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*Provide a microgravity
robotic research facility in

t

(
t

ne ISS US Orbital Segment
JSOS), which will replace
ne existing SPHERES

facility

*Provide remotely operated
mobile camera views of the

ISS USOS to enhance the
situation awareness of

mission contro

e Perform mobile sensor
tasks in the ISS USOS
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System Description - Hardware

Speaker/Microphone Terminate Button

NavCam Nozzle (x 12) Battery (x 4)

SciCam SpeedCam

Laser Pointer

HazCam

Touch Screen !‘~

’ N . ‘\ G v :
‘ m - i~ ' Impeller e ! PerchCam
- BT - ) \'\\“. ! ‘ /

\ .
0 PR Dock cup (x 2)

Power Switch _—?‘/i

/ /]
Wake Button

Forward Flashlight
Status LEDs

Dock 20-pin
connector

DockCam
Signal Lights

4= Bumper (x 8)

Aft Flashlight

* Free flying robot inside the ISS * Three smartphone computers
32 cm wide, ~¥9.1kg (2 batt., noarm) ¢ Three payload bays for expansion
« All electric + fan-based propulsion ~ * Microphone not currently enabled

* Robot arm for “perching”, ~1kg

July 15, 2019 IRG Mini-talk



Crew Control
Station

Free Flyers

* Communicates
through ISS WiFi
when flying

* Single _
telemetry/video
stream to ground

ISS Payload LAN

* Multiple ground e =
stations can connect Sands $§ " TT T

through server

. Astrobee Ground ISS Payload Ops
® La rge fl | e tran Sfe rs Relay (MSFC) Integration Center
° I (MSFC)
and software updates S
ulti-Mission Ops N
th rou g h Et h ernet on Center (ARC) | ISS Mission Control
th e d oC k _ l — Center (JSC)
Astrobee Data 2 Guest Scientist
Archive (ARC) Institutions

Astrobee communications path

July 15, 2019 IRG Mini-talk



* Vision-based navigation

* Compares features with on-
board a priori map

* Incorporates inertial
measurements

* Fiducials used for
autonomous docking

* Requires approximately 1 cm 3
position accuracy Feature map of the JEM-PM
* Visual odometry
* Robot can continue to navigate where no map features are
recognized

July 15, 2019 IRG Mini-talk 5



System Description - Perching Arm

Camera View Direction

*Designed to grasp
handrails

*Stows completely in
payload bay

* Acts as a pan-tilt unit
while perched

° Flexible and baCk- Camera View Directio\n4

Astrobee Perching Arm pan motion

drivable

* May be perched
manually

Astrobee Perching Arm tilt motion

July 15, 2019 IRG Mini-talk 6



System Description - Docking Station

Cooling fan Ethernet Power
Circuit intake port port

Coolingfan ) aakers Handle \x

exhaust

lance (x 4) AR target

Berth 20-pin  Panel Adjustable rear
connector (x 2) mounting bracket
*85cmx38cmx28cm e Fiducials used for visual

servoing to autonomously dock
* Magnets provide retention force

* Berths for 2 free flyers
* Provides power and Ethernet

July 15, 2019 IRG Mini-talk 7



e Astrobee Control Station
* Sortie planning tool

* Execution monitoring
* Live telemetry
* Image and video streams
e 3D virtual display

* Supervisory control (run plans or
single commands)

 Typically used by ground operators

* Crew Control Station runs on an
EXPRESS Laptop Computer (ELC)

 Server for archiving and distributing
Astrobee data

 Suite of engineering tools to
support maintenance and software
upgrades

July 15, 2019 IRG Mini-talk 8



Astrobee Control Station

* | Crew Control Station = e
Fide View Help

Run Plan Telecperation Guest Science

FreefiyerA v| Comm @ Control Est. Batt 239 Docking Station Q)
Health and Status Intializatson Robot Commandeng
Operating State Plan Execution -
Mobilay State Flying Hibernate File Juers\DW\Desktop\FPlans\Surveyl fplan
Operating Limets Default_Safeguard Plan Vald
Plan
Plan Status ecuting P
Descrption
Survey European Lab and US Lab
Live Telemetry Live images Live Video
Plan

