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Project Benefits:
Enable Knowledge Discovery

Make it easy for users to find relevant information from 
NASA programs quickly

Provide easy access for NASA Web resources 
Information integration for unified queries and management 
reporting
Enable semantic search across repositories
Enable the ability to move content through the enterprise to 
where it is needed most
Facilitate Records Retention and Management 

Comply with E-Government Act of 2002
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NASA Taxonomy Best Practices
Best Practices increase interoperability

and extensibility
Faceted Classification Schema

Facets give flexibility and power
Modular in nature for easier maintenance
Can tag what is appropriate to the use case

Polyhierarchy
Concepts can appear more than once
Enables knowledge discovery from multiple viewpoints
User-centric organization
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NASA Taxonomy Best Practices

Hierarchical Granularity
Different levels of depth depending on attribute set and 
content 
The NASA taxonomy is broad in nature by design
Integration points allow for mapping of local vocabulary 
terms back to larger semantic framework

Enables schema reconciliation
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NASA Taxonomy Best Practices

Use of Standards
Incorporates existing federal and industry 
terminology standards like NASA AFS, NASA CMS, 
FEA BRM, NAICS, and IEEE LOM
Complies with metadata standards like Z39.19, ISO 
2709, and Dublin Core
Political buy in from domain experts and Communities 
of Interest
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NASA Taxonomy Best Practices

Mapping Aliases
Librarian approach allows for a meaningful 
expression of relationships
Synonyms, acronyms, related terms, broader and 
narrower terms
Easily maintained in derived RDF files

Example: MER A=Spirit, MER B=Opportunity
Example: JIMO = Jupiter Icy Moons Orbiter = 
Prometheus 1

A means of holding our institutional memory
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Facets Strategic  Value

Access Requirements Sensitivity and access control

Audiences Who is the content intended for

Business Purpose Why the content was created

Competencies Relevant field or discipline 

Content Types The genre of the content

Industries External partners & businesses

Instruments Flight payloads that yield science

Locations Sites where work occurs – on and off Earth

Missions/Projects NASA’s lines of business

Organizations NASA organizations

Subject Categories The topic of the content

Expressing Strategic 
Value With Semantic Frameworks
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NASA Specific Metadata Fields

NASA has data sets unique to its business

Definition NASA Taxonomy 
Mapping

Value
Sets

Missions and 
Projects

Business Purpose

Competencies

Industries
From NAICS 
standard

NASA missions and 
projects

nasa:missionsProjects

Business purpose nasa:businessPurpose

Technical competencies nasa:competencies

Standard industry 
categories

nasa:industries
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NASA Taxonomy Website and Resource

Background and 
training materials

Links to 
Controlled 

Vocabularies

Link to Metadata 
Specification

Link to XML DTDs
and RDFs

http://nasataxonomy.jpl.nasa.gov
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Project Outcomes:
NASA Taxonomy Benefits

Metadata specification for all NASA content publishers
RDF schema published with agreed standards (to enable 
appropriate use and reuse)
Semantic enhancement of search engines
Integration with NASA portal content management 
system 
Integration with Web Site Registration System
Application in many technical areas, including 
engineering and science disciplines (STEP and science 
data dictionaries)
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A Case Study

Applying Controlled Vocabularies
to Develop Semantic Search for JPL 

Flight Projects
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JPL Projects Today

Engineering 
Repositories

Electronic 
Libraries

E-Mail Archives
Financial Databases

Parts 
Catalogues

Problem 
Reporting
System

Where do I find it?
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Semantic Frameworks Enhance 
Enterprise Information Architecture 

A unified view of the project information space 
Abstracted away from any particular technology or repository
Able to handle “harmonization” between repositories according 
to a larger point of view

Semantic frameworks allow for mappings of data 
elements to larger vocabularies

Semantic relationships require more than simple controlled 
vocabularies
RDF statements allow specification of relationships for rules 
based inferencing and richer use
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Semantic Engineering Solution Enablers

An integrated semantic architecture that mirrors the 
enterprise architecture and is made up of several semantic 
components:

Common Metadata specification
Core Metadata Specification for JPL Project Documentation

Common language or controlled vocabularies
By discipline, product, and process, etc.
NASA Taxonomy, JPL Taxonomy
Ontologies of various knowledge domains

Standards and registries for consistency and discovery
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Unified Project Search
Integrating JPL Engineering Repositories

Case Study Goal: Allow Cassini flight project operations 
teams to match anomalous behavior from spacecraft 
to engineering design specifications for problem 
resolution.

