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Disclaimer

Certain commercial equipment, instruments, or
materials are identified in this report in order to
specify the experimental procedure adequately. Such
identification is not intended to imply
recommendation or endorsement by the National
Institute of Standards and Technology, nor is it
iIntended to imply that the materials or equipment
Identified are necessarily the best available for the
purpose.
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EOENCES Overview

AProficiency Examination Example
AComparison Microscope Analysis
A3D Topography Measurements
AComputer Comparison Algorithms
A Congruent Matching Cells (CMC) Method
A Similarity Maps
A Score Distributions
AConclusions
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Collaborative Testing Services

AFirearms Examination Test No.-396

A Each set contains 7 cartridge cases

o Federal American Eagle .40 S&W 165 grain full
metal jackeammunition

of{ SG 2F o FTANBR AYy GKS
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AMore detailed information available at:

A https:// www.ctsforensics.com/reports/main.aspx
A https:// www.ctsforensics.com/assets/news/3026_Web.pdf
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"SEENCES KnownFirings from CTS 1826
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"SEENCES QuestionedFirings from CTS 1826
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Collaborative Testing Services

AParticipants are asked to determine which of the
recovered cartridge cases were fired from the same
firearm as the known cartridges

A315 of 330 participants (95%) identified sample Q1 as
coming from the same firearm that fired K1, K2, and K3

AMajority of participants also identified Q2 and Q4
although this was not required

S&W Springfield] S&W Springfield Sig Sauer
Armory XD40 | Armory XD Compac| P226

K1 Q2 Q3
K2 Q4
K3

Q1
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Comparison Microscope

ALeica Manual Forensic Science Comparison Microscope
A2x for breech face impressions
A 4x for firing pin impressions

ARobert Thompson supervised comparison of the casings in the style of
a typical examination
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"SHENSS Example Comparison Microscope Matches
Sample K1 and K3

" Breech Face —
Impression Firing Pin

Impression
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Transition from K1 to K3 Breech Face
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SHENS Transition fromK1 to K3 Firing Pin Impression
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"SHENSS 3D topography measurements

AScanning Disk Confocal Microscope
A Nanofocus>surf

A10x Objective (pixel spacing o&3Y
AStitching

A 3x3gridis used for breeckace impressions
A No stitchingfor the firing pin impressions

ATopography is manually cropped to obtain
region of interest

AData is preprocessed
A Outlier Removal
A Leveling
A Filtered
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Transition fromK1 to K3 (breech face)
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Transition fromK1 to K3 (firing pin)

Y - Position [pm]

Compared Surface B (;um)
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X - Position [m]
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SHENCES Congruent Matching Cells (CMC) Algorithm

AA measured surface is broken up into cells
A Allows invalid regions of the surface to be ignored
ACells from the reference surface are correlated with the second
surface to find the best registration position
ACells with congruent registration locations are counted to
determine a CMC score

Filtered, Reference Surface A (pm) Jem

Filtered Surface B

0.00

Y - Position [em]
¥ - Position [jem]

-2.00
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-12.17

-1500  -1000 -500 0 500 1000 1500
X - Position [ gem)

X - Position [ jum] 15
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Y - Position [m]
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Cell AssignmentKl and K3 (breech face)
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28 CMCs out of 49 total cells
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SHENGES Transition fromK1 to K3 (breech face)

Compared Surface B with Cells (yom) Jom
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NS Similarity Map KL and K3 (breech face)

Similarity Map with Cells (pm)
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¥ - Position [jem]

1500

K1 vs K3
MATCH

Similarity Map with Cells (pm)

FORENSIC SCIENCES

1000 A

-1000

-1500

-1500  -1000 -500 0 500 1000

X - Position [j:m)

Overall Similarity:

ACCF =21.2%

1500

Y - Position [pem]

Similarity Map for a Match vs Exclusion

K1 vs Q3
EXCLUSION

Similarity Map with Cells (zam)

=1500  -1000 =500 0 500 1000 1500
X - Position [ jem)

Overall Similarity:
ACCF 22.1%
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Y - Position [;:m]
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Reference Surface A with Cells (;m)

X - Position [z:m]

-300 -200 -100 0 100 200 300

um

Y - Position [zm]

Cell AssignmentKl and K3 (firing pin)

Evidence Surface B with Cells (;5m)

pum
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22 CMCs out of 37 total cells
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SHENCSS Transition fromK1 to K3 (firing pin)