Total Elapsed Teme 00:00:35

Plan Step Duration Success = —
o Surveyl //
-

56 Q@

Reset View

1-2 Segment

* 2 Station

Center on Bee

20 Wat
2-3 Segment
3 Station

34 Segment

4 Station

5-6 Segment

6 Station

17:3800 FreeFlyerA: Run Plan Pending
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Basic Conops

* When an Astrobee is idle, it charges in its dock
» Astrobees can execute complex plans with full autonomy
and no astronauts present
* Including undock, traverse multiple modules, return to dock

* However, Astrobees run with ground operator oversight

* When an anomaly occurs, an Astrobee generally stops and
waits for operator intervention

* It can continue operating during communication outages until
it encounters an anomaly

* The operator can always take over and teleoperate

* Astronauts can also be operators, but this is will likely be a
rare occurance (minimize crew time)



Hardware Status

* Docking Station
* Launched on NG-10-11/17/18
* Installed on 2/15/19

* 2 Astrobees (Bumble & Honey) and Dock Spares Kit
* Launched on NG-11-4/17/19
* Checkout of Bumble began 4/30/19
* Checkout of Honey around 7/25/19

* 1 Astrobee (Queen) and 3 Perching Arms
* Launching on SpX-18 — 7/21/19
* All hardware delivered and verifications closed
* Astrobee Spares Kit and Port Tester
 Launching on NG-12 —10/19/19
* On-dock 8/6/19



1. Checkout

* Crew inspects the robot
* Functional tests of all hardware

2. Calibration & Mapping
e Crew collects camera and IMU calibration data
* Crew collects mapping data of Kibo

3. Localization & Mobility

* Verify robot localization within Kibo
* Robot performs increasingly complex motions to test mobility system

4. Checkout & Calibration
* Combination of 1 & 2 without mapping

July 15, 2019 IRG Mini-talk 12



6. Ops Demo

 Demonstrate an operational mission scenario

7. Payload Installation
* Crew installs payload (perching arm)
e Functional tests of payload

8. Payload Demo

e Operational demonstration of payload (perching arm)

9. Performance Characterization
* TBD tests to further characterize Astrobee performance

10. SPHERES/Astrobee Hand-off

* Symbolic passing of the torch from SPHERES to Astrobee
* Completion of commissioning



Checkout

Calibration & Mapping
Additional Mapping
Localization & Mobility
Localization & Mobility
Checkout & Calibration
Localization & Mobility
Localization & Mobility
Checkout & Calibration
Localization & Mobility

July 15, 2019

Bumble
Bumble
Bumble
Bumble
Bumble
Honey
Bumble
Honey
Queen

Honey

IRG Mini-talk

Commissioning Schedule

Completed | Scheduled | Desired

4/30/19
5/13/19
5/23/19
6/14/19
7/12/19
7/25/19
7/30/19
8/13/19
8/20/19
8/27/19
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1st Flight
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* NASA JSC’s RFID-Recon (REALM-2)

* RFID reader allows inventory and searches for logistics reduction
* Launch on NG-12

e CASIS’s SoundSee (Astrobotic/Bosch)

* Microphone array that creates a sound map used to monitor health of on-board
systems

* Launch on NG-12
* Gecko Gripper (Stanford)

* Gecko-inspired end-effector for gripping of smooth surfaces
* Launch on SpX-18

e Zero Robotics (MIT)
* Middle school and high school STEM robotics competition

* JAXA Astrobee-IntBall Joint activity, Kibo-RPC

* Asia-region STEM robotics competition

» Astrobatics (Naval Post-graduate School)
» Software-only payload investigating propellant-less propulsion using a manipulator

July 15, 2019 IRG Mini-talk
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Fun with Robots

Questions?

