (morphology) AA
v IBIL (chemical bonds, impurities, structural defects)
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» Why using lon Beams methods for analysis in Farensics?

v Non —destructive. The samples remain intact during the analysis, which means evidence or
artifacts can then be further evaluated using additional methods to gather more information

v’ Very high sensitivity to trace elements

v" Fully quantitative and absolute

v’ Can produce elemental maps on a sub micron scale

v' Measurements in vacuum or in air Negative pOintS:

v" Accurate / reproducible

v
v" Highly discriminating Not portable

v" Not reasonable time

v Not cheap NA

v" Need no sample preparation
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> |BAand Farensics trends

Results of SCOPUS search with topic “IBA” Results of SCOPUS search with topics Results of search with topics
“elemental analysis” and “ forensic” “forensic” and “IBA”

0.3% from the all IBA publications
11.4% from the all publications that

include topics “elemental analysis”
and “forensic” K )

Copyright © 2022 Elsevier B.V. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.
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> Can IBA be useful in Farensics?

Results of SCOPUS search demonstrate % of the different forensic materials that
were analyzed by “IBA” in the period between 2000-2022

N
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Can IBAbe useful in Farensics?

** SIMS and MeV SIMS used in determination of the ** MeV SIMS used in correlation with optical techniques for
deposition order of a doped fingerprint and written text distinguishing inks in writing tools
+ the sequence can be determined with MeV SIMS ¢ added value in determining the deposition order and ink

line intersections
*» the problem arises for real case fingerprints which are
developed by fingerprint reagents s MeV SIMS more efficient for distinguishing oil-based inks

N
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Can IBAbe useful in Forensics?

¢ IBA in conjunction with SEM-EDS
+* MeV SIMS used for determination of the cocaine

detection of Hg from the mercury fulminate primers hair
*** PIGE — added value: identification of Iight e|ement5, o3 High chemical sensitivity and non-destructive
boron and sodium characterization

+»» Ability to reconstruct a detailed history of cocaine A
intake
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Can IBAbe useful in Forensics?

«¢* IBA — PIXE and MeV SIMS successful discrimination
between the legal and illegal products

<&

L)

L)

* INAA - elemental quantification and future
implementation of an interlaboratory classification
system

Non-destructive vs destructive
preserving the integrity of the samples is mandatory!

¢ IBA (PIXE and PIGE) in conjunction GC-MS and HPLC-HRMS

+» added value of IBA — light (PIGE) and heavy elements (PIXE)
determination for discrimination between legal and illegal
products

** Foundation for an inter-laboratory classification system Y,
based on chromatography, MS and IBA measurementsA)
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Car glass dassification by IBAmethods as a part of the forensic workflow

Every year, the Israeli Police Force reports on dozens
of crimes that involved glass fragment as evidence
which did not realize their forensic potential.
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Forensic problem

One of the frequent forensic problems is linking of the evidence to the crime scene.

Glass characterization parameters:
= Sjze

= Color

= Refractive Index (RI)

= Elemental composition***

***Difficulty: Improvement in glass manufacturing
techniques and higher standard rigidity

“This fragment came from a Ford!”A’A
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In the previous episodes

CSI - Bar-llan
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Israel Police HQ, Toolmarks and Materials Lab provided:

48 Samples:

> 13 vehicles
> 10 car manufacturers



IAEA International Conference on Accelerators for Research and Sustainable Development: From Good Practices Towards Socioeconomic Impact

Amount of the specific element (K) as a differentiator

4
The boxplot represent the distribution of a single element, K, partitioned by manufactures AA
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If a manufacture doesn’t display distinct differences in
any of the elements, it will not be distinguished.
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Is a big picture informative enough?

....no particular orderliness between
manufacturers

When Human learning has fails, one moves on to Machine Learning (ML) A’AI
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The idea behind ML

70% - to study 30% - to test

¢ ]

Evaluation of model on test set
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The idea behind ML

Decision Tree (Machine Learning Algorithm)

Condition 1
(Na wt% < 0.02)

Condition 2
Ford (Fe wt% > 0.3)

Honda Mazda



IAEA International Conference on Accelerators for Research and Sustainable Development: From Good Practices Towards Socioeconomic Impact

New approach: Cobination of two worlds -

Confusion matrix demonstrates the performances of the
classification model, % of correctly identified samples class.

The combination of PIXE-based
elemental analysis with ML algorithms
can provide reliable models for assigning
glass fragments taken from cars’
windshields to one of several car
manufacturers

N
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Inthe next episodes

Rule of thumb for data analysis:

V{4 .
The more the merrier”

And that’s why lab cooperation and information sharing is important

A global forensic database
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Inthe next episodes

The same samples were given to

Division of Experimental Physics Department of Chemistry and Department of Physics

Ruder Boskovi¢ Institute, RBI Institute of Nanotechnology University of Helsinki, HU N
Bar-llan University, BINA
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Interconparison between PXE results of different laboratories

Train set — RBI data, test — BINA data ™=  Result was not spectacular
Ca

Si

The measurements were performed using the different experimental setups NJ
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Interconparison between PXE results of different laboratories

N T Si

Normalization process

Comparison of measurements with different setups before (left) and after (right) normalization.

