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NASA Ames Intelligent Robotics Group

Overview
« 35 researchers (17 Ph.D.’s)
25+ student interns yearly
80% NASA work
20% non-NASA work
SBIR-STTR (Phase 1, 2, 2E, & 3)

Research themes

 Automated planetary mapping
= Base maps & terrain models
= Geospatial data systems
o Exploration user interfaces
= Robot & science operations
= Accessible science data
 Robots for human explorers
= Improve efficiency & productivity

e

= Free-flyers, lake lander, & rovers irg.arc.nasa.gov
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Interactive 3D Ul
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° Stereo VleWIng ?ﬁ::zxopﬁz:;m Gnu‘- Render  Light  Scene
« Background image & 5|
Simulation CET—
« Time of day lighting
* Viewpoint + pose
* Object kinematics ponpeee__|

Horizontal: W |
Site understanding tools Vet [s051

* Point, distance, azimuth N I
measure i

Elevation + slope maps

[ P57 Pranet Reset
:

« Sun + planet vectors
* Surface area measure Missions: MPL, MER, Phoenix, MSL
* Terrain cross-section Field Tests: K9/Mojave, IS Level 1, CDS

Markers + ancillary data
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Centaur (Robonaut): Grasping Tools

] Centaur

)O3

File Edit Window Admin
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T Centaur - Follow Mode View 2

3D Robot User Interfaces

1 Observer:image0_2.jpg 2 = O || ] EgoSphere Status &

= O || Centaur - Robot Eye View 2

[ Centaur - Top Down View &2

of

|

- =8

m(E

1 DCI Event Log Viewer 2

(1:35:31 PM) Motion Stopped in LJ2 -1.4699
(1:35:31 PM) Motion Stopped in LJ7 0.153
(1:35:31 PM) Motion Stopped in R14 -0.7218
(1:35:31 PM) Motion Stopped in RJ7 -0.1715
(1:35:31 PM) Motion Stopped in right arm
(1:35:32 PM) Motion Stopped in L34 -0.6722
(1:35:32 PM) Motion Stopped in left arm
(1:35:34 PM) Motion Started in RJ2 -1.4597
(1:35:34 PM) Motion Started in right arm
(1:35:35 PM) Motion Started in RJ6 0.2687
(1:35:35 PM) Motion Started in U2 -1.5614
(1:35:35 PM) Motion Started in left arm
(1:35:35 PM) Motion Started in L34 -0.5881
(1:35:36 PM) Motion Started in LJ6 0.3093
(1:35:36 PM) Motion Started in RJ4 -0.6663
(1:35:36 PM) Motion Started in RJ3 0.5723
(1:35:37 PM) Motion Stopped in LJ4 -0.5644
(1:35:37 PM) Motion Started in LJ5 0.7375
(1:35:37 PM) Motion Started in L7 0.115
(1:35:37 PM) Motion Stopped in RJ3 0.5469
(1:35:38 PM) Motion Stopped in LJ2 -1.6962
(1:35:38 PM) Motion Stopped in RJ6 0.3733
(1:35:39 PM) Motion Stopped in LJ7 0.0875
(1:35:39 PM) Motion Started in L2 -1.6085
(1:35:39 PM) Motion Started in L34 -0.6567
(1:35:39 PM) Motion Stopped in L35 0.6892
(1:35:39 PM) Motion Stopped in LJ6 0.4838
(1:35:42 PM) Motion Stopped in RJ2 -1.5381
(1:35:42 PM) Motion Stopped in RJ4 -0.6768
(1:35:42 PM) Motion Stopped in right arm
(1:35:42 PM) Motion Stopped in LJ2 -1.5873
(1:35:42 PM) Motion Stopped in L34 -0.674
(1:35:42 PM) Motion Stopped in left arm
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Hardware Faults

] Centaur

File Edit Window Admin
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T Centaur - Follow Mode View
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(1:36:26 PM) Motion Started in LJ5 1.0925 ~

