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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 This document serves as a historical reference only and not as part of the AIR5665 Architecture Framework for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
organizations. Figure 1
1.1.2  Capture Domai
The research and anal
document that describe
work, details the impo
includes a domain ana
SAE AS-4 Committee,
Therefore, this AlIR was
Appendix A

2. REFERENCES

There are no reference

3. HISTORY OF JAUS

3.1 JAUGS Initiated &

October 1995

In October 1995, the U
Systems JPO, within th
Unmanned Ground Syq
development and incred

| academia, and has benefited from direct involvement in its develop
shows the major events in the development of JAUS.

N Analysis

sis performed early in the life of JAUS was captured and distilled in the [
s the domain in which JAUS was to be applied. The Domain”Model includg
tant constraints on JAUS and provides common vogabulary for unmann
ysis that defined the scope of JAUS and describedtits rationale. As the J
this domain analysis was not being transferred\to any particular AS-4
b prepared to capture that analysis. The text of the JAUS Domain Model

| publications specified herein.
D

y the UGV/S JPO

hmanned Gpetind Vehicles/Systems Joint Project Cifice (UGV/IS JPO), late
e United States Department of Defense, initiated the development of the
tems (JAUGS). The UGV/S JPO had a need to define a standard that wo
se therinteroperability between two of their simultaneous, ongoing UGV acq

ment by those same

omain Model (DM), a
s analysis of previous
ed systems. The DM
AUS transitions to the

technical document.
ersion 3.2 appears as

renamed the Robotic
Joint Architecture for
LId reduce the cost of
Lisitions.

Nearly all unmanned 4

yq’rpmq were “q’rn\/p-pipp” dpqignq — ’rhpy 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.

ame time as the Domain Model the JAUGS Reference Architecture (RA
systems could interoperate with a published set of messages. This include
entions and defining in detail the message formats. The RA defined an inter
PMS.

Released around the
how unmanned ground
message transfer conv
unmanned ground syst

JAU

provided specifics on
1 defining details about
pperability standard for

S Timeline

(As of 2005 Npv 14) OSD recharters
Voting and change JAUS, includes all
Events OSD charters control are classes of unmanned SAE aflopts
JAUGS WG formalized systems JAUS ag AS-4
JAUGS initiated J 1" JAUGS JRP mandates Configuration Navy mandates
WG Meeting JAUGS for all Mgt instituted JAUS for
UGV projects UUV/USV

VV&

VvV VVVVYV

707y

2000 I ‘01 I ‘02 ‘04
Documents ‘ DM 1.0 |[RA1{RA12 [(ra20 DCP 1.0 rRA3.0 | DM30 [ DM3.1
RA 1.0 SOP 10 SOP 1.3 SOP 1.5 T RA3.1
! DCP 1.1 o
Iegend l SP 1.0 | I
V i i
......... Worki.ng iroup Meeting l I I
DM....... Domain Mlodel L L |
RA ... Reference Architecture\ "  ||"— " e 1= == I
SOP.......Standard Qperating Procedures Message | H CEZ’C_I O_EXE _ I LClI
DCP......Documen{ Control Rlan R_oul:lg EXPL 1 r ......... I_ I
SP ... Strategic Plam OPC 20Expt | .
CS........ Complianfe Specification Fxneriments  mrmmrmmem—a— - L
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FIGURE 1 - JAUS TIMELINE
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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 Chartere

d and Mandated by OSD

February 1998

The Office of Secreta
Working Group (JAUG
and sustaining a joint

vy of Defense (OSD) Joint Robotics Program (JRP) officially issuged-a ¢
5 WG). The charter stated the working group’s primary objective to be de
prchitecture for the domain of unmanned ground systems. Membership in

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

Following the OSD chd
JAUGS.

rter, the JRP issued a mandate requiring that all of the)programs it mang

TABLE 1 - JAUGS/JAUS WORKING GROUP MEETINGS

Date

Location

12-18-1997

Gaithersbusg; 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

106261999

Gainesville, FL

01-25-2000

San Diego, CA

£5-23-2000

Indian Head, MD

12-06-2000

Huntsville, AL

03-29-2001

Panama City, FL

07-17-2001

Albuguerque, NM

12-06-2001

Waltham, MA

harter for the JAUGS
eloping, implementing
the working group by
was permitted.

ged must comply with

U3-T.2-2UU7

alnesville, 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

July 1999

Experimentation validates standards.

