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FOREWORD

This document describes the history of the development of the Joint Architecture for Unmanned Systems (JAUS). The
JAUS Domain Model contains the rationale for the direction of the JAUS development effort and is included as an
appendix. This document serves as a historical reference only and not as part of the AIR5665 Architecture Framework for
Unmanned Systems.
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1. SCOPE
1.1  Purpose

The purpose of this SAE Aerospace Information Report (AIR) is two-fold: to inform the reader of the extent of effort that
went into the development of the Joint Architecture for Unmanned Systems (JAUS); and to capture for posterity the
domain analysis that provides the underpinnings for the work by the AS-4 Committee (Unmanned Systems).

1.1.1  Extent of Effort to Develop JAUS

This history visits the important milestones in the development of JAUS. From its beginnings in the Joint Project Cffice for
Unmanned Ground Vehicles/Systems (UGV/S JPQ) in 1995 to its adoption by SAE Aerospace Avionics Systems Division
(ASD) as the Unmanned Systems Committee (AS-4) in 2004, JAUS has gained wide acceptance by government
agencies, industry and academia, and has benefited from direct involvement in its development by those same
organizations. Figure 1 shows the major events in the development of JAUS.

1.1.2  Capture Domain Analysis

The research and analysis performed early in the life of JAUS was captured and distilled in the Domain Model (DM), a
document that describes the domain in which JAUS was to be applied. The Domain Model includes analysis of previous
work, details the important constraints on JAUS and provides common vocabulary for unmanned systems. The DM
includes a domain analysis that defined the scope of JAUS and described its rationale. As the JAUS transitions to the
SAE AS-4 Committee, this domain analysis was not being transferred to any particular AS-4 technical document.
Therefore, this AIR was prepared to capture that analysis. The text of the JAUS Domain Model version 3.2 appears as
Appendix A

2. REFERENCES

There are no referenced publications specified herein.

3. HISTORY OF JAUS

3.1 JAUGS Initiated by the UGV/S JPO

October 1995

In October 1995, the Unmanned Ground Vehicles/Systems Joint Project Office (UGV/S JPQ), later renamed the Robotic
Systems JPO, within the United States Department of Defense, initiated the development of the Joint Architecture for
Unmanned Ground Systems (JAUGS). The UGV/S JPO had a need to define a standard that would reduce the cost of
development and increase the interoperability between two of their simultaneous, ongoing UGV acquisitions.

Nearly all unmanned systems were ‘stove-pipe” designs — they were self-contained and could not interoperate with
systems of ancther vendor. One vendor's contreoller could not work with another vendor's vehicle. Integration was difficult
and costly. Training had to be duplicated for each system. There was danger of vendor lock-in. And the process of
acquiring new systems was made more costly by having to specify many aspects of the unmanned systems that might

otherwise be specified by a standard.

Faced with these and other problems, the UGV/S JPO needed to find possible solutions. To that end, they initiated the
development of JAUGS. Figure 1 shows the major events in the development of JAUS.
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3.2 First Documents Released
Summer 1997

JAUGS development resulted in the release of two technical documents — the Domain Model (DM) and the Reference
Architecture (RA). (See Appendix A for the text of version 3.2 of the JAUS Domain Model.)

The Domain Model (DM) defined the scope and requirements of JAUGS, namely that it would focus on messages. The
DM also served as a rationale document to justify ongoing work on JAUGS and examined related work in the area of
unmanned systems, providing a vocabulary of capabilities and defining the model on which the messages would be
developed.

Released around the same time as the Domain Model, the JAUGS Reference Architecture (RA) provided specifics on
how unmanned ground systems could interoperate with a published set of messages. This included defining details about
message transfer conventions and defining in detail the message formats. The RA defined an interoperability standard for
unmanned ground systems.

JAUS Timeline

(4s of 2005 Nov 14)

OSD recharters
Voting and change JAUS, includes all
Events OSD charters control are classes of unmanned SAE adopts
JAUGS WG formalized systems JAUS as AS-4
JAUGS initiated 1" JAUGS JRP mandates Configuration Navy mandates
WG Meeting JAUGS for all Mgt instituted JAUS for
UGV projects UUV/USV
| 1995 | 96 ‘98 I 99 2000 I 01 I 02 I 03 I ¢ | 05
Documents ‘ DM 1.0 |[RA1{RA12 [RAZO DCP 1.0 RA 3.0 i
RA 1.0 SOP 10 SOP 1.3 SOP 1.5 |
! DCP 1.1 . :
Legend l SP 1.0 ! I
V i ! !
......... Working Group Meecting l | |
DM...... Domain Model : | |
RA ... Reference Architecture  ||"— " —" l_ = 1= == L. S i L -
SOP.......Standard Operating Procedures Message | H CE’C_I O_EXE 1 I L CLPC_ZS_EXE _! I
DCP......Document Control Plan R_OUtngXPi| r ......... |__ [mrmr——— I
SP .........Strategic Plan OPC 20Expt | - OPC 2.75 Expt |
CS.vee Compliance Speciﬁcatim} Experiments '''''''''''''''''''''
OPC......OCU & Payloads Committee
FIGURE 1 - JAUS TIMELINE