Compared Surface B with Cells (;im) um
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SHENCSS Similarity Map KL and K3 (firing pin)

Similarity Map with Cells {;tm)

Y - Position [pm]
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SEENRES Similarity Map for a Match vs Exclusion

K1 vs K3 K1 vs Q3
MATCH EXCLUSION

Similarity Map with Cells (;:m) Similarity Map with Cells (;¢m)

Y - Position [p:m]

300 200 10 0 100 200 300 300 200 00 0 100 200
X - Position [z:m] X - Position [z:m]
OverallSimilarity: Overall Similarity:

ACCF =47.6% ACCF =3.4%
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"SHENES Summary of CMC results for Breech Faces

K1 2 4

—

K1 K2 27 K1 Q4 2

K1 K3 28 K2 Q2 3

K2 K3 32 K2 Q3 3

K1 Q1 21 K2 Q4 4

K2 Q1 23 K3 Q2 3

K3 Q1 25 K3 Q3 3

Q2 Q4 11 K3 Q4 4

Ql Q2 3

Q1 Q3 3

Matchesrange from 1132 CMCs Q1 Q4 2
Non-matcheshave4 or less CMCs gz gj 2
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"SHENGSS Summary of CM@esults for Firing Pins

K1 2 2

N

K1 K2 22 K1 Q4 3

K1 K3 22 K2 Q2 2

K2 K3 20 K2 Q3 2

K1 Q1 20 K2 Q4 2

K2 Q1 20 K3 Q2 2

K3 Q1 19 K3 Q3 3

Q2 Q4 16 K3 Q4 2

Ql Q2 3

Q1 Q3 2

Matchesrange from 1622 CMCs Q1 Q4 2
Non-matcheshave4 or less CMCs gz gj 2
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"SHENGSS Summary oifCombined CMC Score

K1 2

—7—

K1 K2 49 K1 Q4

K1 K3 50 K2 Q2

K2 K3 52 K2 Q3

K1 Q1 41 K2 Q4

K2 Q1 43 K3 Q2

K3 Q1 44 K3 Q3

Q2 Q4 27 K3 Q4

Q1 Q2

Q1 Q3

Matchesrange from 2752 CMCs Q1 Q4
Non-matcheshave 7 or less CMCs Q2 Q3

Q3 Q4
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ISOENCES Distributions of Scores

AApply the same visualization and comparison techniques to a
larger set of similar cartridge cases
ANIST obtained a set of fired cartridge cases from three different
firearms
A Ruger P94D@4 firings
A Ruger P91DA=8firings
A Smith& Wesson SW40VE2firings
A Enough to mak® complete proficiency exams (with leftovers)
AAnalyzed as complete distributions rather than by constructing
the 9 individual proficiency exams
AGoal Determine variations in scores that might be expected in
a proficiency exams
A Caveat From the perspective of a particular computer algorithm

27
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Example Filtered Surface Topography
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= 673 3500 . 647
1.58 2.37
3000
1.00
2500 1.25
E E E
= = = 2000
2 £ 0.00 2 000
@ T @
> > >
1000 125
-1.00
500
-1.58 2.37
| 493 0 . S - 7.8
0 500 1000 1500 2000 2500 3000 o 500 1000 1500 2000 2500 3000 3500 [} 500 1000 1500 2000 2500 3000 3500
X - Position [pm] X - Position [pm] X - Position [pm]
( Surface Topograph g ) pm Surface Topography Surface Topography pm
== 235 - — 1.39
500 o 4!‘—'5’“"_.\,‘ i
1.21 0.56
450 ot
2 0.40
400
350 | -
€ ® = 0.00
2300 0.00 2 2
< < <
2 2 2
‘@ 250 K @
& & &
> > > 0.40
-1.00
0.80
1.66 -0.95
2.33 - : -1.47
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500 600

X - Position [xm] X - Position [xm] X - Position [xm]



FORENSIC SCIENCES

SEENRES Example CorrelatiotMaps

Similarity Map with Cells (;:m) Similarity Map with Cells {;:m) Similarity Map with Cells {zm)
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Breech Face Impression Distribution
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SCIENGES Cause of Low scores
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STENCES Firing Pin Impression Distribution

Comparisons with Firearm 1 . Comparisons with Firearm 2
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Y - Position [pim]

Damaged Surface
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