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What's changed since Apollo?

Mars Rovers
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New Ways of Exploring

Part 1: Robots for human exploration
« Complement & supplement humans
» Off-load “unproductive” tasks
» Before, supporting, & after humans

Part 2: Neo-geography
« Automated planetary mapping
« Easy access to planetary data
» “Desktop exploration”

Part 3: Exploration GDS

* Reusable software tools for
distributed science operations

» Web-based & open standards
* Plan, monitor, explore
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Part 1: Robots for Human Exploration

Robots before crew
« Scouting, prospecting, etc.

« Site prep., equipment deploy, etc. s

] VPN

Robots supporting crew Hauler
* Inspection, mobile camera, etc.

» Heavy transport & mobility

Robots after crew
* Follow-up & “caretaking” work
» Close-out tasks, maintenance, etc.

Human-robot teaming
» Coordination

» Cooperation

» Collaboration
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Robotic Recon Experiment

Objectives
* Test robotic recon ahead of crew

* Test coordinated human-robot
field exploration

* Fold lessons learned into lunar
surface science ops concepts

Results

» Captured requirements (instruments,
comm, nav, etc.) for robotic recon

» Assessed impact of robotic recon on
traverse planning & crew productivity

» Learned how to improve human
productivity & science return

M. Bualat et al. (2011). Robotic recon for
human exploration: method, assessment, \
and lessons learned. GSA Special Paper. Space Exploration \[eh|c|e
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Why |Is Recon Useful?
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Field Experiment (2009)

Pre-Recon Robot Mission Pre-Crew Crew Mission

VA

el

[} Marbled Terrain South of Flow

Mar 1 — June 1 June 14 — 26 July 1 — Aug 15 Aug 29 — Sep 3
« Satellite images « K10 at BPLF « Recon images « SEV at Black Point
» Geologic map » Ground control » Terrain models

» Science backroom
at NASA Ames at Black Point
Planetary exploration REINVENTED
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Lunar Analog Site: Black Point Lava Flow

Black Point Lava Flow
« 65 km N of Flagstaff, AZ

« Analog of the “Straight Wall”
(Mare Nubrium / Rupes Recta)

« Basaltic volcanic rocks &
unit contacts
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Collected Recon Data

West /

(pre-regdn)
7 /1

W o

-+Google

(pre-recon)

he N

8.5 GB data collected (52 hrs of robotic recon operations)
39 LIDAR scans, 75 GigaPan, and 95 terrain images
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Orbital Data

100% scale

LA
Image USDA Farm Service Agency a-zoogc’oogle v
/.

© 2009 Tele Atlas

Digital Globe QuickBird (60 cm/pixel)
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Surface Data
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Surface Data

3D scanning LIDAR (250 m range, 3 mm depth resolution)
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Crew Mission

Space Exploration Vehicle (SEV)

» Prototype pressurized crew
vehicle for lunar operations

« Two “suit ports” for rapid (15 min)
egress and ingress

« 20 km/hr max, active suspension
« 3.5 x 5 m (wheelbase x length)

Crew A
« Mike Gernhardt & Brent Garry

« W1 (pre-recon) + N2 (post-recon)
traverses

Crew B
« Andy Thomas & Jake Bleacher

* N1 (pre-recon) + W2 (post-recon)
traverses

xploration Vehicle
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Robotic Recon Results

“West” region
* Pre-recon plan was designed
to be Apollo-like

= Rapid area coverage
(visit 5 geologic units)

. S|ng|e visit ‘ : ’.? .- : B020A 0.9 MII‘C‘. VL}LOA 10_PWL
. AR 8 3 ©,£020A 08
» Post-recon planis BRSO 2
significantly different PR 00 s1’ BN
= More flexible & adaptable Rl i Y B i

= Recon data supports
real-time replanning

* Impact of recon
= Reduced science uncertainty
= Improved target prioritization

B Pre-recon

T. Fong et al. (2010). Assessment of robotic
recon for human exploration of the Moon.
Acta Astronautica 67 (9-10)
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Robotic Follow-up Experiment

An exploration problem
» Never enough time for field work
* “If only | could have...”
= More observations

= Additional sampling
= Complementary & supplementary work

The solution
» Use robots to “follow-up” after humans

* Augment human field work with
subsequent robot activity

» Use robots for work that is tedious
or unproductive for humans to do

M. Deans et al. (2011). Field testing robotic
follow-up for exploration field work. Proc.
of the Lunar & Planetary Science Conf.
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Why is Follow-up Useful?

