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Metrology from an International Perspective 
 

• The Bureau International des Poids et Mesures (BIPM) is the 
International Bureau of Weights and Measures 
 

• The BIPM: 
 Established by the Metre Convention (1875) 
 Headquartered near Paris 
 Financed by the Member States  

 US as an original member of the treaty of the meter 

 Provides a single, coherent system of measurements throughout 
the world traceable to the International System of Units (SI) 
 Direct dissemination for mass and time 

 Coordinates intercomparisons of national measurement 
standards 
 Ionizing radiation and electricity 

 
 http://www.bipm.org/en/home/ 

http://www.bipm.org/en/home


International metrology 
 

• The International Committee for Weights and Measures (CIPM) 
executes the supervision of the BIPM 

• In 1999, the CIPM Mutual Recognition Arrangement (MRA) was 
signed by NIST and 37 other National Metrology Institutes to ensure: 

• Acceptance of measurement results of the signatories 
• Providing a framework of intercomparisons to ensure the acceptance of the 

national standards 
• Enabling the institutes to maintain quality management systems for the 

measurement services 

• NIST representation at CIPM: 
• NIST Associate Director for Laboratory Programs, Dr. Willie May, is 

the Vice President of the CIPM 
• PML Deputy Director, Dr. James Olthoff, is the chair of the Quality 

System Task Force (QSTF) of SIM (the regional metrology 
organization of the Americas) 

• NIST technical experts provide leadership and representation on the 
consultative committees established by the CIPM in the given 
measurement areas (typically mirror the SI units) 

 



The seven base SI units as defined by the Metre Convention: 
 

 Length (meter) 
 Mass (kilogram) 
 Time (second) 
 Electrical current (ampere) 
 Temperature (kelvin) 
 Amount of substance (mole) 
 Luminous intensity (candela) 

• Length is no longer defined in terms 
of the meter bar 
 

• Redefined in 1983 to be the 
distance light travels in a vacuum in 
1 / 299,792,458 of a second 

SI dependency 



metrological traceability: 
 
 

property of a measurement result whereby the result can 
be related to a reference through a documented unbroken 
chain of calibrations, each contributing to the 
measurement uncertainty. 
 
International Vocabulary of Metrology (VIM), JCGM 200:2012 
http://www.bipm.org/en/committees/jc/jcgm/wg2.html 

http://www.bipm.org/en/committees/jc/jcgm/wg2.html


NIST role  
 

• The mission of NIST is to promote US innovation and industrial 
competitiveness by advancing measurement science, standards, 
and technology in ways that enhance economic security and 
improve our quality of life. 

•  
NIST is the National Metrology Institute (NMI) for the United 
States. 
 

• NIST’s calibrations and measurement capabilities (CMCs) are 
internationally recognized 

•  Appendix C of the CIPM MRA (NIST has more capabilities than any 
other NMI) 



Needs for calibration & traceability in Forensic Firearms 
Analysis 

 

• Testing Laboratories need an artifact/standard to 
calibrate instrumentation and/or verify operation of their 
measurement systems thereby ensuring a means to 
provide: 
• Quality Assurance aspects to the measurement process 
• Metrological Traceability 



NIST Standard Reference Materials 
 

• Standard Reference Materials (SRMs) are certified reference 
materials issued under the NIST trademark 

• All SRMs have a certified value and associated uncertainty 
estimate 

• NIST has several thousand different SRMs covering many 
different scientific areas 

 
 

http://www.nist.gov/srm/ 

http://www.nist.gov/srm/


SRM 2460 Standard Bullet 
 

Design Requirements: 
• Needs to look like a “real” bullet (physical shape, color, etc.) 
• Similar land impressions to those of real bullets 
• High degree of similarity from one standard bullet to the next 
• Durable 
 

Six master bullets used for topography measurements 
Three from ATF, Three from FBI 



Stylus profilometer 
measurements of master 

bullets result in digital 
profiles of bullet LEA’s 



Standard Bullets manufactured using 
a numerically controlled diamond 

turning operation 



A) One of the six master bullets used for topography measurements 
B) Prototype standard bullet 
C) SRM 2460 Standard Bullet 

Standard Bullet mounted on holder 

SRM 2460 Standard Bullet 

                       B 
 
 
  A                                       C 



SRM 2460 Standard Bullet 
 

Measurement setup for NIST bullet signature measurement system: 
1) Diamond stylus; 2) Standard bullet; 3) Bullet holder; 4) Rotary 
stage; 5) Horizontal rotary stage; 6) X-Y stage. 
 

