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Purpose 

 

The purpose of this presentation is to give 

an overview of our R&D activities on 

BULLETTRAX-3D since 2004 

 



Presentation Outline 

1-  Captured data: 

  The importance of capturing the 3D topography for bullet 
analysis 

2-  Acquisition Sequence in BULLETTRAX-3D 

3-  Splitting the Topography in Two Levels of Resolution   
improves visual analysis 

4-  Comparison Process (Correlation)

5-  Achievement: Support to solving the Gurney Case 

 

6-  Conclusions 

 



Captured Data 



 Easy for Human brain: photo stereo 
reconstruction 

 3D reconstruction from 2D images 

L  : Light source 
O : Object 
S  : Signal 

O 

L S 

Captured Data 

S = FLight,, ObjectR,T 

S = interpretation of T 

Firearm experts have been working with 
comparison microscope for years and 
never directly compared topography 
measurements. 



Captured Data 

2003:  Select a confocal microscope for BULLETTRAX-3D 

 



Automated Acquisition Sequence 

• 3D resolution: 

– ∆X = 3 um, ∆Z = 0.2 um 

– NIST bullet, digital profiles 

 

 

 

• Many sensors with such 

resolutions on the market  

 

 The real challenge:  



Automated Acquisition 
Sequence 



Automated Acquisition Sequence 
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1-Boundary point 

2- Rotation 

a= 9.5o  ,   40 patches  (9mm) 
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Rotation Mode Only (Pristine shape, well positioned) 
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Bullet Acquisition Sequence 

Symmetry 
Axis 

Rotation 
Axis 

• User positioning variation (Pristine bullet)  

R      Sa 






– Positioning variation 

• Worse for small caliber (0.17)  



Automated Acquisition Sequence 
Rotation Mode Only (pristine shape, off-axis ||=1mm) 

NIST bullet 
1st Lea profile 



Automated Acquisition Sequence 

1- Rotation mode only: 

 Not sufficient for acquiring all pristine bullets 

 

2- Must Minimize occlusion 

Topography must be perpendicular to the optical axis 

 

3- Solution: Combination of Rotation and 

Translation: 

 Motorized Repositioning 

N


N


Occlusion 



Repositioning (Deformed shape, Off-axis ||=1mm) 

Automated Acquisition Sequence 



• This algorithm has been implemented in 
BULLETTRAX-3D for deformed bullet acquisition. 
– 3 years of R&D 

Automated Acquisition Sequence 

1 

2 

3 



a 

b 

c 

a b c 

Automated Acquisition Sequence 
 
• Test: 3 levels of deformation 

of the same bullet 

 

 



Splitting the Topography 
Resolution 



Two Levels of Details 
 

 Low resolution details (form / waviness) 

– Details that we can see (>>> 1 µm) 

 

 

 

 

 High resolution details (roughness) 

– Details invisible to the human eye (~1 µm) 

 

 

 

 

 

 

 

Splitting the Topography Resolution 



4- Splitting the Topography Resolution 

T1=W1+R1 

T2=W2+R2 

T1=W1+R1 

T2=W1+R2 

T1=W1+aR1 

T2=W1+aR2 

a=2 

T1=W1+aR1 

T2=W1+aR2 

a=3 



Comparison Process 
 



The Comparison Process (correlation) 

• Trade-off scenario 
– Natural variation between known matches 

– Variation between known non matches 

 

– Compromise: Minimize false positive and false negative 

 

• 3 correlation algorithms 
– Cut/Button, 4 calibers    (2005) 

• 80% in Top 10, Copper jacketed 

• 60% in Top 10, Lead 

– Regular Polygonal, 3 calibers   (2010) 
• 25% in Top 10 

– EBIS polygonal          (2011) 
• 100% in Top 3 

 

• Training set :  
–  >1500 KM pairs 

–  > 100 KM pairs per caliber  

 



Achievement: 
Solving a Difficult Case 



Achievement 

• Rocky Edwards, from Santa Anna, came at the 
office 2 years ago 
– Gurney Case: the most difficult case he had to work on in 

25 yrs. 

 

• The murderer scratched the barrel of his gun, 
thinking that the test fire bullets would be in poor 
conditions … and he was right! 

  

• Rocky made a barrel cast and brought it to FT with 8 
test fires and 3 pieces of evidences. 

• We acquired them all on BULLETTRAX-3D and put 
them on the IBIS Comparison Microscope-3D.   



  17 bands on the ICM-3D 

 Gurney Case 
• Barrel casts : 6 bands 

• Evidence : 3 bands 

• Test fired  /Pb : 6 bands 

   /Cu : 2 bands 

 

 Achievement 



Conclusions 



• Captured raw data: 

• Capturing a single 3D patch is not a challenge anymore 
 

 

• Rotation Mode is not sufficient even for pristine bullets 
 

 

• Splitting topography resolution improve visual analysis 
 

 

• Achievement:  
 

 

Conclusions 



Thank you 


