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METERON =

Multi-Purpose End-To-End Robotic Operations Network

Reference scenario International Space Station as test bed
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How to compare technologies

 Re-use modular reference simulator and control system
Ground Systems Test and Validation Infrastructure GSTVi -> METERON Operations Environment MOE

* Agnostic software hosted on virtual machines
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® Feed baCk B £t VRE  Wodew b I R

) ® & NI ST NS o SERe S - 2 Elcsmmandng [EiMostoang| BMennzing
£ Dt At Nakgator B v =0 Eawmen NnEEE e -0
. P — = GRDOY rover Battary voage -
Farmeters ™= > ax » y vokag o
R
™
P = -
e a— ) T
ass Ry o Bres
—ssiias sabh—sasttas - ooy | ma - ; E[J 151k il
Comui gt | 1o | RS 11_
il
T e S | o8 iemms - B
e ¥ P |:ﬂm oy i i
weadbrnnnns S watae.  EmaSRANS Ry Cpmpeee e e - =
e T It mes  ameceseses = il 1 - = | . |
ErTTir T T T T e o e | W = A i =
Tme oyt | W p T
[- MOETMPOSY & MOGTMHEAD « MOETMPOSX  MOETMCNT by |8 - | swmw.twnwnpwwmwmq
e [ L
Type  Last nanpie e e e e e, R r— =ax
¥ Paimets 2010835 17085700 5t 1
=
O Puamets 0130815120S57000 26 |
P w . £
X Pasmets 20000T512055700 210 e e g
Paramets 201308 15120604003 1373137 n fm
i 1
iwm
emcation I | v =0 AT T =ax | ® ¥
med b T | =18
cation || Femove Vented | | Showthe setings || Scrol ONOFF : . A : e s aom s e
! | . ™ ) RN -
Buastripaon Balease Tme BORERE R3A S e e e SRR M GHT P At oG OB0T
Lene) L) A b o o e Tt oo OS]
GaTo camm: and FN3E15TIAL:Z7.598 5 e MBI sMadeV TP aramPOGYROBT
| Ratats commana | mnacnrsmn ez anmen Ty \
WaGE TakePicture command | 20130815711 4253 417 il
B s i et ]
WAGE TakePicture command 200308-15T11 43 11,765 ot
ANDO3 TM timestamps -
| Rotate commana | mrenisT e na i ¥ L v o
WAGE TabsPRtug command | 201308-15T11 4320 756 1 : ™ soer saomasnacssToon I
[ | S0t oo revr travel sgees i IO ISTI 424 51 - H Towors | 3013.0813T120895.000
eosdennbinedinde e e o1 S800 000
GaTo comman d TFOBISTIN 4500 764 ey |
| GaTa commana | n3ce5m1 48 17 70 . | okt
........... 413,50 1T AT A0 Bk L2t s |

B 52500 B0 3013085120600 805 T:301M0RNE-1206.07 T4 SAM: 000N £1.00 00 69,500 M+ 11MIT A0 )

Paul Steele | ESOC | 03/04/2015 | Slide 3

© 2015 by ESA. Published by The Aerospace Corporation with permission. European Space Agency



Operations and Communications

(OPSCOM-2)

ISS and ground coordinating remote
monitoring and control of robotic assets
over a Delay Tolerant Network
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Supervisory Control (SUPVIS-E)
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Enabling technologies and standards
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Relation to CCSDS Standards

3 [ _Pparameter service ]
)
O
o3
¢ [ Actionserviee ]
)]
= [ Agaregation service ]
=
o |, S
SM&C Om
e *§ [_Archive service ]
©)
Envisaged CCSDS Telerobotic | [__Robotic Motion Control Service ]
Services [ Wenpuetonservie
CCS[_)S
Ttrchos W (Green Bookd [ ImegrgService
N N ~ /
Paul Steele | ESOC | 03/04/2015 | Slide 7 C%S METERON Implementation

ESA Unclassified — Releasable to the Public
© 2015 by ESA. Published by The Aerospace Corporation with permission. ruropean >pace Agency



\\\\\\

\

CCSDS Mission Operations Services ‘\&&\ eSa

The METERON Robotic Services can be grouped as follows:
Generic services

a. Parameter Service

b. Action Service CCSDS
c. Activity Status Tracking Service Telerobotics
Utility Services Working Group

a. Authorisation Service

b. File Management Service

CCSDS
Telerobotic Operations Specific Services Spacecraft
a. Motion Control Services Monitoring and
Imaging Service Control Working
Group

b
c. Manipulation Service
d

Localisation Service
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CCSDS Delay/Disruption Tolerant Network

- Why not use Internet Protocols?

