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About DSA

Distributed Spacecraft Autonomy (DSA)

e Software payload on Starling which is a 4
CubeSat NASA mission to develop and
advance space swarm technologies

* Goal is to advance scalable autonomy
capabilities, command/control methodologies

°* Inc
SCa
wit

udes two segments, a flight launch and a
ability study tested on ground hardware

n up to 100 spacecraft



Autonomy Demo
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Human-Swarm Interaction (HSI)

e Deals with interface between a human and a
swarm of robots within a mission

* Part of the Ground Data Systems sub-team
within DSA




Challenges
* Informational complexity

* Reducing information overload

* Large swarm dynamics
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Need to understand the state of the
e . swarm, with the ability to quickly find
information of a particular satellite.
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Micro-satellite deployment mission- a constellation of three 1U
CubeSats developed by Japan, Nepal and Sri Lanka
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Our Approach

* Divide HSI User Interface into several
components
— Satellite Listenability Matrix
— Timeline
— Map
— Dashboard
— Command Builder

 Determine roles associated with each component



Interface Design

Design created by Yunkyung Kim

Satellite Listenability v

Sat- GPS

LISTENED GPS
G20 G19 G18 G17 G16 GI15 G14 G13 G12 G11 GI0 69 GB G7 G6 G5 G4 G3I G2 G

21

[k] QO wiw e

Local Clock v

LISTENING SATELLITES

586 89 510 S11 S12 513 514 §15 516 517

Map v

518 519 S20 S0

Updated Time

~
v
to
~
v
Color Tag
Wono
Satellite Dashboard v
Go To n
State GPS TEC
X axis - sat no
v
¥ axis - GPS no.
v

08:37 0938 0939 09:40
| | |

G

Now 2020-01-13 09:42:31.032Z o

PS:

at

4 0f 31
37 of 100

+00:00:00

1/30/2021

Information Contained in this Presentation is subject to Export Controls

© 2021 by NASA Published by The Aerospace Corporation with permission




re
<

Component Roles

(Supervisor, Teammate, Operator)
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Teammate Operator

Viewing collective Details of satellite =~ Controlling satellite

Interested In ) : : .
satellite behavior behavior behavior

Accomplish mission Complete low-level

Mission Goals  Meet overall goals  goals, but does not tasks related to
change them mission goals
Examples Project Manager Tech Lead Operations Team
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Assesses system performance against mission
objectives and sets command objectives that
change the collective satellite behavior to meet
the overall mission goals

State GPS TEC Formation




Teammate

Works with satellites in order to accomplish
mission goals without explicitly altering those

goals

Inter-Asset Comparison  ~

TIME

SAT 2

SAT 4

/2020 06:00:20

Updated Time




Operator

Must actively control low-level tasks on the
action level (e.g. teleoperation — controlling
remotel

ATS/RTS BUILDER

Filename:

WAIT(20) ®
DSA_COMM START

DSA_TEC START ®
WAIT(5)

DSA_AUTO START(2000)

WAIT(1800)

DSA_AUTO STOP

WAIT(1800)

DSA_AUTO START
DSA_AUTO STOP
DSA_AUTO NOOP
DSA_AUTO SEND_HK
DSA_AUTO RESET_COUNTERS

ONO A WN =

DSA_AUTO SET_MODE
DSA_AUTO SET_HETEROGENIETY
DSA_AUTO LIMIT_GPS
DSA_AUTO SET_LOG
DSA_AUTO RECONFIG
DSA_COMM START
DSA_COMM STOP
DSA_COMM HARD_RESET
DSA_COMM NOOP
DSA_COMM CONFIG_LOGGING IMPORT
DSA_COMM CONFIG_REPLAYING
DSA_COMM START_LOGGING CHECK
DSA_COMM STOP_LOGGING DOWNLOAD

DSA_COMM DELETE_LOGGER < modified>




™
Y
s T .
: -
;

»

4

e
- A
-

-

-
T
v




How do we...

Interact with the spacecraft as a
collective?

Display swarm autonomy?

Decrease external dependencies without
reinventing the wheel?
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e Stakeholders each hold a different role when
assessing interface

A2l ta keholder Requirements

e Need to be able to view swarm status as a
whole and single satellite data as needed

e Ease of access for different view modes
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Technology Stack
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Pings for a time and
plays back whatever is
available

\

ATS/RTS/Command
Builder




Listenability Matrix <= Map

Command Builder

Home | ATS/RTS Buildej| Map Demo

Satellite Listenability
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Timeline
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* Built using existing Cesium tools

* Controls information outputted in rest of
components
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S Listenability Matrix

Satellite Listenability Satellite Listenability
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* Shows connectivity between satellites
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e
¥ Upgrade for commercial use. Data attribution
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WCESIUMion,. ..

e See overall swarm positioning in reference to
the Earth

* Orbit path of the satellite



Dashboard

Satellite Dashboard
Search Sat No. or Name n
State GPS TEC Formation

Orbit Type: Highly Elliptical Orbit
X Position: 3794567.087
Y Position: 996966.9

Z Position: 5582371.01

Satellite Dashboard

500

State

Global State

GPS TEC Formation

Time

& S02-G24

 Multiple tabs for different views

* More detailed data



Dashboar

Satellite Dashboard Satellite Dashboard
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D00 00060060 606

 Multiple tabs for different views
* More detailed data
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Command Builder

Home | ATS/RTS Builder | Map Demo

e Build ATS/RTS - --
commands

* Check for flight [ s
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