IRG Mini-talk
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* Main components

Astrobee
| ) ) ]
[ Free Flyer ] Dock [ G Dotz ]
\ ) System

Asia-Pacific Regional Space Agency Forum
(APRSAF-26), Nagoya, Japan

November, 2019



Astrobee System: Free-flyer

. Battery
Terminate Button

Laser Pointer

HazCam

Touch Screen

Power Switch PerchCam

DockCam

Forward Flashlight Aft Flashlight

Wake Button

Signal Lights

Impeller Corner Bumpers

Status LEDs

Asia-Pacific Regional Space Agency Forum

N 201
ovember, 2013 (APRSAF-26), Nagoya, Japan



oee System:
lyer’s Hardware Payloads

Quick “No Tool” Payload Attachment 4X Fastener Payload Attachment
2X Lever 4X Captive
(open position) Fasteners

Lever engages and
disengages
payload connector
and provides
mechanical
attachment

Lever in “Locked”

Asia-Pacific Regional Space Agency Forum
N 201
ovember, 2013 (APRSAF-26), Nagoya, Japan



Astrobee System: Dock

Subsystem Breakers

Cooling Fan

i Cooling Fan Screen
Air Vent Deflector Main Power Breaker g

RJ-45 Connector

Power Connector

Free Flyer Berth AR Target
Asia-Pacific Regional Space Agency Forum

N 201
ovember, 2019 (APRSAF-26), Nagoya, Japan



,4 Astrobee System: Ground Data
System

* Provides control over the Astrobee free-flyer

e by the astronaut
e by ground controllers
e by Guest Scientists (GS)

* Enables data exchange between Ast
ground |

e GDS interfaces Middle Level Process

Executive

e GDS communicates through Executive with High
Level Processor (HLP) where GS Android Apps are
deployed

Asia-Pacific Regional Space Agency Forum

N ber, 2019
ovember, (APRSAF-26), Nagoya, Japan



Astrobee System: Data Flow

Link Legend
Queen ISS
‘ Ethernet/LAN
Honey ‘ Dock
Bumble Payload Crew
LAN Control Ethernet:
Switch Station Internal IP
LLP
Dock
CPU Ku-Band Ethernet:
‘ Internal and
MLP Payload LAN
5GHz 1
WAP NAS
; WiFi:
|| HLP Payload LAN
| Payload JSL ‘
Payload LAN uss
White
Sands Other/LAN
Operator/ Operator Ground
Ocperta tolr e Engineer Control Relay Ocpertatolr
ontro Control (POIC) (HOSC) ontro
GS
Institution ARC MMOC MSFC JSC MCC
November, 2019 Asia-Pacific Reglonal bpace Agency Forum 9
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Astrobee Robot Software
=

P ———— ———

[ Free Flyer ]

-

‘ [ Ground Data ]

System

Users Development I
Testbed Astrobee Robot
Software Scope /

November, 2019 Asia-Pacific Regional Space Agency Forum

(APRSAF-26), Nagoya, Japan

’________
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Astrobee Robot Software: Overview

e Astrobee Robot Software (ARS) is deployed on 4 cell phone
type processors (Astrobee + Dock) running Linux and
Android

e Astrobee contains 7 distinct microprocessors with custom
firmware + several microprocessors with Components Off—

|

The-Shelf (COTS) firmware

e Software deliverables includes:
— Custom firmware(s)
— Custom tailored Linux kernels
— Linux and Android Operating Systems
— ARS dependencies (third-party libraries)
— ARS Source Code < Open Source

Asia-Pacific Regional Space Agency Forum
(APRSAF-26), Nagoya, Japan

12
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Astrobee Robot Software: Overview

Astrobee Robot Software Overview

[AstrobeeJ
HLP
Android 7.1
a
= = R

a:ﬁsa:igilenze e g:;;'s'ﬁ“‘e ' => L HD Camera

Touchscreen
/ Speaker/Mic

/

L
/ MLP
Ubuntu 16.04

y

(m] localization

@ sparse_map
@ ar_targets
@ handrail

a
perch_cam

dock_cam

(=] a (]
haz_cam

dds_bridge sys_monitor

T

j a
= mobility =
e[ Femm

obstacle_detection '

\ \

A

LLP
Ubuntu 16.06\‘

(]

GN&C
EKF - CTL = FAM

ies, not flow of i

[Arrows are rep i P

Asia-Pacific Regional Space Agency Forum
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Astro

.,

[=] a [=]
Speaker Micrephene TouchScreen

bee Robot Software: Overview

.o Micrapracessor
Scicam [(System On Chip computer)

I

‘-‘,audle\\-\audla MIP-DS1 /MIPI-C
g 2

- I
X / |

winforces
HLP

Android 7.0

A
ProcessorLegend |
0 .