Experimentation Began

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 beg
formal processes, incly

development of JAUGS.

3.6.1 Voting Procedy

November 2000

The JAUGS WG adopt
These operating procq
Procedures were ado
documents to selection

3.6.2 Configuration N
June 2001
Seeing the need for g
released a Document {
of inspection forms det

and a raticnale for the
document’s custodian f

3.63 Strategy Docun

March 2002

ame larger and as the JAUGS standard was receiving wider acceptance, th
ding voting procedures, that gave assurances that all WG members had

res Adopted:

ed a set of Standard Operating Procedures, modeled@after those of comme
dures granted voting privileges to all JAUGS WG members including in
bted for every aspect of working group activity, from approving new

of officers, even including the updating of the-Standard Operating Procedur

anagement Adopted

Control Plan (DCP). The DCP defines the process to modify documents, in
hiling errors and omissiens in a specific document version, text and location
change. Each changewould be voted on by the membership and applied {
br inclusion in theext version.

nented

The working group reld

e JAUGS WG adopted
an equal voice in the

rcial standards bodies.
dustry and academia.
ersions of standards
s, themselves.

ontrolled and orderly releaseset evolving versions of standards documernts, the working group

Cluding the submission
of the desired change,
D the document by the

s were to embrace all

based the Strategic Plan, laying out its vision and goals. Among the goa

classes of unmanned
standard.

3.7

August 2002

]IQ"‘QI"\"\Q to standardize p:\yln:dc and-control units and to transitionto o o
i il

Domain Broadened to All Unmanned Systems

mercial, international

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 com
3.8 Compliance Defi

July 2004

mercial acceptance, and to establish commercial viability.

ned

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 occur.

3.9

Move to Open Commercial Standards

April 2004
In accordance with its

Avionics Systems Div
eventual transition of J

3.10 Summary

The JAUS WG, and n
UMS. Many agencies
dictating the implemen
and the technical modg
4. NOTES
41 Key Words

JAUS, Joint Architectu

PRE

Charter and its Strategic Plan, the JAUS WG sought and achieved adgption
sion (ASD) as the Unmanned Systems Committee (AS-4). Thig'adoption
AUS to an open, international standard.

Dw, AS-4 Committee is focused on developing an_open standard to suppo
and corporations have worked diligently to ensurethat JAUS supported
ting technologies or engineering solution. Appendix A documents the techr
| for the message development.

e for Unmanned Systems, unmanned, unmanned vehicle, roboet, robotics, u

PARED BY SAE SUBCOMMITTEE AS-4A, ARCHITECTURE FRAMEWOR
COMMITTEE AS-4, UNMANNED SYSTEMS

by the SAE Aerospace
set the stage for the

t the interoperability of
interoperability without
ical rationale for JAUS

nmanned system.

OF
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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: Oflganization that decides the material solution to meet the customer/user requi

Customer/Users: Orgg
Researcher: Organiza

Architecture: The stru
properties of those ele

Intercperability: The a
exchanged.

Operator Control Unit:

Payload: A componen
operation.

JAUS: A common lan
unmanned systems.

nization that defines system capabilities and who will operate the final produ
ion that seeks a technical approach to a problem with no known eradequate

Cture or structures of unmanned systems, which comprise of-software elem
ments, and the relationships among them.

bility of two or more subsystems to exchange inforfation and to use the infg

A human interface device allowing a human eperator to control an unmanne

f or set of mission oriented componentsicarried by an unmanned system no

juage consisting of well-defined messages, enabling internal and external cq

rements.

—

solution.

ents, externally visible

rmation that has been

i vehicle.

I necessary for vehicle

mmunication between

Mission planning: Mission goals, pertinent supporting information, limiting factors, and vehicle pargameters gatherad from

components or subsyq
A1 Definition of]

Within JAUS, the don

purpose of defining thg JAUS requirements.