Document Sharing Hub

Full document details: SAE AIR5664A


http://www.avadocuments.com/doc/sae-air5664a
http://www.avadocuments.com/doc/sae-air5664a

SAE AIR5664A Page 4 of 23

3.3 Working Group Initiated

December 1997

The UGV/S JPQ, wanting to obtain feedback and attain broader involvement in the development of the JAUGS
documents, formed a working group from a wide range of government agencies with interest in unmanned systems. (See

Table 1 - Working Group Meetings.) The JAUGS WG became the forum in which the development of JAUGS occurred.

The working group held its first meeting at the National Institute of Standards and Technology (NIST). At the meeting, it
was decided to open participation to industry and academia.

3.4 JAUGS Chartered and Mandated by OSD

February 1998

The Office of Secretary of Defense (OSD) Joint Robotics Program (JRP) officially issued a charter for the JAUGS
Working Group (JAUGS WG). The charter stated the working group’s primary objective to be developing, implementing
and sustaining a joint architecture for the domain of unmanned ground systems. Membership in the working group by

many government agencies was required, and participation from industry, colleges and universities was permitted.

Following the OSD charter, the JRP issued a mandate requiring that all of the programs it managed must comply with
JAUGS.

TABLE 1 - JAUGS/JAUS WORKING GROUP MEETINGS

Full document details: SAE AIR5664A

Date

Location

12-18-1997

Gaithersburg, MD

02-12-1998

Panama City, FL

03-16-1998

Denver, CO

04-29-1998

Huntsville, AL

07-14-1998

Aberdeen Proving Ground, MD

10-06-1998

Huntsville, AL

03-31-1999

Huntsville, AL

07-12-1999

Gaithersburg, MD

10-26-1999

Gainesville, FL

01-25-2000

San Diego, CA

05-23-2000

Indian Head, MD

12-06-2000

Huntsville, AL

03-29-2001

Panama City, FL

07-17-2001

Albuguerque, NM

12-06-2001

Waltham, MA

03-12-2002

Gainesville, FL

10-31-2002

Gaithersburg, MD

02-13-2003

Huntsville, AL

05-01-2003

San Diego, CA

08-14-2003

Chicago, IL

12-11-2003

Huntsville, AL

04-13-2004

St. Louis, MO

05-13-2004

Boston, MA

08-24-2004

Pittsburgh, PA

11-01-2004

Reno, NV

01-18-2009

Salt Lake City, UT

04-18-2005

Savannah, GA

07-26-2005

Chicago, IL

10-11-2005

San Diego, CA
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3.5 Experimentation Began
July 1999

Experimentation validates standards. In particular, interoperability standards can be validated in a controlled,
experimental setting with multiple systems communicating in a manner that complies with the standard under test.

The first experiment to validate the JAUGS standard was conducted between NIST and U.S. Army Aviation and Missile

Research, Development and Engineering Center (AMRDEC). The experiment tested the Message Routing System of the
RA over an internet connection

3.6  Working Group Process Formalized

As the JAUGS WG became larger and as the JAUGS standard was receiving wider acceptance, the JAUGS WG adopted
formal processes, including voting procedures, that gave assurances that all WG members had an equal voice in the
development of JAUGS.

3.6.1  Voting Procedures Adopted:
November 2000

The JAUGS WG adopted a set of Standard Operating Procedures, modeled after those of commercial standards bodies.
These operating procedures granted voting privileges to all JAUGS WG members including industry and academia.
Procedures were adopted for every aspect of working group activity, from approving new versions of standards
documents to selection of officers, even including the updating of the Standard Operating Procedures, themselves.

3.6.2 Configuration Management Adopted
June 2001

Seeing the need for controlled and orderly release of evolving versions of standards documents, the working group
released a Document Control Plan (DCP). The DCP defines the process to modify documents, including the submission
of inspection forms detailing errors and omissions in a specific document version, text and location of the desired change,
and a rationale for the change. Each change would be voted on by the membership and applied to the document by the
document’s custodian for inclusion in the next version.

