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Finding IT solutions

If all you have is a hammer,

everything looks like a nail

— MARK TWAIN, but probably not




Missions to Mars

Mariner 6
Mariner 7 Mars Express
Spirit
Mariner 9 N:a': | Opportunity Curiosity
Viking 1 orbiter Su(:v:yor Mars Mars Orbiter Mission
Viking 1 lander Sojourner Rec9nnaissance MAVEN
Mars 2 Viking 2 orbiter Orbiter ExoMars TGO
Mariner 4 Mars 3 Viking 2 lander 'F\’/:c:;inder \ Phoenix InSight
1960 1970 -[ 1980 I 1990 “[ 2000 2010 2020
[ Zond 2 Mars 7 Phobos 2 Beagle 2 " Schiaparelli
Mariner 3 Mars 6 Phobos 1 Deep Space 2 Yinghuo-1
2MV-3 No.1 Mars 5 Mars Polar Lander Fobos-Grunt
Mars 1 Mars 4 Mars Climate Orbiter
2MV-4 No.1 Prop-M Rover Nozomi
1M No.2 Mars 3 lander Mars 96
1M No.1 Mars 2 lander Mars Observer

Kosmos 419
Mariner 8
2M No.522
2M No.521




Mars Exploration Rovers:
follow the water

Life ever on Mars?

Climate of Mars

Geology of Mars

Human exploration
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f¢ Cruise Stage Separation: E-15 min k-
W9 Entry: E-0 s, 125 km, 5.6 km/s planet-relative
\ Peak Heating/Peak Deceleration: E+102 s, 6.2 Earth g
= Parachute Deployment: E+244 s, 9.5 km, 430 m/s
Heatshield Separation: E+264 s
= Lander Separation: E+274 s
Bridle Descent Complete: E+284 s \
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Radar Ground Acquisition: 2.4 km AGL 05
] =
DIMES Images Acquisition: 2.0 km AGL g %‘%’3
] L
Start Airbag Inflation: 0.5 s prior to RAD Firing 88 |os
A ‘5 @) O =
RAD/TIRS Rocket Firing: ~120 m AGL 56 |5
= £2 _I
Nt £ES |
QL |w
Bridle Cut: ~12 m (_,3 T
) -
7 \ % /A Landing: E+355s | “
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e o A L Bounces, Rolls: Up to 1 km




Backshell
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Parachute Heatshield Impact Location
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() First Bounce

DIMES "First Bounce” Estimate ' ) Second Bounce &'
(O Third Bounce

(OFourth Bounce

Other Bounces

o Surface Feature
Lander/Rover Localization




Opportunity landing

100 m
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Activities

Activity APXS_Off

Starttime  2004-03-15T08:22:07
Activity CPU_ON

Starttime  2004-03-15T10:13:12
Activity Sol_50_Xband_Pass_1

Sequence be0055.06b
Start time 2004-03-15T10:19:12

Activity PLACEHOLDER_ENG
Start time 2004-03-15T10:48:57
Activity Sol_50_Nominal_Blip
Start time 2004-03-15T10:50:13
Activity none_PLACEHOLDER_placeholder_for_interferograms_MTES_TI_AM__chem_

EN Observation  MTES_TI_AM__chem_
Start time 2004-03-15T10:57:11
Activity P3626_MTES_ti_AM_MTES_TI_AM_ chem_
Sequence p3626
EN Observation  MTES_TI_AM__chem_
Start time 2004-03-15T10:57:11

El purpose Mini-TES thermal inertia measurement on same surface as 11pm observation on sol 49,
Notes This observation should be acquired between 10:30-11:30 LST. Acquire interferograms with all
TI.
m Data Click on a data product to open it in new window:

T 1T 132620352 RDR 06 02 P3626 MO A1

T 1T 132626376 RDR 06 02 P3626 N0 A1
Activity p3519_MTES_Elevation__30_degrees_Mini_Mini_TES_Sky_AMND_Ground_Anytime_atm_
[E] Sequence p3519
B Observation  Mini_Mini_TES_Sky_AND_Ground_Anytime__atm_
Start time 2004-03-15T11:00:44