(1:36:26 PM) Motion Started in LJ6 0.5251
(1:36:26 PM) Motion Started in left arm
(1 36:26 PM) Alarm Loss of ]omt in R]l 0.257¢

)¢ nt in RJ
it in

(1 36 26 PM) Mot|on not observable in RJ4 2 2558

f joint in RJ
(1 36 26 PM) Motlon not observable in RJG 0. 6589
(1 36:26 PM) Mot|on not observable in RJ7 0.3282
(1:36:26 PM) Motion Started in U3 -1.3056
(1:36:26 PM) Motion Started in L34 -2.2791
(1:36:26 PM) Motion Started in U7 -0.2339
(1 36: 26 PM) Alarm Loss of )omt |n RJ2 -0. 752
(1 36 26 PM) Alarm Loss of )omt in RJS Cl 936
(1 36: 27 PM) Mot|on Stopped in RJ7 0.3282
T Centaur - Top Down View &2 =0 'tp int in RJ7
(1:36: 27 PM) Alarm Loss of )omt in RJ6 0.659
(1:36:28 PM) Alarm Loss of joint in RJ3 1.211¢
(1:36:28 PM) Alarm Sticky joint in RJ6 0.659
(1 36:28 PM) Motlon Stopped in RJs 0. 659

)

) PI nt in RJ
(1 36 29 PM) Alarm Loss of jomt in RJ6 0.659
(1:36:29 PM) Motion not observable in R16 0.659
(1:36:29 PM) Alarm Loss of joint in R17 0.3284
(1:36:29 PM) Motion Stopped in L34 -2.3553
(1:36:29 PM) Motion Stopped in LJ1 1.0378

(1:36:29 PM) Motion Stopped in LJ3 -1.5685
(1:36:29 PM) Motion Stopped in LJ5 1.5606

(1:36:29 PM) Motion Stopped in LJ6 0.0149

(1:36:29 PM) Motion Stopped in LJ7 -0.014

(1:36:30 PM) Motion Stopped in LJ2 -1.6504
(1:36:30 PM) Motion Stopped in left arm
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ATHLETE Footfall Planning

- [ Athlete - athsim - 214
File Edn View Orbital Window Help

CRE Y|BSSO &

i .. IChFeetfallz3) T Imag... | O VizEx...| < O 1 Foatfallo 2

Remote Image Server
Host: |137.78.29.221
Root Dir: |/
Usemame:
Password
Local Image Logging
[ Save all incoming images
Temain: /tmpiterrain vBmvsei

Non-terain. tmp/images Browse |
]

Cameras Actions
Leg Nav Tool Haz

ATHLETE (JPL) | o
at Meteor Crater 2@

3@ Take Viz screenshol
4 0 Make stabiity map
5 Take A Step!
6 O 0O

Initiakze cameras
14 O f -
Send terrain request

Terrain Control

[ Raw Image ‘

» Tuvaub:hfy 1

[ subiy1 |
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'Load Current Dem

single/multi-step planning
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LETE Footfall Planning

File Edt View Map Window Help

e B B 0@ & &R K-
™ Footfall £2 [T} Scene Graph

Remote Image Server

Host

Local Image Logging

[¥] Save all incoming images

Terrain: | /usr/local/irg/localhome/vyt | Browse
Non-terrain: | /usr/local/irg/localhome/vyt | Browse
Cameras Actions
Leg Nav Tool Haz [ Send terrain request

10 0O —_————
) [ Make stability map J

2 L) [ e

3 [ l Take A Step! ‘

4 0 O Take A Planned Step!