A2 Document ¢

tems needed by unmanned systems to carry out the mission.
Domain Mode|

hain modelis a representation of the unmanned systems’ functions and in

verview

formation, built for the

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 acronyms for a quick terminology reference.
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A2 INTRODUCTION

A2 Background

Unmanned systems reduce exposure of personnel to harmful environments, perform tasks not possible for humans, and
provide cost effective sclutions to repetitive tasks. As a result, a large number of unmanned system products are being
introduced to the market. Furthermore, many of these systems are characterized as task dependent and non-
interoperable. A standard open architecture is required to support the rapid and cost-effective development of unmanned
systems.

A22 Premise

This decument develops the scope and technical approach for unmanned systems’ architecture.

A23 Architecture Dbjectives

An analysis needs to be performed to select or develop an architecture to support the followiAg’/objgctives:
+ Support all classesof unmanned systems
+ Rapid technology insertion

¢ Interoperable operator control unit

* Interchangeablefinleroperable payloads

* Interoperable unmanned systems
Interoperability is the apility of two or more subsystems toexchange information and to use the information that has been
exchanged [IEEE 90]] The architecture along with, sound systems engineering will specify how interoperability is
accomplished.

A24 Architecture Constraints

The architecture shall je constrained by:
+ Defense Acquisitioh System
¢ Operational procedures

¢ Intellectual property and data rights

+ Systems engineering
¢ Research and development

* Product acquisition
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A25

The following are some

Joint Technical Arc

A26

The net effect is more
JAUS is an open arc
constraints.

A3 DOMAIN ANAL
An analysis of the JAU
must adhere to specifig
be made if a current si
the analysis will identify

A3 Analysis of A

A3.1.1 Support all
Classes of unmanned

size. Their size could
classes of unmanned g
A31.2 Rapid Tec
Funding constraints m
technical solution may

The operational capab
the systems. Therefore

Available Standards and Architectures

of the standards and architectures available:

hitecture (JTA)

4D/Real-time Control System (4D/RCS)
Rotorcraft Open Systems Avionics (ROSA)

Air Vehicle Standard Interface (AVSI)

Architecture Benefits

efficient development, reduced ownership cost, and an expanded range
hitecture over the domain of unmanned systems that meets théebjecti
YSIS

S architecture objectives is needed to understand whatJAUS must suppo
architecture constraints. By analyzing available standards and architecture
andard or architecture exists that satisfies the architecture objectives. If on
why current standards and architectures are insufficient and propose a new
rchitecture Objectives

Classes of Unmanned Systems

Bystems include air, ground, suiface (e.g., water), and subsurface systems

ystems, JAUS should ensure’platform independence.

Inology Insertion

y prohibit unmanned systems from having certain customer/user-defined ¢

ot even exist-Systems should have the ability to be fielded in increments of
lity is improved over time as technology improves and the customers/users
JAUS should not impose a specific technical approach.

A313

T vendors. Therefore,
es within the stated

t. Furthermore, JAUS
. a determination can
e does not exist, then
standard.

and are not limited in

range from small, throwablevobots to ship-size unmanned vehicles. Therefore, to support all

apabilities or a viable
operational capability.
gain experience with

Interoperal:rle Operator Control Units

Operator control units (OCUs) range in size from small, portable handheld devices to ones needing a climate controlled
room, each with different levels of functionality. The smaller handheld OCU may have several of the same functions of the
larger OCU, but not all. Therefore, OCUs can have a degree of inoperability based on their similar functions. JAUS should
allow for the interoperability of operator control units.

A31.4

Interchangeable/Interoperable Payloads

As innovative concepts and improved technologies rapidly change payload capabilities, customers/users and developers
need to have the ability to update payloads without redesigning the unmanned system thus greatly reducing total life-
cycle cost. Therefore, JAUS should allow technical advancements while not imposing specific hardware or software

implementations.
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A315

Interoperable Unmanned Systems

Unmanned systems are mission enhancers. However, certain mission goals may not be achievable by a single
unmanned vehicle, or more useful results are obtained using multiple unmanned systems. Therefore, JAUS should allow
for communication between unmanned systems independent of platform type.

A3.2 Analysis of C

A3.21

onstraints

Defense Acquisition System

The Defense Acquisition System directs programs to use a modular open systems approach to ensure access to the
latest technologies and products, and facilitate affordable and supportable modernization of fielded assets. An open

systems approach is

an integrated business and technical strategy that emplovs a modul

appropriate, defines K
maintained by a recogr

In order to maintain

technological advances$ keep pushing ahead. An open systems approach leads the svay for tran

paradigm by offering a
standards and architect
A322 Operationg
Although the marketpl
developed. Therefore,

A323 Intellectual

JAUS should not infring

A324 Systems E
The elements of systet]
physical interfaces, ang
Systems engineering
should not allocate fun
performance.

