
Ruger 
LCP Barrel 
Study
A two-pronged approach



Part 
1: Traditional Consecutively 

Rifled Barrel Study

This study started as an attempt to take a closer look at the 
rifling observed in the 380 Auto Ruger LCP pistol

Dallas AFTE seminar, 2015- Similarity had been observed in 
bullets fired from LC9 barrels

What about LCP?

The original goal was to determine the error rate of 
examiners asked to identify unknown bullets to the 
appropriate LCP barrel

This would be accomplished by creating an open-set, black 
box study using 10 consecutively rifled and 3 non-
consecutively rifled Ruger LCP barrels



The Tour

• Four examiners from Houston Forensic Science Center went to Prescott, Arizona to tour 
the Ruger Manufactuing plant

• While there, we asked many questions and learned that there was 
a potentially significant difference in the rifling process for LC9 and LCP barrels

• LC9 barrels are subjected to one heat-treat process prior to rifling

• LCP barrels are subjected to two heat-treat processes, before and after rifling



The Plan • After the tour, a discussion took place with Ruger plant 
manager Richard David and others who agreed to donate (10) 
consecutively rifled LCP barrels as well as (3) random barrels 
not rifled consecutively to the other ten

• A pilot study was designed to be tested on Firearms Examiners 
at Houston Forensic Science Center

• Eight examiners would each examine one of (3) different test 
kits (randomly assigned) to evaluate the design and 
documentation provided to ensure the tests were suitable 
before creating tests for larger scale distribution 



Pilot Test

• Each test kit consisted of:
• 5 sets of 3 known test fires
• 8 unknowns

The test kits were open ended; some of the unknown bullets were not fired from any of 
the 5 known barrels in that test group

In each test group there were at least 2 unknown bullets that were fired from a single 
barrel



Pilot Results- Examiners

Identifications:

All 8 of the examiners were able to correctly identify the unknown bullets to 
the appropriate barrel

Inconclusive vs. Elimination:

Some of the examiners eliminated the bullets that were not fired from the 
same barrels as the knowns; others went with inconclusive



Part 2: CSAFE 
Collaboration

AFTE 2017 (Denver) – MUCH discussion of 3D microscopy and 
how it could be used in Firearms Identification

Discussion with Dr. Heike Hofmann led to perfect opportunity 
to collaborate with CSAFE (Center for Statistics and 
Applications in Forensic Evidence)

CSAFE team agreed to scan the bullets in the 3 pilot tests 
with their Sensofar 3D microscope and use their algorithm to 
evaluate the similarity between the bullets

Ground truth was withheld from CSAFE team until after all 
comparisons were complete and conclusions reported

New second goal: to see if 3D scans and application of an 
algorithm could be used to correctly identify what barrel 
each unknown bullet was fired from























Pilot Results -
CSAFE

The CSAFE team used the algorithm they developed to 
compare the topography of the unknown bullets and known 
test fires.

The CSAFE team used the scores to correctly identify which 
barrel each unknown bullet was fired from



Pilot Test Input

The examiners who took the pilot test found the format easy to follow.

At this point we turned to the experts for guidance before taking the plunge and moving 
forward.

CSAFE Input:  Add a 4th test group in order to cover all possible combinations of barrels

NIST Input: add more barrels that are not consecutively matched, randomize the naming of 
the barrels, define the minimum number of comparisons required, redefine our result 
statement (from proposal)



Final Test Sets

Input from the examiners who took the pilot, 
CSAFE, and NIST were all considered when 
designing the test sets



Test Group #1

Test Fires from known barrels: 1, 2, 3, 4, and 5 (3 of each)

Unknowns: 

Barrel 1: 2

Barrel 2: 2

Barrel 3: none

Barrel 4: none

Barrel 5: 1

Barrel 6: 1

Random Barrel #1: 2



Test Group #2

Test Fires from known barrels: 3, 4, 5, 6, and 7 (3 of each)