™~

lasange indicates magter
| if12C device

communication pratacel

indicated

(=)
|Micmcur|uollr_'rl.r:qcnd I ‘ DeviceLegend I
|

| i
| 1
Micrantreller with custam
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1
Hardware compenent (sensar
or actuator

=Wilfi=
»
155 Wifl
s
\
\.
“PIC» \
PerchArm \
|
|
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a (] (m] L]
BackLight FrontLight Laser MU
IS5 Paylpad LAN
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\-\_‘ Dock]
i e [»
A b Dock Computer
Netwark Switch Network Switch Ubuntu 16.04
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~ |
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|II
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A
November, 2019
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 Manage Astrobee sensing and actuation

* Localize and Navigate within the ISS ﬁ
g / /ji

e Perform autonomous docking

(+ return to dock) X
LS

e Perform autonomous perching

e Support teleoperation from ground

e Support plan based automated tasks

e Support “Guest Science” operations
e Support multi Astrobees communication 5

e Support hardware for multisensory human
interaction

Asia-Pacific Regional Space Agency Forum

N ber, 2019
ovember, (APRSAF-26), Nagoya, Japan




Astrobee Robot Software: Components

e Communication Framework (ROS + DDS based) Number or ROS nodes for a simulation: 36

Number of ROS nodes on Astrobee: ~48
(not counting HLP)

* Localization
e Marker less Flying
e Docking
e Perching

e Offline mapping for localization

e Pose Estimation + Propulsion Control (GNC)

* Executive Language files comment code
¢ Mode Management = ===
» Sequencer (Plan Execution) Ct++ 263 11078 45023
. Lua and config 76 2179 14380
*  Mobility C/C++Header 158 4232 8209
e Coordinates required subsystem Python 58 1798 6706
* Generates and validates trajectories CMake 150 3631 5624
*  Performs collision detection IDL MSG
SRV ACTION 148 0 5139
* Fault Management XML 163 309 4971
e @uest Science Java 70 1764 3822
Bourne (Again) Shell 83 853 2522
* User Interfaces Support YAML 4 29 294
e Simulator make 9 75 238
e Platform Management and development tools SUM: 1182 25948 96228
November, 2019 Asia-Pacific Regional Space Agency Forum

16
(APRSAF-26), Nagoya, Japan



Astrobee Robot Software: ROS

* ARS makes extensive use of the
open-source Robot Operating
System (ROS):

e Communication framework linking

all “nodes” running on the target service invocation
platform

* Try to maximize the re-use of Node
existing ROS messages benefit — ¥

from existing ROS packages

e Use ROS introspections tools to
rapid debugging

e Use ROS facilities to
record/replay/analyze data

* Use some ROS/Gazebo
components for the simulator

Toplc

Publication Subscription
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Simulator

Astrobee Robot Software deployed on Physical Robot

Astrobee Robot\

«CPU»

e ARS can run on:
 actual hardware on Astrobee e KN
(cameral IMUI PMC) — J[rzgfcorjrr:s s::image]
e simulated robot hardware on
a PC o =
sparse_mapping image_sampler

* both simultaneously ; \

e Simulation is possible by lf \5
enabling/disabling ARS

e I e m e n tS {?7%?£?$;1=;Landmark5] fgg%wtgg?ﬁﬁssa;;ﬁllﬁ:age]

* Simulator may be thought as e
a “software-in-the-loop” O 10
simulation of the free-flyer’s ‘
hardware drivers.