A3.25 Research 4

ey interfaces using widely supported, consensus-based standards th
ized industry standards organization.

p technological edge, focus must be diverted to systems thatcan e

more cost-effective way of keeping a technological edge. Therefore, JAUS
ures.

| Procedures

ace has been flooded with unmanned systems,” “how” they can be uss
AUS should facilitate diverse operational preceédures.

Property and Data Rights

e upon intellectual property and data rights.

ngineering

Ns engineering are to epsure the compatibility, interoperability, and integrati
to ensure that the system definition and design reflect the requirements fq

bllocates functions te' and defines information transfer between subsystd
Ctions to any particdlar element of the system and should not define or meg

nd Development

Research and develop

or to which an answer lcz

ent(is the process by which a technical solution is sought for a problem wit

r design and, where
it are published and

clve more readily as
sformation to the new
should focus on open

ed has not been fully

pn of all functional and

r all system elements.

ms. Therefore, JAUS
sure system capability

h no current resolution

bgy, and research and

development breakthroughs can take aagmﬂcant amountof t|me to trane|t|on |nto new or |mproved products. Therefore,
JAUS should be independent of technology.

A3286 Product Ac

quisition

Product Acquisition is the process used to acquire quality products. The primary objectives of this process are to:

e Satisfy the needs o

+ Focus on specific ¢

f customer/users

Acquire quality products in a timely manner at a fair and reasonable cost

apabilities; “what” is needed, not “how” to do it.
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Unmanned systems have generic functions applicable to all classes. These functions should be separated from mission
specific functions to allow the greatest flexibility in vehicle usage. The JAUS architecture should be flexible enough to
support a wide range of possible missions and be independent of operator use.

A33 Analysis of Available Standards and Architectures

A3.31 Joint Technical Architecture (JTA)

The Jeint Technical Architecture is Department of Defense information technology standard that establishes a minimum
set of rules governing information technelogy across all DoD systems. These standards include Information Processing
Standards, Information Transfer Standards, Information Modeling, Metadata, and Information Exchange Standards,
Human-computer Interface Standards, and Information Security Standards. Information Processing Standard describes

Government and comn

nercial information processing standards DoD uses to develop integrated, interoperable systems

that meet the custon
information transfer

communications. It ma
Network (DISN). Inforn
information modeling

message formats. Hun
design and implemer
implementation optiong
Security Standards prd
mandated and emergin

These standards are b
Engineers (IEEE), Go
interoperability across
systems into four dd
Communications, Com|
Simulation, and Weag
behavicral, and operat
commonalities and add
of these domains. The
unmanned system dewvq
A332 4D/Real-tir]
4D/RCS is a method
software for vehicle s
demonstrates how intd
structure. It integrates

ttandards  and  profiles that are essential for information
ndates the use of open systems standards used for Internet and the-Defen
hation Modeling, Metadata, and Information Exchange Standardsvdescribg
and mandates applicable standards. This section mandatesinformatior
an-Computer Interface Standards provides a commen framework for Hum
tation in DoD systems. The objective is the standardization of cU
. enabling DoD applications to appear and behave in a@ascnably consiste
scribe the standards and protocols to be used to satisfy security requirg
g security standards that apply to the JTA.

ased on published Society of Automotive Engifeers (SAE), Institute of Elg
ernment, and commercial interface, protocol, and architecture standar
all DoD systems. To further support the'interoperability of DoD systemg
fined domains and their associated” subdomains. The domains are
puters, Intelligence, Surveillance, and Reconnaissance (C4ISR), Combat

on Systems. These domains, represent a group of systems that shar
onal requirements. The subdemains represent a subset of related system
ressing variances within the domain [JTA]. Unmanned systems have been i
JTA addresses specific hardware, software, and informational standards
Elopment, but does not-address the format and content of that information.

