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Disclaimer

Certain commercial equipment, instruments, or materials are identified in this
presentation to specify the experimental procedure adequately. Such
identification is not intended to imply recommendation or endorsement by the
National Institute of Standards and Technology (NIST), nor is it intended to

imply that the materials or equipment identified are necessarily the best
available for the purpose.

Funding for this project was provided by the National Institute of Justice (NIJ)
DOJ-NIJ-2021
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Disclaimer

The study results should NOT be used to rank/compare instrument performance or to
analyze Virtual Comparison Microscopy (VCM) performance. The data only demonstrates

variations in the NIST scoring algorithms when different measurement sources are used
as inputs.
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Research Goal

* Evaluate the effect of measurement
source on similarity metrics ACCF,,,x
and CMC
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* Discover sources of variation and
develop best practice guides to
reduce measurement variations

Normalized frequency

o
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 Quantify observed variations for use P
. . . Similarity score (cross correlation)
in future uncertainty analysis

Research conducted by Dr. Martin Baiker (NFl) evaluating the effect of
different measurement sources on CCF,,,y of striated toolmarks.
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Firearm Brand and Ammo
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@ g Mﬁ% slides per Mfg.

RUGER * 3 Test fires per slide

Model: LC9 Model: JA9 * 120 Cartridge cases total
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Instruments Sampled

Focus Variation (FV) Photometric Stereo Non-Linear
Photometric Stereo
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Instruments Sampled

Evofinder 6.6
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Instruments Sampled

Quantum

Alicona G5




Instruments Sampled

Sensofar
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Data Processing

Trimming
Leveling

Filtering
Cutoff High: 250 um
Cutoff Low: 15 um
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ACCF,,, Algorithm - KM
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CMC Algorithm
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CMC Algorithm - KNM
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B Repeatability
1 Reproducibility
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Glock Results
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Jimenez Results
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Ruger Resu
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Kruskal-Wallis Test (Whole Population)

One cannot assume that the data
originating from different instruments

belong to the same population. There
are statistically significant differences
between them.




Kruskal-Wallis Test (Within Instrument)

Within the same instrument, variation in

data is much lower. The only exception is
poor measurement SOP or quality.




Strictly Standardized Mean Difference
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SSMD - ACCF,
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SSMD - CMC
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Glock SLR Comparison
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Glock SLR Inter-Comparison
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Hi-Point SLR Comparison
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Jimenez SLR Comparison
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Ruger SLR Comparison

Ruger SLR Inter-Comparison
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SRM2461-275 Start vs End
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Inter-Lab Samples Start vs End
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Measurement Quality

Large Debris On CC Lack of Z Scan Range Small Debris on Gel
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Discussion

 When incorporating data from another measurement source, care needs to be taken to
ensure existing systems and statistical models are appropriate.
* Interoperability of the data should be evaluated.
e Similarity metric effects should be evaluated.
e Statistical models should be tested to ensure applicability.

e Observed differences should be documented.
« Difference can be treated as an uncertainty component.
 Difference can be treated as a correction.

 Measurement quality and SOP are extremely important to the exchange of data across
the same systems as well as different systemes.

» Differences in measurement quality have adverse effects on the weight of evidence.
* Especially if the data is being shared between systems.
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Limitations and Future

* Single Algorithm Source
* Only the NIST ACCF,,,x and CMC algorithm was used in the testing.
e Alternative algorithms could be less sensitive to the differences observed.
* Future research could study the correlation results from different
algorithms using the same set of measured data.

* Additional Research
* Determine instrument groupings with no statistically significant
differences.
* Develop statistical correction factors for instrument pairings with
statistically significant differences.
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NIST SRM Updates
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https://shop.nist.gov If you are using SRM2460a Standard Bullet
’ ’ Replica for EvoFinder QA measurements, contact
Product Search: SRM2461 Brian Renegar to have your bullet retrofitted.
New Certificate Expiration Date: 5/30/2033 brenegar@nist.gov
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Questions?

Xiaoyu Alan Zheng alan.zheng@nist.gov
Johannes Soons johannes.soons@nist.gov
James Yen James.yen@nist.gov
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