3.63 Strategy Documented

March 2002

The working group released the Strategic Plan, laying out its vision and goals. Among the goals were to embrace all
classes of unmanned systems, to standardize payloads and centrol units, and to transition to a commercial, international
standard.

3.7 Domain Broadened to All Unmanned Systems

August 2002

Four years after the formal creation of the JAUGS WG, the OSD expanded the charter to make the standard compatible
with all classes of unmanned systems. To that end, the working group and the standard were renamed to Joint
Architecture for Unmanned Systems (JAUS).

The new charter also called for the working group to strive for education, acceptance, and adoption by these new

unmanned systems communities (Unmanned Air Vehicles — UAVs, Unmanned Surface Vehicles — USVs, Unmanned
Underwater Vehicles — UUVs, and other types of Unmanned Systems — UMSs).
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Equally as important, the charter specifically called for the working group to transition JAUS to a commercial, international
standard. This transition was seen as necessary by the working group in order to improve technical viability and utility, to
increase user and commercial acceptance, and to establish commercial viability.

3.8 Compliance Defined

July 2004

The JAUS WG released the Compliance Specification defining compliance as the verification that the message traffic
between JAUS elements meets the RA standards. It also defined several levels of compliance depending on at which
level in the architecture the exchange of JAUS messages can occeur.

3.9 Move to Open Commercial Standards

April 2004

In accordance with its charter and its Strategic Plan, the JAUS WG sought and achieved adoption by the SAE Aerospace
Avionics Systems Division (ASD) as the Unmanned Systems Committee (AS-4). This adoption set the stage for the
eventual transition of JAUS to an open, international standard.

3.10 Summary

The JAUS WG, and now, AS-4 Committee is focused on developing an open standard to support the interoperability of
UMS. Many agencies and corporations have worked diligently to ensure that JAUS supported interoperability without
dictating the implementing technologies or engineering solution. Appendix A documents the technical rationale for JAUS
and the technical model for the message development.

4. NOTES

41 Key Words

JAUS, Joint Architecture for Unmanned Systems, unmanned, unmanned vehicle, robot, robotics, unmanned system.

PREPARED BY SAE SUBCOMMITTEE AS-4A, ARCHITECTURE FRAMEWORK, OF
COMMITTEE AS-4, UNMANNED SYSTEMS
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APPENDIX A - JAUS DOMAIN MODEL
Below is the text of the JAUS Domain Model revision 3.2 issued 2004-09-09.
A PREFACE
This document defines the scope of the Joint Architecture for Unmanned Systems (JAUS), the rationale for the scope,
and the definition of the requirements. The Domain Model is intended for use by product developers, customers/users,
and researchers. Product developers work with customers/users to define the capabilities that JAUS must support.
Product developers work with researchers to focus research efforts on capabilities with no known solutions.
Dcmain: A set of relevant information, potentially including beth entities and processes, over which an analysis is defined.
Product Developer: Organization that decides the material solution to meet the customer/user requirements.
Customer/Users: Organization that defines system capabilities and who will operate the final product.

Researcher: Organization that seeks a technical approach to a problem with no known or adequate solution.

Architecture: The structure or structures of unmanned systems, which comprise of software elements, externally visible
properties of those elements, and the relationships among them.

Intercperability: The ability of two or more subsystems to exchange information and to use the information that has been
exchanged.

Operator Control Unit: A human interface device allowing a human operator to contrel an unmanned vehicle.

Payload: A component or set of mission oriented compenents carried by an unmanned system not necessary for vehicle
operation.

JAUS: A common language consisting of well-defined messages, enabling internal and external communication between
unmanned systems.

Mission planning: Mission goals, pertinent supporting information, limiting factors, and vehicle parameters gatherad from
components or subsystems needed by unmanned systems to carry out the mission.

A1 Definition of Domain Model

Within JAUS, the domain model is a representation of the unmanned systems’ functions and information, built for the
purpose of defining the JAUS requirements.

A1.2 Document Overview

This documented is comprised of the following sections:

Introduction — States the problem and defines the JAUS Domain, including JAUS objectives and constraints.
Domain Analysis — Assesses the problem domain, evaluates existing architectures and defines a solution.
JAUS Scope — Defines the scope and technical approach of JAUS.

Capability Model — Defines current and future customer/user requirements.

Reference — Applicable references.

Glossary — Definition of terms used throughout this document.

Acronym List — Addresses the document acronymes for a quick terminology reference. Documents
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