Normalization of the data reduces variability that is caused Y
by different measurement protocols and instruments. AA
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Comrbination of AIXE results fromdifferent laboratories to unified database

The samples from the same manufacture are located in
the same area, indifferent of the measuring lab.

4
Dimensionality reduction of the combined database using t-SNE method. AA
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The power of the cabining results

The model produced by the uniform database has performances metrics
values equal or better of the best performing lab-specific model. A'AI
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The last episode:
(asdification of glass specimen using multiple analytical techniques measured in multiple laborataries

Laboratories

" BINA, Israel

®"HU, Finland

" RBI, Croatia

" DIFS, Israel

" ATOMKI, Hungary
"BNC, Hungary

" BARC, India

Alternate/Complement techniques

" PIXE

" PIXE

" PIXE

"EDS

“LA ICP-MS
“PGAA
"INAA, PIGE

>
>

Performances of lab-specific models

Lab group/method | Precision Recall F1 - Score

BINA / PIXE 0.84+0.05 | 0.88+0.05 | 0.83+£0.05

RBI / PIXE 0.84+0.05 | 0.87+0.05 | 0.83+0.05

HU / PIXE 0.65+0.08 | 0.66+0.13 | 0.61+0.10
0.92+0.06 | 0.87+0.10 | 0.89£0.08

BARC / INAA, PIGE

BNC / PGAA 0.52+0.25 | 0.48+0.26 | 0.49+0.25
0.79+0.09 | 0.76 £0.12 | 0.76 £0.10

ATOMKI / LA-ICP MS

DIFS / EDS 0.51+0.09 | 0.52+£0.11 | 0.48+0.10

Samples Collection: 48 glass specimens from 13 different car models from 10 car
manufacturers were collected and recorded. The same specimens that were previously
measured by PIXE were now provided to all labs for analysis by other techniques

N
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Agreement between labs on features’ importance

Pr, As, Bi

Chosen BINA, RBI, HU, BI;AI(ZICE:’ BNC, ATOMKI, DIFS
by: PIXE PIXE PIXE +INAA PGAA LA ICP-MS EDS
K X X X * X X
Al X X X X X
Ti X * X * X *
Fe X X X X X X
Mn X X * * *
Ca X X X * X *
Mg X * X
Zn X %k %k X %k %k
Si X X X X
cr X %k %k k %k
S X k %k k %k k
Na X * X X
Ce, Zr, % * * X * *
Rb, Eu
Sc, Co * * * X * * *
La %k %k %k X k X %k
Gd, B * * * * X *
k %k * k * *k

X - features that were measured and
found among the ten topmost important
features.

Empty cells - features that were
measured but not determined to be
within the ten topmost important
features.

* - elements that were not measured by
the specific lab.

N
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How can we get better?

( )

48 . Precision — 0.68+0.03
Data Base specimens Si, Al, Ca, Fe Recall - 0.6710.03
696 measurements) F1-Score - 0.6610.04

These features are common to all
laboratories

( )

48 ) Precision — 0.82+0.03
Data B specimens Si, Al, Mg, Na, Ca, Fe | Recall - 0.79+0.03
a8 base F1-Score - 0.79+0.04

284 measurements

\ (without BNC, DIFS, HU), The data from laboratories with
performance values <70% were discarded
(BNC, DIFS and HU).

N
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How can we get better?

Performances of models derived from combinations of
different techniques

PIXE PIGE +INAA | LA-ICP-MS > Combining measurements from two labs

P:0.87+0.04 P: 0.7810.05 P:0.9240.02 P:0.81+0.04 leads to models which are significantly

PIXE R: 0.9040.03 R: 0.81+0.04 R:0.93+0.02 R: 0.84+0.03 better than the lower-performing model of

F1:0.8740.05 | F1:0.77+0.05 | F1:0.92+0.03 : Tt s s s @il ey werse Ui

P: 0.92+0.06 P: 0.86+0.06 P: 0.4910.06 the higher-performing model.

PIGE + INAA R:0.87+0.10 | R:0.83+0.09 | R:0.50+0.09
P:0.79£0.09 Y P:0.88+0.06

LA-ICP-MS R:076+0.12 | R:0.89 +0.06 » BARC produces high quality classification

\ F1: 0.76 + 0.10 J F1: 0.86 + 0.07 models using a completely different

P: 0.51+0.09 features set than used by all other methods

EDS R:0.52 £0.11
F1:0.48 £0.10

In order to participate in the unified DB it is not sufficient for it to be able to properly measure samples and construct a
good predictive model but also to be able to construct good predictive models using the important features as

£
determined by other labs. A ‘
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For the next episodes, gpen questions are;

*** Will model performances be improved if models will be derived from the raw

spectra?

*%* Can the model application be expended to identify glasses that do not origin from

vehicles? Or other forensic materials?

**1s it feasible to create a web-based database? And to use it as new reference to

point out specific differences in the results that come from specific laboratories?

N



The most work on the glass was carried out under the IAEA Coordinated Research Project on “Enhancing
Nuclear Analytical Techniques to Meet the Needs of Forensic Sciences” (F11021), 2017-2021
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Corrbining Hemental Analysis and Machine Leaming

[s the Future
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