2D measurements by calibrated stylus profilometer 



SRM 2460 Standard Bullet 

Surface Profile measurements from the six lands on the Standard Bullet 
(after digital Gaussian filtering and curvature removal) 

Virtual Signature Standards for the Standard Bullet 



SRM 2460 Standard Bullet 
Example Correlation Analysis of a Standard Bullet (Land 1)  

versus the Virtual Signature Standard 

Virtual Signature 
Standard 

SRM 2460-004 

CCF = 99.44% 
 



SRM 2460 Standard Bullet 

Statistical Analysis of SRM2460 bullets # 1-40 showing above 99% 
correlation to the virtual signature standard 

Correlation Analysis of the Standard Bullets versus the 
Virtual Signature Standards 



SRM 2461 Standard Casing 
 

Design Requirements: 
• Needs to look like a “real” casing (shape, size, color, etc.) 
• Must contain the three commonly used regions of interest (Breech 

Face, Firing Pin, Ejector Mark) 
• High degree of similarity from one standard casing to the next 
• Durable 
 



SRM 2461 Standard Casing 
 

 • Casings made using a metal electroforming process: 
- Negatives are made from a master casing 
- Positive replicas are then made from the negatives 

SRM Casings made from electroform process 



SRM 2461 Standard Casing 
 

 Confocal microscope used to image 3D casing topography 



Firing Pin 

Breech Face 

Ejector mark 

Topography Images for 
the Standard Casing 



SRM 2461 Analysis – Firing Pin 

Processing steps: 
• Removal of outlier data 
• Digital Gaussian Filtering 
• Image registration 
• Correlation 

Correlation program showing an example Firing 
Pin correlation 

Correlation scores of 2461-153 (Firing Pin 
Master) versus population set 



SRM 2461 Analysis – Breech Face 

Processing steps: 
• Trimming 
• Removal of outlier data 
• Digital Gaussian Filtering 
• Image registration 
• Correlation 

Correlation program showing an example 
Breech Face correlation 

Correlation scores of 2461-155 (Breech Face 
Master) versus population set 



SRM 2461 Analysis – Ejector Mark 

Processing steps: 
• Trimming 
• Removal of outlier data 
• Digital Gaussian Filtering 
• Image registration 
• Correlation 

Correlation program showing an example 
Ejector Mark correlation 

Correlation scores of 2461-260 (Ejector Mark 
Master) versus population set 



Traceability Chain  

NIST 

NIST Bullet/Casing Signature 
Measurement System 

2D/3D Nat’l Virtual 
Signature Standards 

Bullet – 2D Profiles 
Casing – 3D Topography 

Nat’l Physical Bullet/Casing 
Signature Standards 
SRM 2460 Std Bullet 

SRM 2461 Std Casing 

Local Forensic Laboratories 
SRM 2460-xxx, SRM 2461-xxx 

NIST Check Standards 
SRM 2460-001 

SRM 2461-153, -155, -260 

SI unit of 
Length (Meter) 



NIST Statisticians participated in the analysis of the 
uncertainty estimates and control values, and 
preparation of the Certificate. 
 
Both SRMs and their Certificates include User 
Guides as appendices 



Quality Control  
Example control chart showing day to day measurements of the SRM 
2460 Standard Casing 
 

• Dynamic Control Limit provides early warning that there may be a 
problem with the measurements or process. 

• Fixed Limit is the lower boundary.  Measurements below this should 
be investigated immediately for root cause. 

Breech Face scores shown, using FTI’s IBIS microscope system 



Thank you 
 

Questions? 

T. Brian Renegar 
National Institute of Standards and Technology 
100 Bureau Drive, Mail Stop 8212 
Gaithersburg, MD  20899-8212 
(301) 975-4274 
brenegar@nist.gov 
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