 Hardware drivers are Ty e = [y ey
§|mUIatEd Vla Gazebo Plug- }[’::rigf_msgs::\mu] /m?r:ggommand]
ins

13- ifi i PMC: Propulsion Module Controller
November, 2019 Asia-Pacific Regional Space Agency ForurT P

CTL: GN&C Control
(APRSAF-26), Nagoya, Japan
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Simulator

Astrobee Robot Software testing with Simulator

* ARS can runon: SeveTopmant Compaer\

e actual hardware on Astrobee —
(camera, IMU, PMC)

) = = . | =
e simulated robot hardware on A R N T
d PC V [ 1 A

* both simultaneously / g \
«ms; «mgg» “npg> 9"

* Simulation is possible by Q | 0
elnablmg/dlsablmg ARS oo g ivage]  foena maga) g o andmarks) (1 i Pekag Procormanci
elements

° SimU|ator may be thou ht as Astrobee Robot Software'\ROS fodes :

a ”softvyare—in-the—loopg’ —© N _ S f; _ é
simulation of the free-flyer’s e oy || mage e | | s ] en” [ o
hardware drivers.

* Hardware drivers are
simulated via Gazebo Plug- s

| n S /mgtfimg_sampler
[sensor_msgs::Image]

PMC: Propulsion Module Controller
CTL: GM&C Control
FAM: GNE&C Force Allocation Module

Asia-Pacific Regional Space Agency Forum

N ber, 2019
ovember, (APRSAF-26), Nagoya, Japan
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e Contains custom
propulsion system and
some localization

Sensors

e Gazebo-based dynamics
model, imagers, arm,
lights and ISS model

e Canrun all nodes on
desktop or some nodes

on target development
board

ht-Click/Mouse Wheel: Zoom. Shift: More option

Gazebo Rviz (ROS visualization) used to debug ARS

Asia-Pacific Regional Space Agency Forum

N ber, 2019
ovember, (APRSAF-26), Nagoya, Japan
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nee Robot Software:
1Zers

* ARS supports 3 main visualizers: Rviz, Gviz, and Sviz

e Simulation can run headless (without any
visualizer) or with any combination of them

e Rviz serves as an internal debugging tool from the
robot’s perspective

* Gviz describes several data streams (e.g. EKF, PMC,
etc.) to determine attitude/localization

e Sviz shows a 3D view of the ISS, the Astrobee free-
flyer, its arm, and obstacles



nee Robot Software:
1Zers

° My interact |5 Move Camera | [Select < FocusCamera ©5Measure .~ 2D PoseEstimate . 2DNavGoal @ PublishPoint & =

® RVI Z S| DEBUG: NavCam -

No Image

'No Image

B pisplays x
» & Global Options

» v Global Status: Ok
»® TF

» B Grids

» iRy 1SS

» jh, Dock

* i, Honey

* iy, Bumble

» s, Queen

v [ Debug

(LTI

Add

Reset Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click:: Zoom. Shift: More options. 30 fps

Asia-Pacific Regional Space Agency Forum
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nee Robot Software:
1Zers

. |
WK W) 1l

I I




nee Robot Software:
1Zers

OB |*%Z RAB0O|G.

Asia-Pacific Regional Space Agency Forum
(APRSAF-26), Nagoya, Japan

November, 2019
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e Ground communication
uses DDS middleware to
command Astrobee and
receive telemetry

Modules
included |

e Data Distribution Service
(DDS): standard enabling
secure real-time
information exchange,
modular application
development and rapid
integration
(www.rti.com/products/dds
-standard)

Asia-Pacific Regional Space Agency Forum

N ber, 2019
ovember, (APRSAF-26), Nagoya, Japan
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Ground Data System (GDS)

e Commands:
e Commands are defined

using XP-JSON schema e
* ARS defined a “ROS B -
Command” mlrrorlng the Astrobee 1 H-‘:v‘;‘ hn:-nl \-:::\mll Guest Science q::-:\F.;n- Test A1 Running Wm Geag Contral Smpl Terminate
DDS command structure | e [ ra| ot | e | e | e | e T | G G G
b Onboa rd AStrObee Guest Astrebes 3 | Nominal - Nomenal Crow Guest Scicnce Free Fight TstAd  Runing 255 Gean Contio! Siop Torminate _
Science or Ground e G e iy | =
Applications share the ey
same command T e [
dictionary with either DDS [
or ROS transport
e Telemetry:
* Internal uses ROS
Messages (using ROS
messages when possible) | S
i EXternaI uses DDS Simplified image for illustrative purposes

Messages (subset only)

Asia-Pacific Regional Space Agency Forum

29
(APRSAF-26), Nagoya, Japan
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Executive

* The executiveis
responsible for keeping . .
track of the Operating and Astrobee PlanExecution State (Executive)

mobility states of the
robot. o

e Responsible for forwarding
accepted commands to
the correct nodes and
informing the ground and
system on the status of
the command.

set_plan plan_completed

Paused pause_plan

run_plan 5!