Unknowns:

Barrel 3: none

Barrel 4: none

Barrel 5: 1

Barrel 6: 1

Barrel 7: 2

Barrel 9: 1

Random Barrel #2: 2



Test Group #3

Test fires from known barrels: 6, 7, 8, 9, and 10 (3 of each)

Unknowns:

Barrel 6: 1

Barrel 7: 2

Barrel 8: none

Barrel 9: 1

Barrel 10: 2

Random Barrel #3: 2



Test Group #4

Test Fires from known barrels: 1, 2, 8, 9, and 10 (3 of each)

Unknowns:

Barrel 1: 2

Barrel 2: 2

Barrel 8: 0

Barrel 9: 1

Barrel 10: 2

Random Barrel #1: 1



Participants

Total participants: 35 trained Firearms Examiners

- 34 AFTE members

- 31 from accredited labs

Range of Experience:

- from 0-5 years through 20+ years of experience

Participants were from US (including Puerto Rico) and Canada



Participant Conclusions

Three of the Firearms Examiners did not report all conclusions; they only performed 
comparisons on an unknown until they reached an identification to a known

These would-be comparisons were not included in the error rate  calculations.

Total comparisons: 1361

Total different source comparisons (elimination/exclusion): 1171

Total same source comparisons (ID): 190



Error Rates

• According to the AFTE rules of identification (AFTE Criteria for Identification Committee, 
1992), there are 0.53% missed identifications and 0.09% missed eliminations for an 
overall error rate of 0.15%

• An inconclusive result  was reported in 441 out of the total 1361 comparisons (32.4%); all 
but one of the inconclusive results occurred for different-source comparisons (440 
inconclusive results or 99.8%) 

• 294 of the inconclusive results fall into the category INC C- possibly because some labs 
are not allowed to eliminate on individual characteristics



Examiner 
Conclusions

Left: one false positive, one inconclusive 
A, 188 identification

Right: one false negative, 440 
inconclusive A, B, and C, 730 elimination



A Closer Look at Conclusions

• Inconclusive A was almost 
exclusively used by newer 
examiners

• Inconclusive C may be 
equivalent to Elimination for 
examiners in labs with 
restrictions on eliminating on 
individual characterictics



CSAFE 
Results
• Histograms of barrel 

matching scores assigned 
to questioned bullets. 
There is perfect 
separation between 
scores for identifications 
and scores for 
eliminations



CSAFE and Examiner 
Results

• Boxplots of barrel matching scores for all 32 
questioned bullets by participant conclusion. 

Boxplots are colored by ground truth 
(Elimination/ID)



CSAFE and Examiner Results

• Boxplots of barrel matching 
scores for all 32 questioned 
bullets by participant 
conclusion. Boxplots are 
colored by ground truth 
(Elimination/ID)



Score Distribution
• This graph represents the similarity scores 

generated when examiners reported a 
conclusion of Identification

• The left side was computed using cross-
correlation function

• The right side was computed using random 
forest score



Score Distribution

• This graph represents the similarity scores 
generated when examiners reported a 
conclusion of Elimination

• The left side was computed using cross-
correlation function

• The right side was computed using random 
forest score



Summary

Examiners were able to successfully identify which LCP barrel 
unknow bullets were fired from with few exceptions. The 
overall error rate for examiners was .15% with one missed 
identification and one missed elimination

CSAFE team was able to correctly identify which barrel each 
unknown bullet was fired from using 3D bullet scans and 
their algorithm without any errors



Special 
Thanks

Houston Forensic Science Center has been 
exploring 3D instrument options
This study has given us a way to compare 
and contrast the capabilities of the 
different instruments
Thank you to Andy Boyle and Brandon 
Huntley of Ultra Electronics and Neal 
Schrode of Evofinder for agreeing to scan 
and/or allow HFSC to use your demo 
instruments to scan test kits from this 
study
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