he Control System.(4D/RCS)

blogy for ,eonceptualizing, designing, engineering, integrating, and testi
ystems_with any degree of autonomy, from manually operated to fully

erfusers’ information processing requirements. Information Transfer Standards describe the
interoperability and seamless

se |nformation System
the use of integrated
standards, including
an-Computer Interface
stomer/user interface
Nt manner. Information
ments. It provides the

ctrical and Electronics
s utilized to support
, the JTA divides the
Command, Control,
upport, Modeling and
common functional,
, exploiting additional
Hentified within several
that are applicable to

L
»]
=
<]

hg intelligent systems
autonomous. 4D/RCS

blligert, unmanned vehicle systems can be integrated into any military

systems can analyze tf

e past, perceive the present, and plan for the future. It enables systems t

command and control

the\funhctional elements, knowledge representations, and flow of information so that intelligent

assess the cost, risk,

and benefit of past events and future plans, and make intelligent choices among alternative courses of action.

4D/RCS addresses engineering issues that must be considered when building intelligent unmanned systems that
approach human levels of performance in responsiveness, dexterity, adaptability, reliability and cognitive understanding.
It provides an engineering methodology by which military systems meet customer/user operational requirements
[4DRCS]. 4D/RCS plays an important role in the development of unmanned systems by supporting all unmanned system
classes and rapid technology insertion. However, 4D/RCS only defines interfaces to the conceptual and semantic level
but not to the syntactic, message, and transport levels.
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A333 Rotorcraft Open Systems Avionics (ROSA)

ROSA project uses commercial-off-the-shelf (COTS) electronics components and open systems specifications and
standards developed for non-aviation applications. It will determine the degree to which those specifications and
standards can be used to meet combat helicopter mission avionics for future rotorcraft. The primary objective is to reduce
the cost of avionics for future rotorcraft [ROSA]. Therefore, it does not address all classes of unmanned systems and the
interoperability of payloads.

A334 Air Vehicle Standard Interface (AVSI)

AVSI is an effort to design modular payloads for unmanned air vehicles. Current problems in unmanned air vehicles
include limited payload growth potential, restricted configuration, and reduced interoperability and compatibility. AVSI is

an attempt to offer true

“plug-n-play” capability that will maximize flexibility and reduce total owners

hip cost [NAVAIR].

AVSI| is working towd
interchangeable on an
and interoperable unmn
classes of unmanned s
A3.4 Conclusion

Although current stand
incarporated in unmar
domain of unmanned
commercial standards
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requirements, interface
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communication betweg
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Furthermore, in order
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Vehicle Platform In
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rd standardizing only unmanned aerial vehicle payloads. It is feasible

unmanned vehicle platform. Furthermore, it does not support al| Classes
anned systems. Therefore, AVSI| does not meet the JAUS architecture o
ystems.
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ned system development, they are still inadeguate to facilitate the dev
systems. The above mentioned architectures _ingorporate various SAE, |
into standards that apply to some, but notcall, issues related to the JAU
ints describe elements associated with_unmanned systems, such as: N
protocols, frequencies, buses, etc., butdo not fully satisfy all JAUS architeg

s that a common language consisting of well-defined messages, enablin
n unmanned systems, as well ag.those standards and architectures mentio
ecture objectives.

o be continually relevant. flexible and useful to the entire unmanned sys

rements, as shown-graphically in Figure A1. They are the philosophical U
hey be well understeod. All JAUS messages are required to be:
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for a payload to be
of unmannead systems
bjectives to support all
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FEE, Government and
S architecture. These
ardware and software
ture objectives.

D internal and external
hed above, are needed

tems domain, JAUS is
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A341 Vehicle Plg

The domain of unma
components to be inter
A34.2 Mission Ing

The number and types

FIGURE A1 - JAUS INDEPENDENT REQUIREMENTS
tform Independent

nned systems will include a wide spectrum-of' platform types. In orde
bperable, no assumptions about the underlying-vehicle are made.

ependent

of uses and missions for unmanned systems has the potential to be large

mission specific functipns from the generic functions:-This allows the architecture to be indep

mission or set of missig
A343 Computer

The growth in the com

ns.
Resource Independent

puter industry has been enormous over the past several years and Moore

Future unmanned syst
The issue for unmann
accommodate new m
implementation reduc

ms must be able to capitalize on commercial advancements in computing
systems is two-fold. First, a single unmanned system must be able to ev
sions and)greater degrees of autonomy. An architecture that impose
the jopportunity to take advantage of future advancements. Second, ez

I for JAUS compliant

so JAUS must isolate
bndent of any specific

’s Law still holds true.
ve over its life cycle to
a specific hardware
ch unmanned system

%nd sensor technology.

prime contractor sholld have the flexibilty to decide what computer hardware meets that particular system's

requirements. Comput
JAUS must maintain ¢

A344

rChardware that is appropriate for one unmanned system may not be a

bpropriate for another.