Executing

e Communicates with
round via DDS-ROS
ridge

e Interfaces ground with the
High Level Processor (HLP)

Asia-Pacific Regional Space Agency Forum

N ber, 2019
ovember, (APRSAF-26), Nagoya, Japan
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Executive

° The executi\{fe iS e faAuztrobee Operating State (Executive)
responSibIe or keeping ref‘ponse. Can ble transition to from angr j\
track of the operating and el I g
mOblllty States Of the (by engineer) to return to Ready. |II,I'II
robot. ‘(L;L( g
. . stop I ___r@_p_la_; T
o ReSpOHSI ble fOI’ fO rwa rd | ng  Teleoperation ]——‘—‘"_Tl_lrlw_o};w_mpiet_&r"“ﬂ-: Ready Y plan_completed | PlanExecution
accepted commands to 0 J— e — “F—--Jzauﬂar--fz }
e idle - stop o~
the correct nodes and G -
I nfo rmi ng th e g ro u n d a n d dock_return (:eturn_complete I.stop ']idle

system on the status of
the command.

e Communicates with
round via DDS-ROS
ridge

e Interfaces ground with the
High Level Processor (HLP)

Asia-Pacific Regional Space Agency Forum

N ber, 2019
ovember, (APRSAF-26), Nagoya, Japan
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Executive

e The executive is
responsible for keeping
track of the operating and
mobility states of the
robot.

e Responsible for forwarding

“““““

accepted commands to

the correct nodes and
informing the ground and
system on the status of

the command.

e Communicates with
round via DDS-ROS
ridge

* Interfaces ground with the
High Level Processor (HLP)

Asia-Pacific Regional Space Agency Forum

N ber, 2019
ovember, (APRSAF-26), Nagoya, Japan
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Executive

* The executive is
responsible for keeping
track of the operating and
mobility states of the
robot. '

Astrobee Ground

* Responsible for forwarding
accepted commands to !
the correct nodes and I
informing the ground and
system on the status of
the command. data

e Communicates with
round via DDS-ROS
ridge

* Interfaces ground with the
High Level Processor (HLP)

Teleoperation } Ground Control Ops

Android Guest Science commanding

Guest Science Ops
Android Astrobee APl commanding

Asia-Pacific Regional Space Agency Forum

N ber, 2019
ovember, (APRSAF-26), Nagoya, Japan
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Command Dictionary

€ C O & GtHub
Command Dictionary

e Command Dictionary is a set of
functions either planned to be -
or already implemented on
Astrobee.

* |ts functions are implemented
in the Executive

Asia-Pacific Regional Space Agency Forum

November, 2019 (APRSAF-26), Nagoya, Japan
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=/ /github.com,

e These functions

* help control the robot via
commands

 allow guest scientist to start/stop
their Android apps from the
ground

GuestScience.startGuestScience
Start guest science APK

Parameter Type Default

Apk Name  string  required
GuestScience stopGuestScience
Terminate guest science APK

Parameter Type Default

Apk Name  string  required

Mobility.autoReturn

Dock Astrobee. Must meet dock approach preconditions (positioned at dock approach point, etc).