E Purpose long term monitoring of atmospheric profile (dust, T(z), ice, water vapor). Characterize
environment.
Notes Any Azimuth,
[0 Data Click on a data product to open it in new window:

T 17 132620492 RDR 06 02 P3519 NO A1

Activity DELETE_DATA

Start time 2004-03-15T11:05:00
Activity p3506_MTES_Elevation__20_degrees_Mini_Mini_TES_Sky_AMD_Ground_Anytime_atm_
Sequence p3506
B Observation  Mini_Mini_TES_Sky_AND_Ground_Anytime__atm_

Start time 2004-03-15T11:06:28
E Purpose Determine surface temperature

Notes Any Azimuth. This activity gets a surface temperature needed for interpretation of scattering.







LLNEIRRLLTLE FIDO August 2002 Field Test

Welcome to the Analyst's Notebook for the August 2002 FIDO Field Test! Online help is available.

Data Documentation
Data Summary by Sol Field Test Documentation
08/09/02 Sol 6 08/15/02 Sol 17 Sol 18 Daﬂy Documentarian Report
08/10/02 Sol 7 Sol 8 08/16/02 Sol 19 Sol 20 Sol 67891011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
08/11/02 Sol 9 Sol 10 08/17/02 Sol 21 Sol 22 Mission Manager’s Report
08/12/02 Sol 11 Sol 12 08/18/02 Sol 23 Sol 24 Sol 6789101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26
08/13/02 Sol 13 Sol 14 08/19/02 Sol 25 Sol 26 Additional Doculnentation
08/14/02 Sol 15 Sol 16 All Sols * Mission Summary Table
Data S by Inst ¢ ® Field Test Iocation
. rata Summary by ins l'umen ® Sol Summary Posters
' Y : '9 Moessbauer Spectrometer e Justin Wick Summaries
® ' _l ' IR Point Spectrometer : U-'_I\M e EPO Products
g (L Mini-TES (M) Front Hazcam ® Mission Highlights Presentation
oy W ® FIDO Atmospheric Results Slides
R (& APXS (RH) Rear Hazcam . : = . :
E "h_{' ‘ _ B ® Christensen's Mineralogy Presentation (11823 kb) [htm version
< =¥ Microscopic Imager = Bellycam ® Post-test Field Site Write-up
C
B I? Pancam o Field Sample Image References
g : ! / N ' IPS - Navcam - Target Relationship
N Field Test Resources
§ ANB Timeline (requires frame support) Training Material
z Orbital Images

Sol 6 7891011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

<
Old school cool AN Dosumention
or Blunder years?

AN Alerts and News
08/18/02 Full-quality image data are available from the AN via ftp. See
the online help for more information.

End of page Y Back to top

This page updated 01/02/03 01:44:25 PM and is maintained by the Geosciences Node of NASA's Planetary Data System. Comments
should be addressed to webmaster@wunder.wustl.edu. Web statistics for this site.
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Duration

Sites visited
Drive distance
File count
Data volume
End date

PLANNED

180 sols
8

600 m
5000

64 GB
July 2004

ACTUAL

7376 sols
346
52891 m
30 million
4.7 TB
Still active






~150 Virtual Machines

___________________________________________________________________________________
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NASA PDS Geosciences Node

______________________ 8 PowerEdge Servers Running VMware vSphere | = Washington University in St. Louis
July 2018
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(Primary Site) | (Secondary Site)

Dell EMC Isilon X410 DeII EMC Isilon A200

e« 700 TB cluster
¢ Nine nodes

i . 880 TB cluster
+ SMB shares i

* Eight nodes
» Disaster recovery

Dell EMC Unity 300F

* 44 TB All-Flash

Daily ClusterSynchronization (SynclQ)

« Tier 1 apps * NASA PDS archive } * Filereplication target
+ Production workloads * Backup target for SQL * SynclQ
« VMFS, SQL and VMFS * SmartConnect zones

