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Manufacturing Systems Integration Division

Will continue to invest in
• Systems Integration for Manufacturing and 

Construction Applications (SIMCA)
– Information Modeling & Testing

• Product Manufacturing Information (PMI) Modeling & Testing

Apps
• Smart Manufacturing

Systems (e.g., STEP NC)
• Physical & Computational

Metrology (e.g., CMM)
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DARPA and DDR&E Initiatives

• DARPA GRID (Geometric Representation 
Integrated Dataspace) Initiative
– Program Manager: Todd Hughes

– Mathematical foundations and pragmatic implications 
for a standard to integrate Manufacturing, Military & 
Medical geometric information.

• DDR&E Systems 2020 Initiative
– More from Scott Lucero later today …

– Model Based Engineering (MBE) is a key component 
of Systems 2020.
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GRID-Compatible Representations for Manufacturing  
(with a view towards ISR and Medical Imaging)

• Negotiate diversity of purpose :  generality vs. 
application-specific needs

• Reconcile different scales and resolutions in shape 
representation and evaluation 

• Quantify criteria and methods for ingestion of 
sensory data and shape comprehension

• Surveying the field and high level conceptualizations 

• Identifying  high impact applications and research 
issues

• Fleshing out fundamental abstractions supported by 
rigorous mathematics

• Identifying gaps and opportunities

Leverage existing approaches, exploit gaps

Government Partner Technical Performer

KEY CHALLENGES PERFORMERS

OBJECTIVES

• Rigorous semantics for GRID 
• Efficient encoding & decoding
• Presentation formats of progressive fidelity

STATUS

EVALUATION       SHAPE      COMPREHENSION

NIST (V. Srinivasan) C. Hoffmann, Purdue  U.
V. Shapiro, U. of Wisconsin
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PMI: The big picture …

ISO & ASME issue PMI (inc. GD&T) 
standards

CAD vendors implement them
- First in drafting mode
- Then in 3D models (data models), sometimes…

ISO develops exchange standards
- STEP
- PDF
- JT ?

Software vendors implement exchange 
standards
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PMI 1.0 (Pre-Dec. 31, 2009)

ISO & ASME issue PMI (inc. GD&T) standards

CAD vendors implement them
- First in drafting mode
- Then in 3D models (inc. data models), 

sometimes…

ISO develops exchange standards
- STEP
- PDF
- JT ?

Software vendors implement exchange 
standards

√

√

In progress

In progress
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We have traditionally run our manufacturing industry using information 
about engineering objects in the form of drawings and documents

• Engineering drawing with
GD&T, surface texture,
and annotations

• NIST is actively
involved in developing
standards for

− PMI and their related
− Measurements and

inspection

ASME Y14.5
ASME Y14.5.1
ASME B 89
ASME B 46
ISO 1101
ISO TC 213

9



Now we want to run our manufacturing industry using 
information about engineering objects as models

• 3D CAD models with
GD&T, surface texture,
and annotations

• NIST is actively
involved in developing
standards for

− 3D models for 
nominal parts, and 

− models for PMI

ISO STEP
ASME Y14.41
ISO 16792
ISO TC 213
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PMI Semantics Validation Testing

• Contracted with ITI TranscenData through 
SCRA
– Additional support from LOTAR and CAx-IF

• Project objective: Accelerate commercial 
development of STEP PMI translators by 
providing comprehensive semantic validation.
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PMI 2.0 (Post-Jan.1, 2010)

ISO & ASME issue PMI (inc. GD&T) standards

CAD vendors implement them
- First in drafting mode
- Then in 3D models (inc. data models), 

sometimes…

ISO develops exchange standards
- STEP
- PDF
- JT ?

Software vendors implement exchange 
standards

In progress

In progress
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There will be many ways to define and 
measure size
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ISO 1101: 2004 Amendment 1
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ISO 1101: 2004

ISO 1101: 2004 AM1



The GD&T language will get richer by an 
order of magnitude (ISO 1101:2004 Amd 2)
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0,02 GQ Semantics ?

New symbols (syntax) require new 
definitions of their meaning (semantics)
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ASME vs ISO: Where do we stand?
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ISO 14405
ISO 1101 Am1 & 2

+ ISO …
ASME Y14.5-2009

+ ASME Y14.41-2003
+ ASME …

ISO 1101: 2004 
+ ISO …PMI 1.0

PMI 2.0



Q & A
Thank You!
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