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ABSTRACT

Virtual comparison microscopy (VCM) allows for the
comparison of toolmarks on fired ammunition. The
TopMatch™
3D
system
combines
high-resolution
topographies and computer algorithms to provide more
detail than what is seen with traditional light comparison
microscopy (LCM). This three-phase study was completed
at the Harris County Institute of Forensic Sciences.
No false-positive or false-negative results were reported.
The software allows examiners to annotate areas of
similarity and dissimilarity to supplement their answers.
In the future, VCM will work in tandem with LCM to assist
in casework and provide more information for inconclusive
results. Our study demonstrates that examiners report
accurate results using TopMatch™ VCM, and it is suitable
for use in the firearms laboratory.

RESULTS

MATERIALS & METHODS CONT’D

Within each phase, examiners were presented with a series of known and unknown
source test fire cartridge cases and were evaluated for a common source.
Phase I
Eleven previously analyzed proficiency tests were scanned and evaluated.
Phase II
Test fires from ten consecutively manufactured slides from Hi-Point model
C9 pistols were scanned and evaluated.

▲ Figure 2: 3D images from a proficiency test showing the comparison of a known source fired cartridge case and an unknown source
fired cartridge case. The image on the left shows the comparisons prior to annotation, and the image on the right shows the comparison
with annotation in green to highlight areas of agreement for documentation purposes.

% Accuracy of each phase

◄ Figure 3: Percent accuracy for Phase I,
Phase II, and Phase III.
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Currently, LCM is used for analyzing fired cartridge cases.
However, there has been an emergence of 3-dimensional
(3D) surface topographies and computer algorithms for
fired ammunition comparisons, termed Virtual Comparison
Microscopy (VCM). VCM shows potential advantages
over LCM when archiving and comparing evidence,
training examiners, and documenting comparisons and
verifications (1).
Currently, the TopMatch™ system is the fastest and highest
resolution 3D scanner for VCM applications. It is also the
first and only 3D scanner and analysis system to be
validated for VCM by the FBI (2,3). The goal of this study
was to conduct an internal validation of the TopMatch™
system at the Harris County Institute of Forensic Sciences
for implementation into casework.

MATERIALS & METHODS		

Scanning the Cartridges
Each cartridge case was cleaned prior to inserting into the
tray and was then analyzed utilizing TopMatch™ (Figure 1).

Figure 1: Scanning Protocol
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Phase III
Test fires were generated from eight firearms from the laboratory’s reference
collection. These firearms were selected for being notoriously poor marking
models.
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◄ Figure 4: Heatmap displaying results
from Phase III. Green indicates correct answer,
and yellow indicates analyst wrote inconclusive
as the result. Column 7 is colored to indicate
firearm trainee who is not authorized for
independent casework.

Examiners can annotate similarities (Figure 2) and dissimilarities to assist with comparison.
The percent accuracies for the phases are as follows: 97%, 100%, and 76%. No incorrect answers
were reported by firearm examiners using the TopMatch™ 3D scanner. Inconclusive results
were removed from the percentages because they were inconsistent with the ground truth. An
inconclusive response is given by an examiner when they determine there is not enough detail
present to conclusively state that two or more items are from a common or different source;
therefore, it is not considered an incorrect answer.

study evaluated TopMatch™ VCM for the analysis of fired
cartridge cases
▪ No incorrect responses were reported by firearm examiners using the
TopMatch™ 3D scanner
▪ Only one inconclusive result was reported in Phase I
▪ All reported responses were correct in Phase II
▪ The majority of inconclusive responses were related to test set 4 in
Phase III. This result was not found to be an alarming response given
that it is also a common response with LCM
▪ Based on the results reported in Phase III, a fourth phase is planned
		to further evaluate inconclusive results from VCM as compared
		 to LCM
▪ Due to the high percentage of correct responses, the lab will move
forward with implementation
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