~  — e —
T -~ APOLLO 17 o
N T N NORTH MASSIF SCULPTURED HILLS
N e \
~—— - - " all \
COCHISE N
SHAKESPEARE
. . RN Vg
o Landing Site v
z , VAN SERG
O : LAV T
e B LA ive CAMELOT
3 it
S EVA2 y .
- — ¢ ’3
- “SHERLOCK

¢)

Shorty Crater

UGHT MANTLE

2A
L/ LRV 4

2

~
~
~

N

\

~
SOUTH MASSIF

@ Planetary exploration REINVENTED 21



Lunar Analog Site: Haughton Crater

8 HAUGHTON &
CRATER [

» Devon Island: 66,800 sqg. km
« Largest uninhabited island on Earth
« Haughton Crater: ~20 km (diameter), ~39 Ma (Late Eocene)
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Haughton Crater

Haughton Crater
(75° 22’ N, 89° 41° W)
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Haughton Crater

Shackleton Crater Y VA Cra
2005 Arecibo radar image radar image

 Polar impact structures: mixed impact rocks & ejecta blocks
« Subsurface water ice
 Remote, isolated, difficult to access

@ Planetary exploration REINVENTED 24




Crew Mission (July 2009)

Mark Helper
and Pascal Lee

Geologic Mapping
« Document geologic history,
structural geometry & major units

« Example impact breccia & clasts
» Take photos & collect samples

@ Planetary exploration REINVENTED

Essam Heggy

P . and Pascal Lee

Geophysical Survey
 Examine subsurface structure

3D distribution of buried ground
ice in permafrost layer

« Ground-penetrating radar:
manual deploy, 400/900 MHz

25



Geologic Mapping

stratified contact between
sediments carbonates

View East Gray carbonate
into crater breccia

@ Planetary exploration REINVENTED 26




eophysical Survey

distance (m)
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(w) ydap

(w) ydap
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Robotic Follow-up Plan
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Imagery. l)gte: Jul 11, 2067
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Robotic Follow-up Results

Geologic Mapping
 Verified & amended the
geologic map in multiple locations

* In some places, robot data was
ambiguous, or lacked sufficient
detail to re-interpret the map

Geophysical Survey

« Enabled study (correlation of
surface & subsurface features) of
“polygons”

» Determined average depth of
buried ice layer

T. Fong et al. (2010). Robotic follow-up for
human exploration. AIAA-2010-8605.
Proc. of AIAA Space 2010.
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New Ways of Exploring

Part 1: Robots for human exploration
« Complement & supplement humans
» Off-load “unproductive” tasks
« Before, supporting, & after humans

Part 2: Neo-geography
« Automated planetary mapping
« Easy access to planetary data
» “Desktop exploration”

Part 3: Exploration GDS

» Reusable software tools for
distributed science operations

* Web-based & open standards
* Plan, monitor, explore
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Part 2. Neo-Geography

Overview
« Revolution in mapping
» Revolution in geographic tools
« LOTS of planetary data ...

Modern planetary mapping
 Satellite imaging (Moon, Mars, etc.)
« Automated map processing
 Live mission data

Desktop exploration
« Easy access to planetary data

 Reach millions of users
(very low barrier to entry)

* Neo-geography browsers

(Google Earth, WorldWideTelescope) m
Microsoft Research

@ Planetary exploration REINVENTED 32




More and More Planetary Data

400

M Mars missions
B Lunar missions
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Source: B. Archinal, L. Gaddis, et al. (2007)
“Urgent Processing and Geodetic Control of Lunar Data”
Workshop on Science Associated with the Lunar Exploration Architecture
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Really Big Images

