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Mission Overview
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Mars Exploration Rovers Mission

O Twin robot geologists search for past running water.

o Launched: June 10 & July 7, 2003
0o Landed: January 3 & 24, 2004

o Duration: 90+ days
(extended mission could run
through September 2004)

O Mission Center:
Jet Propulsion Laboratory
Pasadena, CA

e —
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Surface Operations

O Solar-powered rovers operate in daylight
= On opposite sides of Mars, so there is always one in daylight
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Daily Process

o Daily process for each rover team
m  Receive downlink of data from a rover
Process and analyze results
Plan tomorrow’s activities
Construct rover command sequence
Send uplink of command sequence to rover
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Mission Needs

O Time
management

O Data
management

O Personnel
management
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Mission Needs: Time Management

o What time Is 1t?

= Mission runs on Mars time
= Martian and earth time zones

m A Martian “sol” is 40 minutes
longer than an earth day

o What's happening?
= Two mission teams

= Work on several
floors of a high rise
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Mission Needs: Data Management

0o What was planned?
Hand-over process between science and engineering

0o What actually happened?

Correlate between planned and actual activities

O Where are the data?

Large data repository
o  Flexible structuring
o Security restrictions
Get data products as soon as they are available
Stove-piped, specialized analysis tools for data
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Mission Needs: Personnel Management

O What's most important to me?
Different roles have different information needs

o What do | need to know?
Management needs to communicate with personnel

o When am | working? In what role? With whom?

Staffing is complex given the unusual work schedule and large
numbers of tasks and roles

Color coding: Spirit and
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The Collaborative Information Portal (CIP

Broadcast
messages

Clocks

Tool tabs
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CIP {lkeehs) File Messages Clocks Events Schedules Help [ |
1] Mission | Sender | Message | SentUTCiw [ .
MER diblaney | think | forgot-hut|[12:14:17, 02r20/04 |« | Events | Feb 242004 09:14 AM | Los_fngelesiam... ¥
MER diblaney [Mini-TES products{12:13:17, 02520004
_— have heen reduce = | TimeLeft Task Surmnrmary | Start [ Stop |
< Dl 00:52 left  Tactical End-of-Sol Engr. Assessm... 06:00 10:06 |«
01:54 left  SOWG Meeting o9:05 11:08
01:54 until  End-of-Sol Science Discussion 11:08 [11:39
SOL 51 18:07 |L5T-A v‘ 01:54 until Sci Product EPO Caption Interview  |11:08 [12:10
SOL 31 06:06 |L5T-B " =
\ -
—~

[ Owerview | Time Converter | Schedules | BrowseFiles | FindFiles | MewFiles | Observations |

GO TO HOWY | | SHOVYHIDE SCHEDULES | | PRINT GANTT CHART | | GET INFO |

f|Los_AngelesiAmerica
Name ' [23-Feb-0[24-Feb-0d
1 Jz2 Jo Jz Ja 8 Ja&  To Tz T1a Fe Je  Jao
&= Engineering Leads Tagup 264-425 [l Enjineering Leads Tagup =
@ Engineering Skeleton Activity Plan Upg N . \
&= DLIUL Handover Meeting SMSA [ PLIUL Handover Meeting \\\
= SOWG Meeting 264-640 P SOWG Meeting
&= End-of-Sol Science Discussion 264450 W End-of-Sol Science Discussion
&= Sci Product EPO Caption Interview 264-450 Sci Product EPO Caption Intervie
@ Activity Refinement’Sequence Assign 264-425 [l Activity Refinement'Sequence As
@ Activity Canving 264-425 [ Activity Carving =
Il ] b
P
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Three Tier Enterprise Architecture

o Client
Java application (Swing)

O Middleware Server

Web services, Enterprise JavaBeans,
Java Message Service

0 Data Repository
Database (Oracle)
File monitor (Java application)
Data loader (Java application)
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Architecture Overview

client (outside)

CIP
Application

Firenwall

CIP Servers

Java

PC, Mac, Solaris,
Linux, MERBoard

CIP Middleware 10
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Application
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CIP Data Acquisition
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The mission Is a great success ...
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CIP is used everywhere ...

