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Agenda

- Introduction: Global effort to define standards for telerobotic operations
« Organization: The CCSDS Telerobotic Operations Working Group

- Approach: Philosophical approach to standards definition

» Structure: Technical approach to standards definition

« Services: Current status of the service catalog

« Conclusion: Invitation to participate
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The Global Exploration Roadmap

The Global Exploration Roadmap highlights

the efforts of agencies participating in the ,

ISECG to prepare for human and robotic
exploration of destinations where humans may '
someday live and work. Enabling humans |
to explore the surface of Mars in a manner that
is sustainable, affordable, and productive is a
long-term goal that we will use to help shape
our near-term activities. This goal informs

Ly L capability evolution and technology
investments. The pathway to Mars extends
human presence to enable exploration
of multiple destinations, including the Moon

ISECG and near-Earth asteroids.

International Space Exploration *___.
Coordination Group
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The Global Exploration Roadmap

Standards to Promote Interoperability

Partnerships among agencies in which each provides capabili-
ties on the critical path to completion of mission objectives
have become common, as mission complexity has increased
and interagency relationships have strengthened. This is true for
both human and robotic exploration initiatives. Large multina-
tional exploration missions will require agencies to accept and
manage interdependency at different levels: architecture, mis-
sion, infrastructure, and systems. The nature of human explora-
tion beyond low-Earth orbit will necessitate acceptance of, and
commitment to, a level of interdependency that is beyond our
current experience and that will increase interoperability across
the architecture.

Efforts to promote future interoperability of space systems are
critically important. Pursuing interoperability initiatives, such
as international standards and common interfaces, will ensure
different systems and nations can work together in exploring the
solar system. This is a proven approach to lowering the cost and
risk of complex exploration missions.

Agencies participating in the Interagency Operations Advisory
Group (IOAG), Space Frequency Coordination Group (SFCG),
and the Consultative Committee for Space Data Systems (CCSDS)

AR ——

have collaborated on establishing data communications and
mission operations architectures, coordinating spectrums for
space communications, and technical standards for cross
support which take advantage of current and anticipated
state-of-the-art technologies.

Most of that work is already underway. These teams have
developed service catalogs and technical standards which
respond to the anticipated needs of future exploration missions.
These services and standards will enable highly internetworked
mission operations and facilitate the integration of new partners
into complex human space exploration missions. More infor-
mation about these international organizations is available at:
www.i0ag.org, www.sfcgonline.org, and www.ccsds.org.

In addition to the efforts in communications and operations,
onboard systems standards are equally important. For example,
initiatives such the International Docking System Standard and
Onboard Data Interface Standards are essential for fostering
onboard interoperability. Work on such standards continues. By
applying them, vehicles developed by many nations can conduct
missions such as those shown in the ISECG Mission Scenario
and increase robustness in space exploration endeavours.
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US National Space Policy Goals

Expand international cooperation on mutually
beneficial space activities to: broaden and
extend the benefits of space; further the
peaceful use of space; and enhance collection

NATIONAL SPACE POLICY and partnership in sharing of space-derived

of the information.
UNITED STATES of AMERICA

Pursue human and robotic initiatives to
develop innovative technologies, foster new
industries, strengthen international partnerships,
inspire our Nation and the world, increase
humanity’s understanding of the Earth, enhance
scientific discovery, and explore our solar system
and the universe beyond.

Promote appropriate cost- and risk-sharing

among participating nations in international
partnerships;

e




ISECG Mission Scenario
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Humans and Robots in Partnership




Consultative Committee

cspos CCSDS - Scope and Origins

for Space Data Systems

4+ CCSDS = The Consultative Committee for Space Data Systems

4+ The primary goal of CCSDS is interoperability between
communications and data systems of space agencies’ vehicles,
facilities, missions and programs.

4+ Of all of the technologies used in spaceflight, standardization of
communications and data systems brings the most benefit to
multi-agency interoperability.

4+ CCSDS Started in 1982 developing standards at the lower layers of
the protocol stack. The CCSDS scope has grown to cover standards
throughout the entire ISO communications stack, plus other Data
Systems areas (architecture, archive, security, XML exchange
formats, etc. -
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Systems Engineering

Six Technical Areas, . .
OWorklng Group (producing standards) ¢ Security
Twenty-seven TeamS ¢ Birds-Of-a-Feather stage (pre-approval) ¢ Delta-DOR

¢ Special Interest Group (integration forum) 4 Timeline Data Exchange
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The Standard in Space Telerobotic Operations

- The development and use of telerobotic operations standards can decrease
the cost and risk of telerobotic technology development and integration
through earlier and more thorough testing opportunities, and decrease the

cost of operations through cross-support and elimination of duplication of
effort.