Traditional mapping

« Human-intensive
cartography

 Manual control &
error analysis

* Maps take years

to complete HiRISE

20,000 x 40,000

Digital imagery
« Cameras keep
getting better
« Higher resolution &

dynamic range
MER Pancam B

» High-res digital 1024 x 1024

scans of old film MSL Mastcam H
1200 x 1200

MOC-NA
2048 x 4800
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Automated Stereo Image Processing

Credit: NASA SP-362, Ch. 1

Panoramic camera
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Map Processing Pipeline

Data Sources

ARC

HTTP Clients

Push

Mosaicking r—»l Tiling I

Pull

Push
Stereo Generation —| DEM Production
Push ;
Local .
*| image Bundle Adjustment
; Storage :
O o S Pleiades -- -

@ Planetary exploration REINVENTED

Google

36



Mars Terrain Models

MGS MOC Narrow Angle

» Collaboration with Malin Space
Science Systems

» Adapted Ames Stereo Pipeline to
orbital images

MRO Context Imager (CTX)
* Collaboration with CTX Team

* Provided rapid turn-around
stereo modeling

Mars Express HRSC
» Collaboration with USGS, DLR

« Formal comparison of Digital
Elevation Model (DEM) products

e Four controlled data sets
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Lunar Terrain Models

Panoramic
Camera

Apollo Metric Camera

« Systematic creation of
image maps & DEMs

* Refinement of the Lunar

geodetic control network
(with USGS)

* NASA Lunar Mapping &
Modeling Project

@ Planetary exploration REINVENTED

Apollo Panoramic
Camera

3D terrain model of
Taurus-Littrow valley
(Apollo 17)

» Featured at the Hayden

E Taurus-Littrow Planetarium (American

(140x17 km, 40m/pixel) Museum of Nat. History)

Hadley Rille
(40 m/post DEM + 10 m/pixel image)
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Apollo Zone Digital Elevation Map (DEM)

@ Planetary exploration REINVENTED

Mosaick of 4,000 images
» Apollo Metric Camera
» 73,728 x 368,640 pixels

Equatorial Lunar Surface
(38S-34N lat)

« 1,024 pixel / deg

« Vert. acc 40.9m (LOLA)
* Vert. stdv 37.8m

* Horiz. acc 91.3m (LOLA)

Controlled to LOLA
through LRO-WAC

40,000 CPU hours
(4 days on Pleiades
supercomputer)




Apollo Zone Digital Image Mosaick (DIM)

Reconstructed albedo using lunar
Lambertian reflectance model
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Mars in Google Earth

Explore Mars in 3D
» Released Feb. 2, 2009
» Co-developed with Google

 NASA Ames created content
& processing scripts

Content

» Global maps: topography,
infrared, historical, etc.

Chryse Planitia Surfaces

This image shows part of the surface of Chryse Planitia, near the
mouth of several of the giant outflow chany o carved by fadee
floods. At this location the channel is much 100 large to be

within a HIRISE image, and this shows an area of levs elpla s near
the mouth

Tun geckogc unfs are e i tis st a ety dark earse 1§ ||

n the southen nnanavme image, and a light slgmyng

stnding aroa along the norten edge. The ightunt may be
male rial maY has ncwed 0 rom

 Imager footprints & overlays
(HIRISE, CTX, MOC, ...)
* Mars rover tracks &
color panoramas
« Tours (Bill Nye & Ira Flatow)
* Live from Mars: THEMIS
 And much more ...

@ Planetary exploration REINVENTED

-Google

..Google




Moon in Google Earth

Explore the Moon in 3D
» Released July 20, 2009
» Co-developed with Google

 NASA Ames created content
& processing scripts

nnnnnn er: Plunging Into the Ocean of Storms

Content

» Global maps: topography,
geologic, historical, etc.
Spacecraft imagery: Apollo,
Lunar Orbiter, etc.

3D models of spacecraft,
landers, and crew rovers.
Tours (Andy Chaikin, Buzz
Aldrin & Jack Schmidt)

And much more ...