—t} * Website supporting files

* Archive preparation
workspace

* User workspace

* Fast caching

e SynclQ

* SmartConnect zones

: SPE::_TRA_) i
! Spectra T50e i
—’ . LTO5 i

Dell Equallogic PS6500

« 69TB ‘.‘__
» Disaster recovery

Dell EMC VNX 5300

¢ 68 TB mixed drives

« Tier 2 apps v Lo
* Development workloads b 45 tape slots + Production replicas b
+ SQL ! e Fiber-connected o
SAN NAS Tape SAN NAS



Dell EMC Unity All-Flash

* Dual configured for both block and file

* We use block storage for our VMDKs, SQL databases,
and thin client hosting

* We use file level storage for mapping services and
high availability images
 Scalability
* Ease of expansion

 Administration

* Real time performance monitor other software tools
built in




Helping users find what they want

geodata.rsl.wustl.edu - /mer/merl-m-pancam-3-radcal-rdr-v1
/merlpce_1xxx/data/sol0004/

[To Parent Directoryl]

Wedne=sday, September 29, 2004 3:18 FM 2142208 1pl28532760rad0200p2851ll4cl.img
Wednesday, September 29, 2004 3:18 PM 50048 1pl28532760rat0200p285114cl.img
Wednesday, September 29, 2004 3:18 BM 2142208 1pl28532801rad0200p285115cl.img
Wednesday, September 29, 2004 3:18 PM 50048 1pl28532801rat0200p285115cl.img
Wednesday, September 29, 2004 3:19 PM 2142208 1pl28532843rad0200p28511l6cl.img
Wednesday, September 29, 2004 3:19 PM 50048 1pl28532843rat0200p285116cl.img
Wednesday, September 29, 2004 3:19 PM 216320 1pl285328988rad0200p285114cl.img
Wednesday, September 29, 2004 3:19 PM 50176 1pl285328098rat0200p285114cl.img
Wednesday, September 29, 2004 3:19 PM 216320 1pl28532950rad0200p285115cl.img
Wednesday, September 29, 2004 3:19 PM 50176 1pl28532950rat0200p285115cl.img
Wednesday, September 29, 2004 3:19 PM 216320 1pl128533003rad0200p285116cl.img
Wednesday, September 29, 2004 3:19 PM 50176 1pl28533003rat0200p2851l6cl.img
Wednesday, September 29, 2004 3:19 BM 50148 1pl28534453rad0203p260018cl.img
Wednesday, September 29, 2004 3:19 PM 41814 1pl28534453rad0203p2600rEcl.img
Wednesday, September 29, 2004 3:19 PM 50432 1pl28534453rat0203p260018cl.img
Wednesday, September 29, 2004 3:19 FM 50432 1pl28534453rat0203p2600récl.img
Wednesday, September 29, 2004 3:20 PM 2142208 1pl28534493rad0203p285018cl.img
Wednesday, September 29, 2004 3:20 BPM 2142208 1pl28534493rad0203p2850r8cl.img
Wednesday, September 29, 2004 3:20 PM 50432 1pl28534493rat0203p285018cl.img
Wednesday, September 29, 2004 3:20 PM 50432 1pl28534493rat0203p2850rEcl.img
Wednesday, September 29, 2004 3:21 PM 2142208 1pl28534537rad0203p285018cl.img
Wednesday, September 29, 2004 3:21 PM 2142208 1pl28534537rad0203p2850r8cl.img
Wednesday, September 29, 2004 3:21 BPM 50176 1pl28534537rat0203p285018cl.img

Wednesday, September 29, 2004
Wednesday, September 29, 2004
Wednesday, September 23, 2004
Wednesday, September 2%, 2004
Wednesday, September 29, 2004

50176 1pl2853453T7rat0203p2850r8cl.img
74752 1pl28534568rad0203p261013cl.img
50048 1pl2853456E8rat0203p261013cl.img
75520 1pl28534606rad0203p26101l6cl.img
74752 1pl28534606rad0203p2610r6cl.img
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Dealing with
new types
of users

