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OBbEAMHEHUE MUKPOCKOMNUU U CTATUCTUHECKUX METOZ0B
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[na KoppekTHOI naeHTudmkaumm opyxus no cnegam ot 10 no-
CNefoBaTesbHO M3rOTOBJIEHHBIX NUCTONETHBIX 3aTBOPOB B paboTe
MPUMEHSINC CPABHUTENbHBIA MUKPOCKOM, WUCMONb3YIOWNIA CTaH-
[APTHbI ONTUYECKMIA METOZ, CPABHEHUS U KOH(DOKANBbHYI0 MUKPO-
CKOMUIO C BO3MOXHOCTBIO NPOBefeHns Tonorpaduyeckoro kpoce-
KOPPENALMOHHOro aHanu3a. MpeHtudukaumm 6binM OCHOBaHbI Ha
MaTeMaTMYeckux pacyetax n3obpaxeHuns CnefoB OT NATPOHHOMO
ynopa 6e3 yyeta cnena 6Goitka. [9THafLaTh HEM3BECTHBIX MUIb3
6blM CPaBHEHbI C HABOPOM TWNb3, BLICTPENEHHBIX 13 OPYXUS C MO-
CNefoBaTeNbHO NPOU3BEAEHHBIMI 3aTBOPAMMU.

KnioueBble cnoBa: KpUMMHANMUCTUKA, MMb3a, GanamcTuyeckas
uaeHTudUKaLMs, cnpaBoyHble Matepuansl (CM), ctaHmapTU30BaH-
Hasl rub3a, KOHbOKaNbHBIA MUKPOCKON C AUCKOM Hunkosa.

Cartridge Case Signature Identification

Using Topography Measurements and Correlations.
Unification of Microscopy

and Objective Statistical Methods

R. Thompson, J. Song, A. Zheng, J. Yen

A comparison microscope employing the standard optical comparison
method and confocal microscopy with subsequent cross correlation
topography analysis were used to correctly identify cases fired from
a set of ten (10) consecutively made pistol slides. The mathematical
identifications were based on the breech face impression without the
firing pin aperture shear marks. Fifteen (15) unknown cartridge cases
were compared to test fired cartridge case sets from the consecutively
manufactured slides.

Key words: forensic science, cartridge case, ballistics identification,
standard reference material (SRM), standard cartridge case, a Nipkow
disc confocal microscope.

Brief Methodology

Cartridge cases that comprised test fires from
ten (10) consecutively manufactured Ruger slides,
fifteen (15) unknown cases, and five (5) «persistence
study» cases were received from Thomas Fadul from
the Miami Dade Crime Laboratory. The cases were
microscopically examined and the results were later
confirmed as accurately associating all of the ques-
tioned cases back to the correct pistol slide sources.
These results were not communicated to the project
team until after the surface metrology and correlations
were completed.
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A Nipkow disc confocal microscope was used
to gather the 3D topography data from the breech
face area of each case. The data were then trimmed
to remove any uninformative areas. Preprocessing
software then was employed to identify outlier and
dropout points, which are typical artifacts in this type
of surface measurement. These outliers and dropouts
were then interpolated and masked from further cor-
relations. Next, the software applied a Gaussian filter
to the data to remove long wavelength waviness and
short wavelength noise. After the filter, the data were
then leveled and were registered in the X, Y and u
directions to locate the maximum correlation position.
After the registration was completed, the software
applied the cross correlation algorithm to quantify
the similarity between two cases.

A total of 1600 correlations were performed in
a 40 x 40 matrix. Using statistical analysis from the
known match and known non-match correlations, a
baseline cross correlation function (CCF) was es-
tablished to identify matches. Finally, the results of
the mathematical determination of slide source were
compared to the validated results from the micro-
scopic comparisons.

Summary of Results

Based on the CCF results, and a statistical analy-
sis of the match and non-match case scores, 19 of the
20 unknown cases were correctly identified to the
slides that they came from. One case was not posi-
tively identified back to its original slide and had an
«inconclusive» scoring. However, this one case was
identified to other unknown cases that were correctly
identified to the same slide.

General Conclusions

Using the topography from the breech face por-
tion of the cartridge case, the cross correlation func-
tion performed very well in identifying the unknown
cases back to their slides. These results provide an
objective mathematical validation of consecutive pis-
tol slide breechface identifications that is in harmony
with the results of optical comparison microscopy
employed by an experienced firearms examiner.