~Google
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¥ Search : o < W A

Fly To Find Businesses Directions

Fly to

¥
Cy

¥ Places Add Content

& My Places
O Temporary Places

¥ Layers
Primary Database
¢ Geographic Web
== Roads
&3 3D Buildings
Street View
Borders and Labels
Traffic
Weather
Gallery ,
Ocean Data SIO, NOAA, US. Navy, NGA, GEBCO, -~

Global Awareness Image © 2009 DigitaiGlobe & / :anO()Sle
*

Places of Interest Image © 2009 TerraMetrics

More
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WorldWide Telescope: Mars

Explore Mars in 3D
» Released July 12, 2010

» Co-developed with
Microsoft Research

* http://worldwidetelescope.org

Content

 Largest digital image mosaic
of Mars ever created

 Historical maps

» Guided tours (Carol Stoker
and Jim Garvin)

o ars

¥ass NEBULA Cloud Computing
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INPUT

OUTPUT

~f“\ = "/\ (V \

T T, =

MOC HiRISE
Total # of images 74,359 13,342
Pixels / Image |6 Megapixels 1.25 Gigapixels
Total Image Tiles ~38 Million ~526 Million

Total Mosaic Size 12 Terabytes

843 Gigabytes

44






Ames Stereo Pipeline (ASP) for Earth

ASP for Earth (open-source)

» High-quality stereo correlation
for large satellite images

« Camera models for NASA
satellites, DigitalGlobe
satellites, RPC imagers, etc.

* Linux/OS-X command-line tools
(desktop to super computers)

Performance

« Approx. 5 min CPU time / km?
(NASA Pleiades supercomputer
with 3 GHz Xeon processors)

* 5 hours for DigitalGlobe stereo
imagery subsampled to 1 m/px

* 60% success rate without any
human intervention

" Colorized DEM of Basalt Hills Quarry (CA)

derived from Digital Globe WorldView
Planetary exploration REINVENTED 46




SRTM vs. Ames Stereo Pipeline

I.' , e \ -
r 5 15" J
- . y e
34 s‘)’ l

— : /" : | ..
. : ¥ 2 ﬁ\

Shuttle Radar Topograp-hy Mission Arhes Stereo Pipeline
(30 m/pixel) (DG WorldView, 1.5 m/pixel)
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South American Glacier

Hill shaded S
digital elevation map Credit: M. Willis
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Jakobshavn Glacier

%WorldView DEM Mosaic (7/9/10-7/11/10)

Elevation (m WGS84)

Greentand

3-5 m/pixel
2,500 km?
(6 input images)

Credit: D. Shean
(Univ. of Wash)

Planetary exploration REINVENTED
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New Ways of Exploring

Part 3: Exploration GDS

* Reusable software tools for
distributed science operations

» Web-based & open standards
* Plan, monitor, explore
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Science Mission Support

Label Note Still Video

RESOLVE-20120714T231723-000000
sponge area of barrel sponges

Ri 20120714 17,
Timestamp: 2012/07/14 23:17:23 UTC
Longiude: 155467816492
Lasite:  19.761€03798

Full Video

Compressed
Video

Full Video
Compressed
Video

Full Video
Compressed
Video

Full Video

Compressed
Video

sponge space sponges

other completed first pass M

other going in reverse

other start moving to waypoint

Full \lidan

BEFORE DURING AFTER
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Exploration Use Cases

2007 2008 2009 2010 2011 2012 2013
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Exploration Ground Data System (xGDS)

xGDS is ...
« Map content management

Planning tool

Real-time plots, maps, notes

Post-processing data archive

Browse and search tools

Users
 Field scientists
Planetary scientists
Mission planners
Flight controllers
Local & distributed teams

Artemis Jr. /

L\ g r
e

0 15 30 45 60 75 90 105120135 150
Neutron Spectrometer Sn (counts/s)
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Architecture

Data
Path Crew Vehicle Robot Payload
Planner tracking tracking tracking data Iy e
S
J
)
J
p
4
xGDS
User
SRR Interfaces
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Map Server

N

Willow,Point Transect

lodring 'y

A
\SouthiBasing

microbialite rockslide

Contact ID; Contact0037

Class Time: 2010-07-06 15:54:54
Lat 51.001594

Lon: -121.779974

R

South Mooring 0
7 |

g Directions: To here - From here
o microbialite rockslide .