Scientists Researchers

Citizen scientists

College students

Conspiracy theorists

Mars isn’t flat, either

29



3 MER Analyst's Notebook - Spirit - Netscape

. Flle Edt View Go Bookmarks Tools Window Help

*:;"1 MER Analyst's Notebook _
S4SPIRIT mera

@ Rover Home B2 Sol Summaries | &£%Navigator ® Search W Resources

Introduction | |Documentation ' -)Product Overview ::iFinal Activity Plan’

Quick Links =
Click on an icon to select Sol 1 Data Product Summary

summary reports for a This table summarizes the product counts for each instrument.
specific sol. The colored instrument icons represent the rover instruments.

1
ljgl;::umemation Summary A slol el WM N plw N
Total Products 0 00 933 0939 31 O

(+) Product Oveniew
A Stow o boad Unique SCLKValues 0 0 0 3 1 0 31 9 1 Oi

EEY Actmity Plan

B EES “|Primary Products
L = 'j) - The “highest resolution® EDR for each product is listed below.
002 ) - Click on the image to preview the product, or click on one of the
003 | & = icons described in the options table,
004 | ]| -
005 | L[ - Options
o6 | L[] - @View product in preview window
0o7 PEES) 5 #JOpen product in web browser window
008 | L) |63 ] - HDownload the product
003 | ) | &) | - llDownload the detached label
010 | J [t ] -
o1 [ I3[ &1 - H 2 E 126462398 EDN 0000 FOODB NO =
e T 001 [ B | @S2/
013 PEES] = 2 E 126462401 EDN 00 00 FOD0G NO
014 | [ [ &) [ &= | o H El Y el
o5 | )16 15 F 2 E 126462405 EDN OO 00 FODDB NO
016 | J [ €y |5 oo1 [N M |, S
017 | LJ | € [ s
EEEPEECHE Omnﬂfﬁ:\nzaas?gmsnmmmptsmw oy

a}
—Preview Window

This 15 a downsampled preview of product 2 P 126471476 EFF
loooor2202L2C1.
“[Click on the image to see a full-size version of the product.
5 v e e e o>

30
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MSL Curiosity Analyst's Notebook

~ ' FH Rad-corrected absolute radiance units, integer

&Your accountv GE " SCIENCES

Windows w ‘

- Sol 1027 Site 48 /157

PDSDD.LBL

Sol 1416 Site 56 / 112:

il Sol 1352 Site 547161 | K&

Sol 1504 Site 59/0/2

Sol 1416

1
B so! 14 FLA_395742695RADLF0030004FHAZOD200M o
Reload by: most recent | ¥ | Auto refreshon | More w» & Group views ¥ = Product views ¥ Actions ¥ v
ltems open on this page. Change using "More™ menu item above A P T
e File ¥ Draw v Measure v [ ~ /2 B ©.aM: T SiRse Donit ol
WH 1504MH 000 3 & » Sample 862, Line 44
Sol 1504 Site 59
«# DRAWING (0) v ———
N CX0 MR0541610 F5
Sol 1352 Site 54/ 1610/ 28 < LOCATION (4)
Target Dondo Coordinate frame Site M
Sol 1416 Site 56/ 1122/0 N T
ixel ocation (m) A Ay
Label for the Planetary Data System Data Loc ! R'O“ e 8z
(M Dictionary file * X y z dist (m) (deg)  (deg)
PDSDD.LBL 1 0. 440 035 X
« CRO_488 3PRC _F048 2 -1, 4,62 0.21 x
Sol 1027 Site 48 / 157 3 1.6 3.49 0.28 X -
o - = = = Ao e ————: - - 2
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N_R000_1514_ILTO # ment: Loc# Lloc# (m) (deg) (deg)
Sol 1514 Site 1 1 3 4 186.41
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k| ~ Add new profile
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Target Whale_Rock Profile 1 (from location 3 to 4)
Sol 796 Site 44 /568 / 0
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MSL Curiosity Analyst's Notebook & vouraccounty P cart GE« SCIENCES