Technology Independent

ystems.

JAUS does not specify any particular technology because there may be multiple solutions to a problem. An architecture
that requires or is built around a particular technology solution may eliminate a superior solution. JAUS specifies the
“what” not the “how.” This requirement is essential for supporting evolutionary acquisition.
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A3.45 Operator U

se Independent

The last requirement is that JAUS remain independent from any uses the operator will have for the unmanned system.
This may “lock in” undesirable ways to use the system and “lock out” more beneficial ways. JAUS will not restrain the
customer/user in determining the best approach to accomplish a mission.

A4 JAUS SCOPE

AdA JAUS Definiti

on

Joint Architecture for Unmanned Systems (JAUS) is a common language enabling internal and external communication
between unmanned systems. It incorporates a component-based, message-passing architecture specifying data formats

that promotes the sta

ility of capabilities by projecting anticipated requirements as well as t

Furthermore, JAUS is d
AdZ2

Joint Architecture for U
Domain Model (DM
Reference Archited

Standard Operatin
business.

Document Control

Strategic Plan (SP
the architecture.

Compliance Specif
JAUS standard.

Ad43 Modeling Ap
The JAUS Domain Mo
for unmanned systen

demonstrated, the JA
development efforts to

JAUS Documents

pen, scalable, and responsive to the unmanned systems communities’ neeg

nmanned Systems is comprised of six documents. They are as follows:
)—defines Unmanned Systems capabilities as requirements for the set of m

ture (RA)—specifies the messages, formats, and data structures.

Plan (DCP)—establishes the procedures-for controlling the configuration of

—Ilays down the vision and mission statement; plans the education, expang

cation (CS)—establishes policies, procedures, test, and reports for determi

broach
el is a toglwith which customer/users can define both near and far term o

IS Detmain Model then becomes a ‘“road map’ used by developers t
S5upport future requirements.

ose currently needed.
s,

£ssSages.

g Procedures (SOP)—sets the procedures far,the way the JAUS Working Group conducts its

he JAUS baseline.

ion and acceptance of

hing compliance to the

erational requirements

s based>oh mission needs. By defining far-term capabilities, which npay have never been

b focus research and

By modeling the customer/user, the JAUS Domain Model represents three distinct elements: what the customer/user
does, what the customer/user knows, and the devices the customer/user interfaces with. These elements are defined as
the following: Functional Capabilities (FC), Informational Capabilities (IC), and Device Groups (DG), respectively. The
Functional Capabilities and the Informational Capabilities may interface with the Device Group, but the JAUS Domain
Model will not define these interfaces. These interfaces are open standards and may be defined by either the Joint
Technical Architecture or by the Original Equipment Manufacturer's (OEM) specifications.
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A431

Functional

Capability (FC)

Functional Capabilities are a set of capabilities that have similar functional purposes. The Domain Model divides
Functional Capabilities into eleven categories that define what the unmanned system does. However, these Functional
Capabilities are not limited to the below eleven categories. They are:

AA432

Informational Capabiliti
are named according t

Command Capabilities make plans, assimilate data, make decisions, assign tasks, and handle unexpected events.

Maneuver Capabilities interface with all external maneuvering control devices and may include a set of sensors. The
Maneuver Capability has a layered set of intelligent components that accept different levels of maneuvering

instructions.