mage £/2011Froyince of Bitish(Columbia;
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Web Planner

Exploration Ground Data Systems

NASA ISRU

Export: KML
Targets
Name Ref Notes
Waypoints and Segments [Reverse Order]
Num Name H:M Notes
Choose ¢
Start 0:00
Choose +
61° 51m +0:12
Choose ¢
3 012 study reddish unit
o 2 Choose =+ |
0 PH Lander 39 PH Lander 4 337° 37m +0:.09
Choose +
g study light toned unit
() End e Start Choose + |
PH Lander2 '© 206° 20m 50:05
Choose
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Tracking

¥ Search

0 Find Businesses Directions |

Explotatlon Ground
Data Systems

Flyto e.g., San Francisco

¥ Places
v W& My Places
» MDD S

Make sure 3D Buildings
layer is checked . ; J o ; A e
v (=K Temporary Places R P s Y i D (T ONO
v (S} DRATS 2011 Map & % S R ol T gttt P lyr
v [SHS DRATS 2011 Map R A - ;
» = Plans
v [=¥3 Prior maps
» [ Geology
V%) DRATS xCDS Logo
> @ Live Telemetry

% D.
¥ Layers Earth Gallery »
v [=l% Primary Database
» M¥ Borders and Labels
ME Places
» M= Photos
= Roads
&3 3D Buildings
=M} Ocean
%% Weather
(% Gallery
@ Clobal Awareness ¥4 g A AN A s .
3 More : : - 3/5y O R R S imager 20 Pl iGeok e e
A . 3 #2011 Google
Imagery Date: 6,20/201'1 1992 35, 4102351 NI 28°02.97 "W elev 1582 m tyelalt 1.99'km
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-'\l' Google

CLive Tue, 17 Jul 2012 23:36:15 ... Wed, 18 Jul 2012 00:27:30 UTC
Neutron Spectrometer Sn (counts/s) 23:07:28 40.667
150
100
B0 A A A AN A A AN A A e e A AR AN A NN SN IS AN AN NN i AN AN S
0
23:40 23:45 23:50 23:55 0:00 0:05 0:10 0:15 0:20 0:25
Drill Thrust (N) 23:48:04 4.860
100
50
o A
23:40 23:45 23:50 23:55 0:00 0:05 0:10 0:15 0:20 0:25
Drillhead Position (cm) 23:48:04 28.178
100
50
0 /
23:40 23:45 23:50 23:55 0:00 0:05 0:10 0:15 0:20 0:25
NIR Water 1  00:26:30 0.341
0.40
0.35
090 MMM
0.25
0.20

23:40 23:45 23:50 23:55 0:00 0:05 0:10 0:15 0:20 0:25

Plots

[ Neutron
Spectrometer Sn/Cd
Ratio

™ Neutron
Spectrometer Sn
(counts/s)

[ Neutron
Spectrometer Cd
(counts/s)

# Drill Thrust (N)

#™ Drillhead Position
(cm)
™ NIR Water 1
CINIR Water 2
INIR Bound OH
CNIR Grass
[ Latitude
[ Longitude
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Raster Maps

Artemis Jr. /

Q\f;‘;

0 15 30 45 60 75 90 105 120 135 150 @Live Thu, 19 Jul 2012 20:50:46 ... Thu, 19 Jul 2012 21:24:57 UTC Plots

Neutron Spectrometer Sn (counts/s) 21:15:25 54.978

[ Neutron
150 Spectrometer Sn/Cd
Neutron Spectrometer Sn (counts/s)
100 @ Neutron
Spectrometer Sn
50 (counts/s)
() Neutron
0 Spectrometer Cd
(counts/s)
0 Drill Thrust (N)
NIR Water 1 [ Drillhead Position
: (cm)
075 #NIR Water 1
050 CINIR Water 2
: [INIR Bound OH
CINIR Grass
(O Latitude
000 [ Longitude
() Sun Altitude
(degrees)