50

6] OO0 4

Terrain Control Misc. Control

[¥] use Full Polygon

[ Hide CPS

[¥] show T
- Wi ___ Motion Plan for Leg 3.
Joint Move 0.7 abs hy3,-0.70856655 hp3,0.014065677,kp3,-1.5306919, kr3,0.07152762,ap3,-0.88354176,ar3,0.43718863

Raw Image

Traversability

preview || Send Cmd | Joint Move 0.7 abs hy3,-0.66386163,hp3,0.18786772,kp3,-1.3061118 kr3,0.03576381,ap3,-0.8672381 ar3,0.5281727

preview || Send Cmd
1pvevuew Send Cmd

Optional command to lower leg further

];;véw; Sen?iCmd tool move z 3 forkzw rvr_rel 0.2 std P I anne d C omiman O S € q UENCE:
Replan || Hide Ghost ' bﬂ‘

Joint Move 0.7 abs hy3,-0.6191567,hp3,0.36166975,kp3,-1.0815316,kr3,0.0,ap3,-0.8509344,ar3,0.6191567
Joint Move 0.7 abs hy3,-0.6191567,hp3,0.11536662,kp3,-0.95933294 kr3,0.0,ap3,-0.72683007,ar3,0.6191567

<]

b ]
|

[

EVRW: None

Batt [20:19:08]: ...Il Current: 128 A
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hoenix Lander: Manipulator Monitoring

Filter 1 (Red)
Filter 2 (Biue)
No Shadows

RAC

St

VRML

El: -73.49
earch Results

M Sol: 0 ( )
Type: DEM Tags: DEM, Filter 1 (Red),
E Ssi

Notes: Image of Lander Footpad just
after landing.

yotpad Model Sol: 0 ( )
Type: VRML Tags: VRML, SSI, Filter 1

itial Workspace Pan Sof* )
Type: VRML Tags: VRML, SSI, Filter 1

“" (Red)
Notes: Initial SSI workspace pan sub-
sampled (256 x 256)

ed) Sol: 1 (1/03:1)

' Type: VRML Tags: Filter 1 (Red), SSI,
No Shadows, VRML
Notes: Initial sub-sampled workspace Heading Az: - 0 Jim q
S A Shioes ! eadu?q z: -110.5 EL-125.6

0

£l: -90.58
8 Distance: 4.41 Zoom: 1 Viewpoint location:3.97,1.62,1.18

Pan: ! O » Tilt: 0.0 O Fly: 0.0 ‘ ) oL OR

896305412_10CF6 i

Class: TriangulatedirregularNetwork | Loading bundlcrc:wrc ?v/rfﬂ:a/ar"c/nercntor/phoenix/’.ondcf/phoemx-lander-)'91
Location: 0.0 0.0 0.0 s conm:ftcd hu Jun 12 16:30:01 POT 2008
« « . complete.
Radiug: 34173243 Loading http://localhost: 8080/Phoenix/Model s/VRUL/S01001/Ini tialNorkspacePanSubsampled- shadows - removed/SSOR1ONLE9EIR5412_10CF6. nrl
. complete.
Picked SSO1DNLBO6325412_10(F6 ot (1.0615844, 1.1410532, -0.9699459) from view ComeraViend
Picked SSOJ1DNLBIE305412_ 10(F6 ot (1.8629305, @.74746835, -0.8549665) from view ComeraViewd
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VERVE

3D robot user interface

* Interactive planning and
monitoring of space robots

* Facilitates situation awareness
« Multiple control modes

Technologies
« Java & Eclipse RCP
« Ardor 3D
 NASA RAPID/DDS messaging

Applications

 ATHLETE, Robonaut, K10,
K-REX

e |SS: Smart SPHERES and
Surface Telerobotics

» Resource Prospector mission

@3D Robot User Interfaces
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KREX Robot at Basalt Hills
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Surface Telerobotics Project

Summary

« Demo crew-control surface
telerobotics (planetary rover)

» Test human-robot conops for
future exploration mission

» Obtain baseline engineering data
(robot, crew, data comm, task, etc)

SURVEY

DEPLOY

Implementation
» Lunar libration mission simulation
« Astronaut on Space Station
* K10 rover in NASA Ames Roverscape

INSPECT

. L * Human-robot mission sim: site survey,
ISS TQStlng (Expedltlon 36) telescope deployment, and inspection
e 17 June 2013 - C. Cassidy, survey * Telescope proxy: Kapton polyimide film roll