Navigational Capa
geographical locati

Communication C4
operator control un

Payload Capabiliti
acquisition, weapo

Safety Capabilities
Security Capabilitig

Resource Managg
bandwidth, signatu

Maintenance Capa
capability to interfa

Training Capabilitis
rehearsal or tutoria

Automatic Configun

Information

fitlesare Tesponsitie for plemming the patt for am ommarmed system
DNS.

pabilities are responsible to manage communications between distinct u
ts.

s maintain control and provide status of payloads (g.g.;” reconnaissan
s, Nuclear Biological Chemical (NBC) detector, etc.)

are responsible for the unmanned systems’ safety.
s prevent unauthorized access and use of the uhmanned system.

ment Capabilites manage the vital. fesources of the unmanned systq
e, etc.)

bilities are responsible for system maintenance, such as Built-in-Test Eq
Ce with external test equipment.

s have the responsibititysof providing training support to the operator either
s) or with external devices.

ation capabilities minimize operator configuration change.
al Capability (IC)

es-are groupings of similar types of information. They are global repositori

between two or more

manned systems and

cefsurveillance, target

m (e.g., power, fuel,

Lipment, and have the

nternally (e.g., mission

es of system data and

{heir data tvpe and define what the unmanned system knows or its informg

tional capabilities. The

ICs provide controlled access to the information for the entire unmanned system.

Vehicle Status Capabilities are responsible for providing the status of the vehicle to other Capabilities. Vehicle

parameters, positio

n, visual and audible data, and calendar.

World Model Capabilities maintain a repository of objects of interest including friendly and threat units, obstacles,
staging areas, maps, routes, waypoints, and actions.

Library Capabilities

maintain reference material, procedures, and performance data.

Log Capabilities have the responsibility to maintain a log of operational, maintenance, and training data.

Time/Date Capabili

ties provide time and date services to the unmanned system.


https://saenorm.com/api/?name=3b92969b378f1a6bf7dede166b21a48b

SAE AIR5664A Page 16 of 23

A433 Device Groups (DG)

Device Groups are groupings of sensors and/or effectors that are used for similar functions. Specific devices are not
defined with the Device Group.

Ad34 FC and IC Abstraction Levels

The Domain Model will define different abstraction levels within functional and informational capabilities. Abstraction
levels support evolutionary development and technology insertion. These abstraction levels should be independent of
each other.

Ad4 Compliance

Compliance is the process of validation and verification of unmanned system message traffic that adheres to

predetermined messag
compliance between t

payloads, on-board col
compliance at one levd
and program needs, ex
AS CAPABILITY M
This JAUS Domain M
developers work with

Product developers w
known solutions.

AdA Functional C
This section document
easily understood by by

A511 Command

The Command FC describes the missionSplanning and decision-making roles for the unma

information gathered fr
three categories: vehid
varying levels of intellig
AS51.11 Vehicle

Vehicle commander pld

e definitions, formats and rules. Currently, there are three levels of compli
o unmanned vehicles or an unmanned vehicle and OCU. The second leyel
htrols, and sensing elements. The third level applies to software soyrce cog
| does not infer compliance at another, and the developer may, based on
tend compliance beyond that required of the customer/user.

ODEL
odel is intended for use by product developers, ‘customers/users, and
Customers/users to define the required unmanned\system capabilities thg
rk with researchers to focus research efforts on’future unmanned syste
B pability

the collection and summary of usenrequirements. These requirements are
th the user and the developer. Jhemodeling approach presented in Section

Functional Capability

bm onboard compenents or subsystems to make mission critical decisions.
e commander,team commander, and team-of-teams commander, each o
slple=}

ommander

ns and makes decisions for a single unmanned vehicle. The vehicle comm

ance. The first level is
s compliance between
e reuse. Furthermore,
the developing system

researchers. Product
t JAUS must support.
M capabilities with no

presented in a context
4.43is used.

hned system. It uses
he Command FC has
[ these categories has

Ander issues directives

to and receives repor

s ffom other components within the unmanned system. Additionally, t

e vehicle commander

receives directives and

AB5112

sends reports to a team commander.

Team Commander

Team commander plans and makes decisions for a team or group of unmanned vehicles. It receives directives from the
team-of-team commander and issues those directives to the vehicle commanders. Furthermore, the team commander
issues reports to the team-of-teams commander.
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AS5113 Team-of-teams Commander

Team-of-teams commander plans and makes decisions for a team-of-teams of unmanned vehicles. It receives reports
and issues directives to the team commanders.

AD12 Maneuver Functional Capability

Maneuver FC has the primary role of moving an unmanned system from one geographical location to the next. It has the
ability to interface with all external vehicle actuation devices, which may include a set of sensors. This Functional
Capability has three principal capabilities. The principal capabilities are Primitive Maneuver, Vector Maneuver, and
Waypoint Maneuver, as shown graphically in Figure A2.