The development of the component technologies required to extend human
presence and capability into space is accelerating rapidly, and there are
emerging requirements for telerobotics interoperability between
International civil space agencies.

- A common framework for telerobotic operations would allow diverse robotic
assets to collaborate on mission goals and realize cost-savings from the
cross-support provided by participating Agencies.




CCSDS Standards Tracks
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Organizational Processes

= The Consultative Committee for Space Data Systems

The CCSDS Management Council has _
patterned the CCSDS organization to adopt }
what is perceived to be the best common '

ORGANIZATION AND structural features of the World Wide Web
PROCESSES FOR THE

CONSULTATIVE COMMITTEE Consortium (W3C) and the Internet
AR EHAES DL UL Engineering Task Force (IETF) organizations,

i.e., highly focused product-oriented “Working
Groups” collected into functional “Areas” that

CCSDS RECORD
CCSDS A02.1-Y-4 cluster within broad discipline-oriented

“Domains.”

YELLOW BOOK
April 2014
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RAPID: A Lesson in Multi-

Provides Message Definitions & API

Provides Common Services API

Open Source Release ARC‘1 6368'1 (NASA) RAPID Telemetry and Command Bus
Partner Centers include JPL, JSC, ARC, APID Workbangh -

LaRC, GRC, KSC and ESA/ESTEC. >\,<
Based on Data-Distribution Service, an Telemetry PIGI

Canvas
open, international standard for publish-
subscribe communications.

RAPID Clients

Legacy and
Real-Time Non-DDS
Applications Applications

RTI DDS is an implementation platform, not
a reference platform. RAPID # Middleware!

Adapters

RTI Data Distribution Service

DDS Compliant Software Integration Bus

Sensors and
1

6
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D Family Aloum

JSC’s Robonaut 2 ARC’s K1 LaRC’s LSMS Crane ESA/ESTEC’s
EXARM
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Technology Development Applications

- Object Recognition and Pose - Full immersion, telepresence with
Estimation haptic and multi modal sensor

feedback
- Fusing vision, tactile and force

control for manipulation - Understanding and expressing
intent between humans and robots

- Achieving human-like performance
for piloting vehicles - Verification of Autonomous Systems

« Access to extreme terrain in zero-, - Supervised autonomy of force/
micro- and reduced-gravity contact tasks across time delay

- Grappling and anchoring to - Rendezvous, proximity operations
asteroids and non-cooperating and docking in extreme conditions

objects
- Mobile manipulation that is safe for

- Exceeding human-like dexterous working with and near humans
manipulation
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Service-Oriented Architecture

Human Interface Robotic Agent
Computer Humanoid
Tablet Venhicle

Joystick Manipulator
Mission Operations Client and Provider Services

Monitor Monitor
& &
Control Control

Service Transport Service

Actions Actions
Parameters Parameters
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A Straw Man Gap Analysis

Appl IEEtIDI'IS - DNoevirg-cnecitic teatnirec Adicnlave machineg learninoc: ater

Robot Robot
command | telemetry

Messaging
middleware

Network

Link/Physical

A Strawman Gap Analysis for US-TRSIG. Scott Burleigh. Pasadena, California: NASA Jet Propulsion Laboratory, April 14, 2011. (Chart)
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Telerobotic Operations Service Catalog

Manipulation Service « Special Command Service
Sequencer Service Data Product Service
Frame Store Service Discovery Service
Asynchronous File Transfer Service Administrative Service
Access Control Service Location Service
Transfer of Control Service Mobility Service
Interaction Service - Configuration Service
Imaging Service « Command Service

Video Service
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Frame Store, Transfer of Control, Discovery
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Invitation to Participate

http://public.ccsds.org/

» 2012 Spring CCSDS : _
R nn e | he Consultative Committee for Space Data Systems
(March 7, 2012) The Official Web Site

» NASA MESSENGER

Spacecraft Sends Data 5 -
from Mercury Using Quick Links

CCSDS Protocol Existi Si Inh .
W We|come to CCSDSOI’Q xisting users Sign In here

+ Recently Released
Documents Founded in 1982 by the major space agencies of the world, the | I |E
» Enter Press Room CCSDS is a multi-national forum for the development of !

communications and data systems standards for spaceflight.

Collaborative Work Environment

: L . Visitors: Enter the CWE area to
» CCSDS Meetings Today, leading space communications experts from 26 nations view public documents in the

» Conferences collaborate in developing the most well-engineered space CCSDS working teams. Request
communications and data handling standards in the world. A CWE TN tn fullv anaana in tha

Click CWE to see a map of working groups and access information to contact working
group chairs.
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