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B98  An Objective Comparison of Striated Tool Marks Produced From Ten Consecutively Manufactured Cold
Chisels Measured by Contact and Optical Surface Profilometry and Comparison Microscopy
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The goals of this presentation are: (1) to inform attendees of the developments in quantitative measurement comparison of striated toolmarks;
(2) to introduce recent developments in tool mark profile measurement using 2D and 3D surface profile instruments; and, (3) to demonstrate the
robustness of proposed mathematical-based comparison scoring methods on a challenging tool mark test set.

This presentation will impact the forensic science community by informing and maintaining currency in the development, testing, and
validation of the emerging technology of tool mark comparisons using 3D profilometry and objective mathematical comparison methods.

In the forensic science specialty of tool mark identification (which includes firearm identification), “tool marks” are the result of a harder
surface acting upon a softer surface, usually but not exclusively metal alloys. The method for tool mark comparison relies on an objective side-by-side
evaluation of the agreement by comparison microscopy; however, the opinion of “sufficient agreement” for conclusion to identify a tool source is
subjective in nature, relying on the education, training, and experience of the examiner.

The first extensive study focusing on quantifying matching patterns of tool mark stria was performed by Biasotti in 1959.1 His work
demonstrated that consecutive matching stria groups were diagnostic for a quantitative measurement of similarity when two striated tool marks are
microscopically compared, now termed Quantitative Consecutive Matching Stria (QCMS). Known Matching (KM) and Known Non-Matching (KNM)
rifling land impressions on fired bullets were compared and the consecutive matching stria were counted. In non-matching comparisons, small QCMS
numbers were observed, demonstrating the quantity of agreement observed by chance, understanding that agreement sufficient for identification must
exceed that quantity. The minimum number of QCMS that was necessary for an accurate conclusion of the firearm source was empirically determined.
The QCMS method is currently used by many examiners to quantify the agreement in striated tool mark comparisons.?”

Optical 3D systems are emerging as objective methods in forensic tool mark measurement and comparison. These adapted instruments are
useful due to the increasing computational power of modern computers and control systems tasked with handling high-definition 3D data.®17

This is the first scientific investigation to employ consecutively manufactured tools (chisels) to produce striated tool marks whose contour
profiles were measured by: (1) contact stylus profilometry; (2) non-contact 3D optical profilometry employing focus variation instrumentation; and,
(3) the QCMS method. Striated tool marks were created pairwise in a controlled manner from ten consecutively manufactured cold chisel blades.
Comparison tests between tool marks created in this manner have the best potential for producing microscopic agreement between two or more different
tool sources, resulting in false positive identification. The striated tool mark profiles were measured using contact stylus 2D profilometry and non-
contact optical 3D profilometry. Profile similarity and differences of KM and KNM tool marks were compared using two mathematical methods:
Cross-Correlation Function Maximum (CCFwmax) and the recently developed Congruent Matching Profile Segments (CMPS).

Both 2D- and 3D-acquired profile comparisons exhibit a wide separation between KM and KNM CCF score distributions when the full-
length profile comparisons were made. Similarly, large separations of KM and KNM score distributions were also the result of segmented profile
comparisons performed by CMPS. Replicas of the KM and KNM chisel tool marks were also compared using comparison microscopy, and the
similarity and differences were measured by the QCMS method. Results of these comparisons also demonstrate a wide separation of distributions
between the QCMS “runs” in KM and KNM tool mark comparisons, and no KNM comparisons exceeded three consecutive matching stria. The score
distributions were also examined in a subjective statistical manner for their theoretical estimations of matching probability and demonstrate an
exceedingly rare probability of sufficient agreement that would result in false positive identifications.

Conclusions: The results support the use of quantitative methods of profile comparisons for the discrimination of matching and non-matching
striated tool marks. Both contact and non-contact methods of profilometry are useful in later mathematical comparison and score methods; however,
in actual casework, the non-contact methods would be more acceptable because the contact stylus method may introduce stylus marks onto the evidence
tool marks and, therefore, change the original evidence features. Additionally, the full profile comparison method in the CCFmax method is not as
applicable to casework because the vast majority of striated tool marks on evidence items or collected at crime scenes exhibit partial tool marks from
the full tool-working surface. The CMPS method exhibits the best promise for an objective comparison method and is better designed to compare much
smaller profile segments of the striated tool mark profile to typically larger reference profiles. The evaluation of the tool mark peak frequency could
also be employed to select optimum profile segment widths for the tool marks to be compared.
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