0.25
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onsole Log

ann Console Log - NASA Desert RATS

Show (50 § entries Search:
Simulation  Console Test Timestamp
) Position  Condition  (HH:MM:SS) * 09 Entry image Author ¢ Category
D-RATS ¢ 2011-09-09 Last three samples wrap up: Sampled lower mud: i d interbedded lark, li
2011 EV2CT Condition 7 21:38:45 mudstone/siltstone, and then intemed sandstone above rmdlulmone C Naclyn S ng
D-RATS 2011-09-09 " - IClark.
2011 EV2CT Condition 7 213817 Sample 0513 middle unit, lower of the red sandstone unit r oss Uaclyn Sampling
D-RATS 2011-09-09 Sample 0512, lower unit, sand with shale, adj 10 piece with ripple Clark,
o EVZCT  Condon7 201108 T — referenced = sawing
9 Huge problems with this EVA due to miscommunications and lots of data H
QOT‘ATS IM Condition 7 g?gsgam problems. Cameras were paichy at best, never got control of camera 1, never m ag es Srcher. None
: got GPs down, etc. Pretty hard 1o evaluate condition. oug
EV4: Sample 0103 (md Sandm’) eonnxl szmznmmmﬁm&m
D-RATS 2011-09-09 Crossing bas ce._ SO w fpatures on Watkins,
2011 SHICT Condion4 210000 basalt with soi i lows for Jessica  Sampling
ol sox Real tlme notes
EV4: Sample 0530- Platy red material- two fragments from larger material that is
naturally fractured (no hammer necessary- float). Weathered surface
reddishannish color, texture like a basketball. Small submm blackish grains
D-RATS 2011-09-09 (biologic or phenocrysts or inherent) and whitish grains. Other/underside is more Watkins,
2011 EVICT Condition 4 51.60:00 homogenous, reddish brown undulating surface; side surtace demonstrates Jessica Sampling
vertical stratigraphy with darker band in méddle, lighter on sides; some
phenocrysts, sub mm crystals, glint in sun (second half from scicom). Sample:
SEVA-20110909-205751-C17 Context: SEVA-20110909-205434-C17
D-RATS 2011-09-09 Comm with EV1 was out for most of the EVA. Could only hear her on Big Loop. Steele,
2011 Ops Condiion 7 20:59:48 Sentan EVAIS text o let her know. Paul None
EV3: Sample 0529 taken at second anchor station. Soil sample from shovel.
D-RATS 2011-09-09 Includes tannish silt soil like texture of soil underlying broken sandstone Watkins,
201 EviCcT Condition 4 20:52:00 tannish-reddish in color, Small heavily weathered vesnculal basalt fragments Jessica Sampling
Sample: SEVA-20110909-205248-C17 Context:
25 m in front of rover, stratigraphy: from bottom up, maroon colored shale w cm
sized chips, then red fine-grained sandstone 20 cm thick, then interbedded
D-RATS EV2CT Condition 7 2011-09-09 shale (20 cm) and siltstone (package 1 m thick), then sandstone 1.5 m-2 m thick, Clark, Imagi
2011 20:49:45 then succession of shales, then a bed of fine sandstone and siltstone, then 2 m Jaclyn g
poorty-sorted mudsione, then 1.5-2 m thick capping sandstone (unit bd4) SEVB-
20110909-204035-C18
25 min front of rover, stratigraphy: from bottom up, maroon colored shale w cm
sized chips, then red fine-grained sandstone 20 cm thick, then interbedded
D-RATS . 2011-09-09 shale (20 cm) and siltstone (package 1 m thick), then sandstone 1.5 m-2 m thick, Clark, ;
2011 Ev2CT Condition7  20.49:45 then succession of shales, then a bed of fine sandstone and siltstone, then 2 m Jaclyn Imaging
poorty-sorted mudsione, then 1.5-2 m thick capping sandstone (unit bd4) SEVB-
20110909-204935-C18
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allery

hetp://10.10.80.5 /xgds_drats /drats /CrewFiekdNotes/

NASA Desert RATS

RN - e s

Desert RATS xGDS - Science Interface [Google Earth NetworkLink] mdeans logout 110809-20594 (Go)