[Tl € Back3sols | Sol | 1416 w | Next3sols W | More = | Bl = 50' 1416 activity timeline -5 x

3 products: AOLO RO " .
Sol 1416 (2016-07-30) - Sol 1416 (2016-08-01)

NCRAD Sol1415  SCLK 523117224 L - QUICK START

Seq ncam0D360 Site 56/ 1122/ 8 [ . = Usi he ti Ii

8 products: LD Handover ~ SII"Ig the timeline

Hazcam_Front
MC D Sol 1415 SCLK 523117643 FH - [| I] I] I] " The timeline shows the activity plan for

RH Hazcam Rear a given sol. Activities are grouped by
MAHLI_Close_Cover I:I activity type. Hover over an activity to

MH MAHLI_Image_Group ] [I I [[I:I]][I [|[[| see the full name. Click on an activity to

see the details. Activities outlined in red

Seq mcam(6329 Site 36/ 1122/ 8
2 products : L7 R7

MC E Sol 1415 SCLK 523117

Seq mcam0B930  Site 56/ 1122/ 8 e are assaciated with one or more data
3 products : LORD MAHLI_Open_Cover I:I I:I products.
MARKER
NC RAD 5ol 1415 523117819
Seq ncam0D Site 56/ 1122/ 8 MC Mastcam_Data Management Contents of this help page
8 products: R0 Mastcam_Focus_Home_Left S .
What the timeline shows
Sol 1415 documents (2) e e it About the details view
i Mastcam_Image About the activities plan
+  [& sol 1415 targets (3) W - I:I e
9 i M( MastCam_Maintenance_Heating Inerface tips
—_ D Sol DRT Brush "Chibia™ Target, In-Situ Observations of "Chibia” ant MastCam_Preheat_Child

1416 [2920ata  APCCCHDN FH MC MO MH NC RHRD R 5 MastCam_Table_Driven_Preheat With_Children . About the timeline

2016-07-30 2Docs B 1Plan m]sTargets D1 Maosaic Mob Drive for Distance

Sol 1416 overview NC Navcam |] I I] I I What the timeline shows
. . The timeline is a time-ordered
e MawvCam_Maintenance_Heatin
* U M sol 1416 data products (242) NC < representation of a one-sal activity

NC Navcam_no_RSM

i...D plan. Each activity is shown as a bar,
! 0

Sol 1416 documents (2) NavCam_Preheat Child positioned and sized based on the
0 [E sol 1416 plans (1) NavCam_Table_Driven_Preheat_With_Children activity start and end times. Acitivies

outlined in red are associated with
one or more data products.
""" |:||Sol 1416 Activity Plan (post engineers) - View as timeline RD RAD_Get_Data :I Acitivities are grouped name, thus

= the time ordering of sol's activities
M sol 1416 targets (13) in the chart is not strictly top to

----- el Chibia B FEMS. Aapive [ TG bottom, left to right.

% Defined Seol 1416 IEI EI IEI . .. B
on an image from site 56, drive 1122 e e
and found on 102 other images m REMS_Get_Data RCE Click on an activity to see details in
the right hand window. You can
hover over an activity in the timeline
to see the full name (for systems
supporting mouse hovering).

""" [ Sol 1416 Activity Plan (post engineers) - View as list PLACEHOLDER

RAD_Observation_Series | RAD_Observation_Series

v
Add checked items to cart Checkall | Timeline settings  Timeinterval |15Minutes ~ @  Width |Standarc ~ | (@)

(M Label for the Plane | [E Dondo
FPDSDD.LBL Sol 1416 Site 56/ 112

MC CX01352MR0541€
Sol 1352 Site 54 /161

MH 1504MH 0001700C
Sol 1504 Site 59/01/2

Activity plan
Sol 1416

P (€ = CRO_4886655!
~d Sol 1027 Site 481157
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MSL Curiosity Analyst's Notebook

| -
ﬁ New feature! “fou can flter, sort, and manage your history in detail by selecting Options =
Manage history in the menu abowve.