] (no antenna traces, electronics, or receiver)
o 26 JU|y 2013 — L. Parmltano, deploy « 3.5 hr per crew session (“just in time” training,

« 20 August 2013 — K. Nyberg, inspect system checkout, ops, & debrief)

* Robot ops: manual control (discrete commands)

and supervisory control (task sequence)
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ISS Test Setup

ive” Rover
Sensor and
Instrument

Data
(telemetry)

Rover/
Science
Data (e.g.
imagery)

~""Jajsuel] 9|4 1S8)-1S0d 1§

Interface
Instrumentation &
Evaluation Data

P
“stoFramoName: "HMP2007SitoFrameZDowr’,
“sileOriginEast’: 419660,
“siteOriginNorth": 8373890,
“umZone 16,
“utmZoneL etter": X"

adi 3749385806814,

(command

sequence)
K10 rover at NASA Ames
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Robot Interface (Supervisory Control)

Suiface Telerobotics Workbench

X
Ede el Alert Bar Rover Status
Rower Status
Aorf23Api13 21:3003,378 Netice: Crowmember@SSC2 now controlsrobot  ~| | Ack 2 O Navigeson (O Hozerd Connacsion Connected
O Task Runnor O Paacroma Commendoble Yes GPS 23Apn1320 3144
Tip Press skip 1o skip a task: press play 1o resume Task Sequence. Tlp Bar O Fim Ow —
Run Task Sequence . Teleoperate Tab Panel Panorama
8 Task Soquence Cortos _ I
Load Task Sogmo ' ) “ A\ o ™ N
Neme  Tosfim g B Bird’'s Eye 5 BN | Rewo |
Oescripsion ATl 3D View > H
- Primary

EstDuroson 000230
Elapsed Time 000009
Swte Pouted

o

| Duresion | Command |5
B— = 000123 DOrvo

000001  Deployer
Task 000010  Orve

Sequence Run Task

Sequence -
- Controls

WLl INPULICn

000001 Pauso -
000010 Orwe

000001  Inspecton

000001  Pouse

000010 Orve ~|

Cul

(2] Help

ﬂ Ext

S

(232013213136 sem commond PAIISE_OUEUE Status Bar ‘

Terrain hazards Rover camera
@ display
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Robot Interface (Manual Control

Motion
controls

Camera
controls

—

l

 Dem im 4 2m

Rover path

Backward

Sem g im J 2m )
Rotate Left

15 ) S R )
Rotate Right
Ol | s ) w )

Panorama Inspection
Stant P | Snapshot
| Telooperate History | Time |

Surface Telerobotics Workbench x|
Elle Help
Rover Status
Aler{ﬂApriJ 00:26:00.875 Notice: Crewmember@SSC2 now controls robot O Navigation (O Hazerd Connaction Connocted
Q TaskRunner O P C dable Yes GPS 10Ap1323:30:29
Tip Send individual commands to the rover, O Film O Inspection Basey 615%
Run Task Sequence Teleoperate Panorama I
m Controls |Overlay Controls |Overlay I
— = Inspection
Stop Rover J % -
’ \ estore I
Forward 7 s

| 11Apr1300:25 58 Ground override disengaged
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Surface Telerobotics
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Surface Telerobotics

—————

- ulb, 26, 2013
On 36 Flight Engineer
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Smart SPHERES

ISS Mission Control
(Houston)
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Smart SPHERES Network Setup

Node 2
DTN

JEM
DTN Gateway SSC
Linux Service Partition Load

A TDRSS

auoyd
Hewg

Android Smartphone

Communications Test Application
R OCA-USB

\, /
N /)
NV

A WAP
JSC Building 30 ki
,\

OCA Ground

SPHERES WS Router White Sands
RedHat Linux Install

Java-based GUI

DTN Gateway
RedHat Linux Install
& )
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ISS Interior Survey with SmartSPHERES

l’ﬁcémber 12, 2012

Crew: Kevin Ford, Expedition 33 Commander 2x speed
‘
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Questions?

Intelligent Robotics Group
irg.arc.nasa.gov
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