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Abstract- The Joint Architecturefor Unmanned Systems (JAUS) uses a constrained message passing
protocol to affect inter operability among diver se systems and components within the subsystem. Two

collabor ative experiments separated by eight months successfully demonstrated inter operability and dynamic
payload registration between dissimilar unmanned ground vehicles from different vendors. Today JAUS
transitions with documentation and its members’' full support to SAE aer ospace standar dstechnical
committee AS4 (Unmanned Systems). Since the conception of JAUSin 1995, industry, government, and
academic institutionshave discover ed functional and economic benefitsfor thisinteroperability framework.
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I ntroduction

The demand for diverse unmanned vehicles is increasing, as will costs to repair, maintain, and
operate those vehicles. The US DOD has published a vision to have 15% of its ground
transportation performed autonomously by 2015. By 2020 the US target is 33% of military
aircraft be unmanned [1]. The US Coast Guard has a 20-year program to spend $17 billion onan
integrated Deepwater System [2] whose focus is on system interoperability. 1f unmanned
vehicles (UV) could share standard command & control messages, procuring agencies could
select components from a variety of vendors reducing costs and increasing availability. It is
difficult and expensive to integrate systems into an overal infrastructure for command and
control. Today’s systems should be capable of interoperating and registering their capabilities
outside their OEM family. Vehicles designed today are one of a kind. The engineering involved
issignificant and drives up the costs for design, deployment, and maintenance. A limitation to
interoperability is“in-house” developed communication messages. When UV's share acommon
message set, owner-operators can chose integrating payloads and control units from multiple
vendors. In sharing communication architecture, UVs entering the operations space can choose
to register their capabilities to a number of potentia controllers thereby increasing chances for
survivability. JAUS defines a common language enabling internal and external communication
between unmanned systems. Vendors who collaborate on joint robot projects find less
integration issueswhen communications are well defined [3, 4].



Originsof JAUS

The JAUS concept began in 1995 as Joint Architecture for Unmanned Ground Systems
(JAUGS). By 1996 a JAUGS Working Group (WG) was established along with an initial set of
requirements. The WG held its first JAUGS meeting on December 18, 1997 at the National
Ingtitute for Standards and Technology (NIST) in Gaithersburg, MD. The most significant
accomplishment in 1998 was inviting industry and academia along with all agencies affiliated
with the Joint Robotics Program for membership [5]. The WG examined the NIST Neutral
Messaging Language (NML), the Society of Automotive Engineers Generic Open Architecture
(GOA), and the Multiple Robot Host Architecture (MRHA) for inclusionand/ or reference by
JAUGS. In 1999, NIST made significant contributions on NML as did the University of Florida
withtheir MAX architecture [6]. MAX provided the concept of “wrench”; a six-degree of
freedom command for mobility and message-based approach to interoperability [7]. By
September 2000, The Office of the Under Secretary of Defense embraced JAUGS by clarifying
roles and responsibilities among the Joint Robotics program managers [8]. In that month, the
WG released version 2.0 of the JAUGS Reference Architecture Specification [9].

First Demonstration

The JAUGS working group experienced considerable membership growth in 2001. The Air
Force Research Laboratory hosted a May JAUGS demonstration that included four unmanned
systems from three organizations. The demonstration included semi-autonomous and high-speed
vehicles with manipulators, video, weapons fire, and payload delivery. This force-protection
mission demonstrated JAUGS exclusively on two of four vehicle systems, the AMRADS! and
Prairie Dog. There were eight computers talking over wireless Ethernet. The demonstration had
two JAUGS OCUs for safety issues but operators controlled vehicles with one. The third vehicle
became JAUGS compatible 30 days after the demonstration [10, 11].

JAUGS - JAUS: Domain Expands

On 29 August 2002 the Office of the Under Secretary of Defense formally changed the name
JAUGS to JAUS. This established JAUS as an upper level design for the interfaces within the
domain of unmanned systems. Also in 2002, the JAUS WG created committees for Compliance
and Transport Layer documents. The U.S. Army began efforts in requiring JAUS for Future
Combat Systems (FCS) [12].