Compared to Internet, efficient space protocols need to overcome:

A: Asymetric bit data rates
B: Bit error rates (high in space from radiation and sun bursts)

C: intermittent link Connectivity (not always a line of sight)
D: long transmission Delay

[ Time
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CCSDS DTN with intermittent connections

e Store and Forward with Custody Transfer (hop-by-hop): Delegation of
retransmission responsibility to an accepting node

« DTNs overcome the “Internet assumptions” of intermittent

connectivity, long or variable delay, asymmetric data rates - utilising
store-and-forward messaging (“ABCD-problems”)

source =

With DTN:
Data are
held at DTN
routers and
continue to
destination
when next
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In stressed
communications
environments:

Increased
VOLUME of data,
delivered FASTER,
i.e. higher
GOODPUT

and lower
LATENCY

European Space Agency



b) Custody transfer (1/3)

Bundle sent space to ground,

custody signal returned to previous node
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b) Custody transfer (2/3)

Bundle sent space to ground but lost on
transfer

0

Custody timeout Packet lifetime
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c) Multipath routing (1/3)

Bundle taking alternative route
based on:

— Physical availability of route

— Estimated transport time on
route

— Contact graph routing
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b) Multipath routing (2/3)

Bundle taking alternative route
based on:

TTL=800 — Physical availability of route

— Estimated transport time on
route

— Contact graph routing
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c) Multipath routing (3/3)

Bundle taking alternative route
based on:

— Physical availability of route

— Estimated transport time on
route

— Contact graph routing

A <-> C available from GMT xxx
A <-> B <-> C available from GMT yyy
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Plug and play

METERON infrastructure
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Kuka operations using services
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Key Points

1. Enabling technologies and standards for human/robotic missions
a. DTN (various implementations), RAPID, Prox-1, CFDP, ROS ...
b. Services (various implementations but CCSDS based)
c. GSTVi customised as METERON Operations Environment
—  System of systems
— Deployable
— Reconfigurable
— Ingest network data, HNS from orbiter/other assets
— Multiple rovers/landers
2. Goal based commanding, telerobotics, distributed ops, interoperability
3. OPSCOM-1 (2012), OPSCOM-2 (2014), SUPVIS-E (2015)...
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Questions?

Backup slides:
a. DTN stack
b. Service adapter
c. METERON future experiments
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DTN Stack

Caontrol

Images | Sensor : Status
Video | Data |MESS80ND| ooents
CFDP AMS
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Service adapter
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METERON Experiment Series

Short Title of Experiment
OPSCOM-1
OPSCOM-2

Summary Description

Communications set-up and first DTN flight demo (COMPLETED)

Validation of communications and operations systems (utilising Eurobot) via DTN, using
specific ground infrastructure (COMPLETED)

SUPVIS-E
HAPTICS-1

Supervisory control of Eurobot, enhanced network capabilities

First-time demonstration of force-reflection to take place within a microgravity experiment.
In-orbit calibration of Exo joints, body-grounded tests

OPSCOM-3
HAPTICS-2

Use of European DTN / MPCC for sequential Eurobot operation

First time demonstration of a closed bilateral control loop with real-time force-reflection
between the ISS and a small robotic joint located on Earth by the Astronaut, with real-time
video feedback. Demonstration of suitability of the Russian Kontur System (low-latency link)

INTERACT Haptics control of arm and rover; development of control strategies and algorithms

SUPVIS-JUSTIN
COM4HAP-1
COM4HAP-2

EXO-1

EXO-2

EXO-3
ANALOG-1

Supervisory control of Justin

Demonstration of ESTRACK + Kontur comms links
Demonstration of complete comms chain

Exo control of LWR in TRH lab

Exo control of Justin (inclu. Supervisory tasks)
Exo control of ISS-based Robonaut (TBC)

End-to-end exploration scenario with Eurobot

The series of experiments will culminate in ANALOG-1 which will consist of the simulation of an end-to-end

expLglJrlastt!e%Q |SECs%@"1"6'390‘£‘/’96@5§%E§éb9} located at an analogue site. beiho controlled from the ISS.
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