Parameter Type

Berth Number  long

Mobil

ropulsion

Stop propulsion impeller motors

Mol perch

Mobility.simpleMove6DOF
Astrobee teleop move command

Parameter Type
Reference .
string
Frame
Xyz Point

Xyz Tolerance

Rot quaternion

Mobility.stopAllMotion

Default

required

array[3].double

Notes

Specify which guest science APK to start

Motes

Specify which guest science APK to terminate

MNotes

Berth number can only be 1 or 2,

Default

155"

required

[0, 0, 0]

required

Motes

which reference frame to use

target point

Not used! Tolerance is dictated by the flight

mode.

attitude

target

Stop teleop motion. Stop plan execution and pause plan.

indock
k Astrobee

Mobili
Undo

Asia-Pacific Regional Space Agency Forum

N ber, 2019
ovember, (APRSAF-26), Nagoya, Japan
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Libraries

Pull requests  Issues  Marketplace  Explore

e Astrobee API Library i

e Java API/library wraps Executive’s e b
Dictionary commands and send them to '
the robot.

* Found at GitHub Non-NASA users
Astrobee Android repository

* If acommand is not being implemented
yet, the Astrobee Executive system will
return a failed command message.

Astrobee Robotics Software Guest Science Simple API

* Provide means to get data from the robot cetingstartea

Generating ARS ROS Messages ( ff_msgs )

e Utilized by the Guest Science Code
(Android App) at the HLP

Asia-Pacific Regional Space Agency Forum

N ber, 2019
ovember, (APRSAF-26), Nagoya, Japan
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Libraries

* Guest Science Library e

 Java library that enables GS BEHR) oraits
applications to be
commanded from the GDS o

e Sets a standard on how to
design and implement GS

apps

() E).(a m p | es Ca n be fo u n d at Astrobee Robotics Software Guest Science Library
GItH u.b Non'NASA users Information
re pOSItory

e Utilized by the Guest Science
IS_IeLrvice (Android App) at the
P
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Astrobee Ground
P = = = - -
HLP ! MLP :
! App :
I
. APl Impl. | .
1 <astrobee_api> I Executive
; data / cmd : T omd
: I
; |
|
; |
I ! |
; GS Service j_cmd I
. <gs_library> : I
| i .
— = - _—— s J e s e s s |
data
Teleoperation } Ground Control Ops

Android Guest Science commanding

Guest Science Ops
Android Astrobee APl commanding

— = = Android App internal calls
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Contents

e Astrobee System

e Astrobee Robot Software
e Simulator

* Visualizers

 Ground Data System

e Executive

e Command Dictionary

e Libraries



Guest Science Applications

e Guest Science Applications

* Two types:

* Primary (commands robot, gets data, internal computation,
payload communication)

e Secondary (gets data, internal computation, payload
communication)

e Standard components:

* GS APl implementation (astrobee_api)

e GS Service implementation (gs_science_lib)
e Remote capabilities from GDS:

e Starting/Stopping

e Custom commanding and data feedback



Guest Science Applications

e Guest Science Manager
e GS Manager is an Android App of its own (Android
Service)
e Manage the commands and states of the GS Apps
e Each GS App needs to provide an Android framework for
the GS Manager to use

* |n charge of interfacing GS Android Apps and the GDS
through the Executive system and the DDS-ROS Bridge
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Astrobee Ground
g o mmo . |
! HLP I MLP ;
: App [ ;
| | I
i <aﬁrPoIbI::Te]E)a!‘pi> ' Executive :
: I {u -
. data / cmd : I
: | ;
| | | I
: | | .
! e ROS sl !
! i © Nodes °
; GS Service : 0 |
! <gs_library> I ;
: | ;
! : Jv | cmd
I -
' : DDS-ROS 1
' GS Manager : < ;
! Bridge !

*Teleoperation is not represented in this data/cmd flow diagram

Android Guest Science commanding
Guest Science Ops

Android Astrobee APl commanding
= = = Android App internal calls
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Guest Science Applications

Astrobee Guest Science Architecture

/ Astrobee \

High Level Processor Mid-Level Processor

Guest Science Telemetry All Telemetry

Guest Science Manager

All Commands

Executive
" A =
2 D
n E
El, g = Commands Commands
tgo S8 from Guest
v i g x ‘5 Science ‘ g
k7] < & g
N =n !
é v L
Commands
EKF P
Guest _ . - <
i elemetr
Science y Telemetry
Library >
v
- Mobility

Guest

) Astrobee
Science API

APK

. /
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