AL L) 4 | P! i L
vvaypoImnt ostacre
M Detection/
aneuver Avoidange
Vector
Maneuver

Primitive
Maneuv

Maneuver Components

FIGURE A2 - MANEUVER FUNCTIONAL CAPABILITY MODEL

Primitive Maneuver capability controls the basic kinematics movement of unmanned system through a human interface
device. The customer/user controls all aspects of the vehicle actuation devices such as steering, speed, braking, etc., as
if the vehicle was manned. Vector Maneuver capability uses speed and direction to maneuver to the desired geographic
location, where as, Waypoint Maneuver capability uses a set of designated geocgraphic points to maneuver to another
location within given time constraints. Unmanned systems can be designed to incorporate one or any combination of the
above principal capabilities. Vector and waypoint maneuvering can be translated into a primitive maneuvering. This
means that customer/users can upgrade or downgrade to any mode of maneuverability regardless of the initial design.
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Certain capabilities have been identified to enhance vehicle maneuverability. These capabilities include, but are not
limited to object detection and avoidance, feature-following, and leader-follower. In obstacle detection and avoidance,
unmanned systems accept input from a set of sensors to identify obstacles and override higher-level controls to prevent
collision. The feature-following capability identifies terrain features to successfully maneuver from point to point. In leader-
follower capability, unmanned systems follow the lead vehicle with a given set of parameters (e.g. time, speed, distance,
etc). These abilities are not required, however, they provide a higher degree of capability to an unmanned system.

A513 Navigation Functional Capability

The Navigation FC plans the path for an unmanned system between two or more geographical locations. Intelligent
navigation refers to an unmanned system’s ability to react with its environment while traversing from one point to another.

In primitive navigation, an unmanned system moves from point to point without reacting to its environment. In semi-
autonomous navigation, an_unmanned system moves from point to point, reacts to its environment, but waits for

corrective input from t
making necessary corrg
AdD1.4 Communic
The Communication F
communication from a
(e.g., operator contro
Communication FC caf
manage physical and Iq
AD15 Payload/M
The primary role for P
have different intellige
unmanned systems.

A5151 Articulati
Articulation capability i
currently three articula
positioning of the payld
meovement over the sa
articulation. Position an
Positioning teols in ordy

AB152 Reconna

he customer/user. In autonomous navigation, an unmanned system travs
bctions and/or changes to its original path without customer/user interactien.

btion Functional Capability

L manages the telecommunications of the unmanned system., Telecommu
Histance; therefore, the Communication FC handles communitation from su
unit to unmanned system or unmanned system 40)unmanned syste
handle all off board communication requirements, ifitiate interaction with
gistical properties of the link.

ssion Module Functional Capability

hce levels depending on customer/user requirements. Below are identif

DN

5 the movement of mission models or tools in reference to the unmann
ion movements: primitive, repeating-path, and position and attitude. Prim
ad via human intefface device (e.q., joystick) by a customer/user. Repeat
e path, continuously. Spot-welding in auto manufacturing plants is an exa
d attitude artisulation is crienting the payload, not the unmanned vehicle, to
er to reach-difficult places is an example of position and attitude articulation.

issanCe/Surveillance/Target Acquisition & |dentification (RSTA-I)

RSTA-I capability dete

ls from point to point

nications is defined as
bsystem to subsystem
m.) Furthermore, the
bther subsystems, and

hyload/Mission Module FC is to handle<and control all mission payloads/modules. Payloads can

ed payloads used by

ed system. There are
tive articulation is the
ing-path articulation is
mple of repeating-path
complete the mission.

Cts-and identifies potential threats or targets using various sensors and ¢

mmunication devices.

RSTA-I can have varying levels of intelligence. In primitive RSTA-I, the customer/user sees the enemy target either by
sight or by sensor feedback and must properly identify the target. In semi-autonomous RSTA-I, the unmanned system
acquires and identifies the target and alerts the customer/user for action. In autonomous RSTA-I, the unmanned system
acquires and identifies the target and reacts according to predefined mission parameters.

AS153 Weapon Payload

A weapon payload's primary mission is to engage targets.
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