Filter = Options =  Reset

Showing top 100 of 545 items.
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Windows =
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[ . Target Big_S -
i il Target defined on Sol 1114 Site 50 / 552

m Target ¥ H~

Actions ¥

What's on this page?

The literature references below are pulled from LPSC 2015-2016 abstracts and are generated by an automated processs. If you find an error,
please let us know.

Mentions in literature
Mentions A bibliography of all literature mentions found for this target.

Compositional references

Element References to elemental composition of this target, with relevant excerpts
Aluminum  Fluorine  Magnesium  Silicon
Mineral References to mineral compaosition of this target, with relevant excerpts

Hematite  Magnetite  Phyllosilicate  Sulfates
Search links

Search Links to searching for other targets with similar compositional references.

Mentions in literature
Target Big_Sky was referenced in the following documents. Excerpts related to compaositional characteristics are listed subsequently.

Sort byauthor

Forni et al. (2016) “Fluorine In The Pahrump Outcrop, Gale Crater : Implications For Fluid Circulation And Alteration”, Lunar and Planetary

Conference, Abstract #

Frydenvang et al. (2016) "Discovery Of Silica-rich Lacustrine And Eolian Sedimentary Rocks In Gale Crater, Mars", Lunar and P

Conference, Abs 349

act #2349

Gasda et al. (2016) "Potential Link Between High-silica Diagenetic Features In Both Eolian And Lacustrine Rock Units Measured In Gale Crater With
MSL", Lunar and Planetary Science Confere

Abstract #1675

Johnson et al. (2016) "ChemCam Passive Reflectance Spectroscopy Of Recent Drill Tailings, Hematite-bearing Rocks, And Dune Sands”, Lunar and

anetan

ence Conference, Abs

Compositional references - Element

Aluminum

Forni et al. (2016) “Fluorine In The Pahrump Outcrop, Gale Crater : Implications For Fluid Circulation And Alteration®, Luna
: act #1

ce Conference, Abst

"Those two observation are strongly correlated with 5i, Mg, Al and alkalis suggesting a phyllosilicate.”

Fluorine

Forni et al. (2016) “Fluorine In The Pahrump Outcrop, Gale Crater : Implications For Fluid Circulation And Alteration®, Lunar a

nce Conference, Abstract #1

"Huorine is detected in the Big Sky drill hole as well as in the surroundings targets but the highest fluorine content was located on the darkvein Alvord

L T T NP PP K PP -1 & I L

& Your account ¥ ECan v

(C ChemCam RMI contour image
Sol 1352 1352_CRC_CCAMO1352 Tsongoari

n v

uct overview 1352_CRC_CCAMO01352_Tsongoari

oduct ¥ Actions ¥

‘mCam RMI mosaic

odudt is part of a ChemCam RMI mosaic. View all related products.
_Contour image

Mosaic 7 = - == Planning
! &1354 CRC :

1352_CRM_ A5 T ) @mrget
CCAN01352_Teongoari CCAM 01352 Tsongoar Tsongoari

Cumert pro

wct

»ywnload zip fle with RM1 mosaic 1352_CRM_CCAM01352_Tsongoar and related fles.

1352_CRC_CCAMO01352_Tsongoari

w=e image is not the actual data pm&ud. .

full resolution image
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R4 MSL Curiosity Analyst's Notebook

v Mre~ H -~
[ sol 1837 data products (66)
[ DN pan
[ P Front Hazcam (3)
=+ M Mastcar

 MCE soliey7
Seq mcam0963
1 product: LO
ME Sol
Seq mcam09631
B | product : LO

MCE Sol1837 SCLK 56057

Seq mcam09631 Site66/1332/6

M E Sol 1837 SCLK 56057
Seq mcam09631 Site 66/1332 /
1 product: LO

C¥STR e sl
X Seq mcam0963
2245 1product: L0
‘ MCE  sSol1837

Bl Seq mcam09631
X 1 product: LO

ME Sol1837
Seq mcam09632
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