SEVA-20110909-205751-C17 4 days ago
lat (unknown)
weading (unknown)
time 2011-09-09 20:57:51 GMT
or (unknown)

(2]
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Pavillion Lake Research Project

Science objectives
« Map lake geology & biology
« Study microbialite formation

Challenges

 Distributed science team
= Submersible pilot / scientist
= Remote science team

» Real-time (re)planning

» Long-term data analysis

Planning needs
« Maps of the lake and surrounding area
» Data from past & precursor missions
« Where can we go & not go?
* Where do we need to start & end each flight?
» Coordination and collaboration
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Web-based Planner

Exploraton dive in the North part of Kely Lake - follow the 20m contour

220 Choose
103m =009 Choose

durations10mn; note any changes n substrate or

Choose < MOMEMOGes

Choose

note siope angle; transect and instrumentation
should be at this location - make not when you
Choose v pasthem

Choose w SpeedsQ.1; closer nspection of marl bench

f { Choose
- ! |[ i
Image © 2011 Province of British Columbi

©:2011 Gocq'q" [ [ l.‘ ; Map Layers
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Monitoring

Microbialites g
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Replanning
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Map Display
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Data Browsing
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Viewing Data

Microbialites

Note: Microbialites

Description: vertical ransect on bed of microbialites that are nodular with territe
Time: 2011-07-24 14:2137

Lat: 51.006804

Lon: -121.776962

Altitude: 1051.200 m

Depth: -13.800m

Video |l

Microbialites

Directions: To here - From here W

" >
_,:m..Goo«;lC
. - C
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Timeline

‘eno Flight 20090710A Event Timeline
| <[>} e 5z [+ ) mnup://192.168.1.201/PLRP/DW_Data/20090710A/200907 10A timeline. htmi AQ-

[I1 NASAv Amesv News (2342)v Populary personalv.
) 20090710A Event Ti... |€ ex of /PLRP/D €3 20090711D Event Ti... | £) 20090712A E

2009-07-10 12:38:49 microbialites A lot of scattered small microbialites. This is a place to check Lat: 50.853838

if mbs are growing on rocks. Depth is 32 feet. Lon: -121.727252
e A lot of fallen trees in the area. Some have microbialite Lat: 50.853608

P18 1A . cover. Some might be large microbialites. Lon: -121.727217
20090710A-12443615 Lat: 50.853390

2009-07-10 12:44:34

Stll | Video | Half Res Video Lon: -121.726739

——-
Lat: 50.853268

2009-07-10 12:46:39 trees Lots of trees with microbialites. Lon: -121.726532
i . Lat: 50.853312

2009-07-10 12:47:44 note This is a good spot to look for a spring Lon: -121.725999

2009-07-10 12:48:09 trees Log with a large microbialite growing on it. 17 feet. Lat: 50.839294

Lon: -121.725928

Lat: 50.853131
Lon: -121.725915

20090710A-12503004

2009-07-1012:50:29 | gy vigeo | Half Res Video
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Development Lessons Learned

Open standards: HTML & KML

« Easy to create, distribute, and visualize content
- Focus on data, not on software

» Google Earth, Firefox/Chrome/Safari
- Reduces development and training time

 Facilitates integration with standards-compliant 3rd party tools

Modular implementation using open source
« Apache, MySQL, Django & Python, jQuery & JavaScript
* Focus on writing the “glue” between mature modules
* Quickly prototype new solutions/features

http://xgds.org
* Cloud hosting soon (Google AppEngine or Amazon EC2)
» Open-source release (Apache 2) this fall
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Conclusion

New ways to explore . 4
Asteroids & Deep

* Robots for human explorers _ Near-Earth Objects /i Space
 Neo-geography g s 9

« Exploration ground data system

/ -,
J‘ / s - — mmm =
& AN 0 @y = 5
” /7 7 w
\
Low-Earth - \ > Mars, Phobos,

Orbit 1 2 % & Deimos
I 7

. ] Lunar Orbit,
International Space Station Lunar Surface (Global)
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Questions?

Ir;

Intelligent Robotics Group

Intelligent Systems Division
NASA Ames Research Center

irg.arc.nasa.gov
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