With growing membership and direction from the Joint Robotics Programin 2003, JAUS
expanded its development of architectural elements for high-level control and intelligent
behaviors. The Operator Control Units and Payloads committee (OPC) formed to address
commonality issues. This collaboration of industry, government, and academia finished 2003
with the first of three interoperability experiments [13, 14]. The JAUS membership received a
presentation and white paper concerning the issues of bandwidth [15].

1 Advanced Mobility Research and Development System (AMRADS)



In March 2004, a JAUS based vehicle participated in a race covering 142 miles of Californiaand
Nevada deserts roads [16]. Since no team won the challenge, DARPA will conduct its second

Grand Challenge on October 8, 2005.

JAUS > SAE AS-4

An important event in 2004 was the Society for Automotive Engineers (SAE) accepting JAUS as
an aerospace technical committeetitled AS-4. Its charter is to develop standards for unmanned
systems. All JAUS member organizations have transitioned to SAE and commit to a well-
defined migration plan. Another JAUS accomplishment was completing a second
interoperability experiment [17, 19]. The success criterion was the “ABC” test. A test
configuration could be any OCU coupled with any platformthat in turn recognized or controlled
any payload, [Fig.1]. If we start at the bottom of figure 1 for example, the experiment allowed
selecting API“ OCU and commanding the University of Florida’'s UGV Mule that in turn, had
iRobot’ s cable spooler as its payload. The OCU will recognize the platform’s capabilities and
effect actions; including control of the payload. Any of the four OCUs could perform this test.
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JAUS compliance is verification that message traffic between elements meets the Reference
Architecture Specification [23]. JAUS is a message-based architecture and lends itself well to
compliance testing. Elements have three levels of compliance [20]. The Domain Model [24]

describes this compliance graphically in Figure 2.

2 Applied Perception Inc (AP)



0 Leve | —Inter-Subsystem
The requirements between subsystems (i.e., Robot to Robot, Robot to Controller, or
Controller to Controller): The purpose of Level | isto support the interoperation of
subsystems.

0 Leve Il —Inter-Nodal
The requirements between nodes (i.e., payload to payload, payload to on-board
controller): The purpose of Level Il isto support the interoperation of nodes.

o Levd Ill — Inter-Component
The requirements between components (i.e., component to component): The purpose of
Level 111 is to support software source-code reuse.
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Figure 2: Compliance Levels

Verification can be independent and checked at any one of the three levels. Compliance at one
level does not infer compliance at another.

The engineering directorate of AMRDEC continues developing a software utility called the
JAUS Compliance Tool Suite (JCTS) [18]. Betatesting begins July 2005 with anexpected
release in January 2006. The JAUS community will use JCTS for system diagnostics and asan
aid for compliance verification By early to mid 2006, the OPC committee plans the third
experiment to demonstrate JAUS/AS4 advanced autonomy capability combined with
Robot/OCU/Payload interoperability. Capabilities include mission planning and execution,
cohesive world model generation and advanced payload interoperability. In addition, OPC-3
will evaluate new infrastructure protocols such as the proposed |Pv4 and LSS?® transport layers
along with dynamic registration. OPC embarks in mid 2005 on a series of pre-experiments
thereby increasing team effectiveness for the third experiment.

3 Low Speed Serial Transport



Conclusions

The JAUS community looks forward to a mature compliance tool and rich documentation set;
dynamic registration to control diverse payloads, network transport that accommodates high and
low band widths. JAUS provides a common message set for designers of any platform to
interoperate. When vehicles announce their capabilities and understand messages from
authorized control units, we reach new levels of interoperability while lowering acquisition,
maintenance, and time to deploy costs. DOD endorsement, demonstrations, collaborative
experiments, commercial products and an entry into the DARPA Grand Challenge vindicate the
framework’ s scalability and value. With beta version available and anofficial release of JCTS in
early 2006, users have a robust diagnostic tool and means to check message compliance. The
OPC will continue experiments that ensure SAE-A$4 continues addressing issues of unmanned
systems interoperability using standard messages.
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