1. Characterize targeted databases/repositories
Problem Failure Reporting System, Electronic 
Libraries, PDMS, Risk Management DB, et. al.

2. Create RDF from data architectures
3. Queries identify fields of interest using semantic 

properties and return integrated result sets
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Cassini Sample of Unified Search
Collections: Problem Failure Reporting System and 
the Cassini Electronic Library 

Not a common metadata schema
PFR:

Project Name
Anomaly Type
Subsystem
Report Status
Date

CEL:
Project Name
Content Type
System
Project level
Responsible Team/WBS
Date
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Siderean Software tool Seamark used
for faceted browse and navigation
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CEL and NASA 
Taxonomy
Content Type
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PFR Anomaly Type
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NASA Taxonomy 
Transitioned to a JPL Taxonomy

NASA Taxonomy

Content Types
- Designs and Specifications

- Quality Control 

- Problem Failure Report
- Incident Surprise Anomaly
- Corrective Action Notice

JPL Taxonomy

Combined through RDF
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Reconciling Schema

NASA Taxonomy terms 
for engineering documents JPL Taxonomy term extensions 

for engineering documents
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PFR Content Types merged with 
NASA Taxonomy to create JPL
Taxonomy

Mapping local vocabularies 
back to a common framework
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Quality Control records as 
a sub-type of Designs and 
Specifications from the 
NASA Taxonomy
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JPL Problem Failure Reporting 
Content Types displayed as a Sub 
Term of Quality Control 

Integrating Center Taxonomies 
to Create a Common NASA Vocabulary
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Cassini Data Rationalization

Collections: PFR System and the Cassini Electronic Library 
Mapping fields to each other using semantic hierarchies

Search and Browse the catalogue by:
Project Name
Content Type
System
Subsystem
Responsible Team/WBS
Date

Next terms mapped to
each other using an existing 
spacecraft bus ontology.
Next facet added was Instruments.

Collection
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Final Results 
of Data Harmonization for Cassini

A system whereby the user can browse all documents relating 
to the Cassini camera and its subsystem independent of any 
particular repository’s search engine.
Harmonization achieved by mapping terms to a common 
vocabulary (the Taxonomy)
Could browse by:

System, Sub-system
Instrument
Content Type – PFRs, ECR’s, Designs Specs, etc.
WBS or Responsible Team
Date
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Summary

Controlled vocabularies together with semantic 
technologies offer us many new ways to integrate 
information that have not been available to us before

Information models are enhanced by using RDF 
which allows us to specify relationships between 
terms and also concepts (ontologies)



Thanks For Your Time!

Jayne Dutra
Jet Propulsion Laboratory, NASA

Jayne.E.Dutra@jpl.nasa.gov
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Back Up Slides
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Notional Semantic Architecture

User with a query

Semantic Applications
Interaction Logic
Application Logic
Semantic Interface

Semantic Hub
Components

Mapping Mapping Mapping Mapping

Schema 
Translation

Models

Enterprise 
Ontology
Models

Query 
Ontology
Models

Metadata 
Rationalization

Rules

JPL Directory Docushare PDMS PFRS



32

Some Business Rules for Schema
Reconciliation Across Domains

Rule 1.
Where a single, authoritative reference 
source defines the values that may be used

This is called “Harmonization”
Example: the names of JPL’s missions and projects
Held in a CVA (controlled vocabulary authority file) 
for use by developers
Could be available through a Metadata Registry
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Some Business Rules for 
Reconciliation Across Domains

Rule 2.
Where the characteristics of an attribute are 
consistent across sources 

Example: Author = Creator
Example: Responsible Team = WBS

Or
The notion of equivalencies

Example: MER A=Spirit, MER B=Opportunity
Example: Section 366 = Section 372
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RDF Holds Equivalencies 
and Related Terms

Defining Equivalent 
Terms in RDF

Acronyms are easily 
defined using Equivalent 
Terms or Synonyms in 
RDF



35

Some Business Rules for 
Reconciliation Across Domains

Rule 3.
Where distinctions in metadata values do not 
add value for users 

Example: Highly technical or very granular 
attributes important to a narrow set of domain 
users may not have much significance to a wider 
audience
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Some Business Rules for 
Reconciliation Across Domains

Rule 4.
Where rationalization makes search more 
efficient for users without compromising the 
integrity of the data 

Example: Mapping Section 319 document types to 
the JPL or NASA Taxonomies
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Distinctions between 
Project Content Types

Agreements can be Memos of Agreement 
or Memos of Understanding
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