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• Photonics Europe (2016) “Three-dimensional 
measurements with a novel technique 
combination of Confocal & Focus Variation with 
a simultaneous scan” 

• AAC (2104) “Using Optical areal measurement 
methods to assess the surface shape and 
texture on aluminum anodized surfaces” - 
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‣ Crime labs  

‣ Optical (side-by-side) comparison 
microscopes.  

‣ Lighting conditions are the same (or 
nearly so). 

‣ Automated ballistics identification systems  

‣ Digitized optical microscope images.  

‣ Lighting conditions are not guaranteed 
to be equal.  

‣ Not very successful with lead bullets or 
bullets with differing compositions

[1] TV Vorburger, J Song, N Petraco. ‘Topography measurements and applications in ballistics and tool mark identifications, 
Surf. Topogr.: Metrol. Prop. 4 (2016) 013002 
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‣ Bullet signatures are 2D or 3D tool 
marks  (geometrical micro-
topographies by nature) 

‣ Direct measurement and 
correlation of 2D surface profiles 
and 3D surface topographies have 
been proposed for ballistic 
identification 

‣ Automation using 3D 
measurements is more successful 
in the analysis of a wider range of 
bullet types

[1] TV Vorburger, J Song, N Petraco. ‘Topography measurements and applications in ballistics and tool mark identifications, 
Surf. Topogr.: Metrol. Prop. 4 (2016) 013002 
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• Measure degree of similarity - public domain 
parameters - 2D & 3D 

• Cross-correlation function (CCF) [2] 

• Signature difference (Ds) [2] 

• Full surface or individual characteristics? 

• Congruent Matching Cells (CMC): CCFmax, “theta”, x, y 
for every cell + number of matching cells (CMC 
number) [3] 

• Principal component analysis (PCA) [4]

[2] J Song, TV Vorburger. ‘Proposed bullet signature comparisons using autocorrelation functions, Proc 2000 NCSL (Toronto) 

[3] J Song 2013 Proposed NIST ballistics identification system (NBIS) using 3D topography measurements on correlation cells AFTE J. 45 184-94 

[4] Petraco N D K et al 2013 Estimates of striation pattern identification error rates by algorithmic methods AFTE J. 45 235-44 
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METHODOLOGY 

1. Land surface  
measurements

2. Land comparisons 
(CCFmax) 

3. Bullet comparisons:  
CFFmax matrix

4. Top N list 
analysis

Hamby test 15 v. 20 
bullets takes 10 days

[5] D.S McClarin. Adding an Objective Component to Routine Casework: Use of Confocal Microscopy for the Analysis of 9 mm 
Caliber Bullets. AFTE Journal - Volume 47 Number 3 - Summer 2015 
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METHODOLOGY 
New

3. IC comparison (CCFmax) 

4. Bullet comparisons:  
new automated 
comparison score: 
Sequence Average 
Maximum (SAM)

1. Land surface  
measurements

2. IC extraction

5. Top N list 
analysis

Hamby test 15 v. 20 
bullets takes < 2 days

11 h
4 sec.
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1. Full surface (2.3 mm x 0.66 mm)

2. Crop1 - eliminate land shoulders  (1.7 mm x 0.66 mm)

3. Waviness (filter Gaussian, 0.025 mm) - remove surface 
roughness

4. Form removal (polynomial degree 2) - remove cylinder

5. Roughness (filter Gaussian, 0.127 mm) - remove deformations 

6. Crop 2 - select best area (eliminate defects) 

7. Save IC surface (3D) - 1.7 mm x 0.13 mm

Example: Beretta bullet ADFS - Confocal measurement using S neox

1 bullet takes 3 min 
(6 lands)
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METHODOLOGY 
3. IC Comparison

‣ Cross-correlation of mean profiles

1 IC takes  less 
than1 ms

CCFmax=0.311

Example2: different land
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Example 1: same barrel (J. Hamby Br10)

‣Single: Matrix maximum (Max)

‣Composite

‣Column Maximum Average (CMA)

‣Sequence Average Maximum (SAM)

METHODOLOGY 
4. Bullets comparison

L1
L2

L3
L4

L5

L6
L1

L2

L3
L4

L5

L6



‣ Statistical study of CCFmax:  J. Hamby Known bullets set  is compared 
to itself.; for every matching bullet 6 lands are Known Matches (KM) 
and 30 are Known Non Matches (30). For the full set we get: 

‣ Known Matches (180) 

‣ Known Non Matches (10620)
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CONCLUSIONS

1. New methodology for for bullet analysis using high-
resolution optical 3D surface metrology: separating IC 
extraction from IC comparison streamlines batch 
comparison tasks & allows lighter databases

2. Customizable IC extraction template (pristine cooper 
bullets)

3. Application of well know IC comparison template: mean 
profile CCFmax

4.  Study of automated bullet comparison scores: Max, CMA 
and SAM  = new composite score

5. SensoMATCH bullet comparison engine solves J. 
Hamby test in 4 seconds. New tool for R&D  (easy, 
flexible & open)
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