... In homes and offices

|-

o

LR

... Inside mission control

... in the science labs §
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Client Goals

0 Rich Client
Applets not adequate

O Support common science user platforms
Sun, Windows, Mac OS X, Linux, MERBoard

Leverage current technologies
Quick, painless deployment
Customizable interface
Usability and performance

O O O 0O
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Client Components

Broadcast
messages

Clocks

Tool tabs

/

CIP {lkeehs) File Messages Clocks Events Schedules Help [ |
1] Mission | Sender | Message | SentUTCiw [ .
MER diblaney | think | forgot-hut|[12:14:17, 02r20/04 |« | Events | Feb 242004 09:14 AM | Los_fngelesiam... ¥
MER diblaney [Mini-TES products{12:13:17, 02520004
_— have heen reduce = | TimeLeft Task Surmnrmary | Start [ Stop |
< Dl 00:52 left  Tactical End-of-Sol Engr. Assessm... 06:00 10:06 |«
01:54 left  SOWG Meeting o9:05 11:08
01:54 until  End-of-Sol Science Discussion 11:08 [11:39
SOL 51 18:07 |LST-A w || 01:54 until Sci Product EPO Caption Interview  |11:08 [12:10
SOL 31 06:06 |L5T-B " =
\ -
—~

[ Owerview | Time Converter | Schedules | BrowseFiles | FindFiles | MewFiles | Observations |

GO TO HOWY | | SHOVYHIDE SCHEDULES | | PRINT GANTT CHART | | GET INFO |

f|Los_AngelesiAmerica
Name ' [23-Feb-0[24-Feb-0d
1 Jz2 Jo Jz Ja 8 Ja&  To Tz T1a Fe Je  Jao
&= Engineering Leads Tagup 264-425 [l Enjineering Leads Tagup =
@ Engineering Skeleton Activity Plan Upg N . \
&= DLIUL Handover Meeting SMSA [ PLIUL Handover Meeting \\\
= SOWG Meeting 264-640 P SOWG Meeting
&= End-of-Sol Science Discussion 264450 W End-of-Sol Science Discussion
&= Sci Product EPO Caption Interview 264-450 Sci Product EPO Caption Intervie
@ Activity Refinement’Sequence Assign 264-425 [l Activity Refinement'Sequence As
@ Activity Canving 264-425 [ Activity Carving =
Il ] b
P
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Broadcast Messages

I | Mission | Sender | Message | Sent (IUTCY ¥ Jl
MER We successiully incorparated new peformance improvements to the CIP Oracle o2 02:19:58, 02/25/04 |~
MER  think | forgot--but all data from SOL 46 are also on the S0AS 121417, 02520004 |
MER: Mini-TES products farthe maorning of Sal 47 {planned an the Sol 46 masten 12137, 02720004 [

have been reduced and pushed to the S0AS.

I MER An SAP update was released 219 11:20 PST. This update includes 3 performance 19:41:10, 02/1158/04
MER-E Mew color Fancam sterea imadery taken of Delta autcrop area how available in sol| 18:45:21, 021 5/04
MER-A All S0L 045 Mini-TES data have been reduced and pushed to the S0AS. 074746 02119/104
MER-A A Mavcam pair appearto have caught what may he a specular reflection. Judge 13:14:34 02138104

foryourself:
fossimerafopsfopsisurfacefacticalfsolf04Sfopgsiedrncami2i1 30364591 SEFFOS900
fossimeralopsfopsisurfaceftacticallsolf04Siopgsiedrncami2i1 30364591 9EFFOS00
| MER Fost Drive Pancam Mosaics now in sol 45 mosaicioyliwarking 1303149 021 E!III|I4 jl
L | ]
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Clocks

Tick-over at top-of-minute
CIP (Ikeely) File Clocks Help [ |

SOL 51 18:31 LST-A -
Mars time
displayed Feb 24 2004 09:39 Los_Angeles/Amer... -
in Sols ~
Local
DOY 55 17:39 UTC - .
uTC / .
shown Feb 25 2004 04:39 Canberra/Australia__-
in Day 7 Timeat
of Year DSN
Feb 24 2004 10:39 Phoenix/America - location
Time at
collaborator’s
location
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Time Conversion

CIP (Ikeely) File Help

From To
A o 5 Convert Timezohes Available Timezones
Time Zone: |Lus_nngelesmmer|ca v| ST Phoenix/america
Hour: |11 | Min: (38 « LA+OWLT Tokyoifisia
| | | | LST-B e Canberraifustralia
Month: |Feb v | Day: |25 v | uTC ERT
i Berlin/Europe Copenhagen/Europe
Year: |04 ¥ LondonEurope
BAadAcid T neun
Conmvert
e
Time [ Date Time Zane
19:50 Sol &2 LST-A
11:51 Feh 25 04 Lé+OWiLT
07:45 Sol 32 LET-E
19:38 Feb 25 04 UTC Clear
20035 Feb 25 04 Eetlin/Europe
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Event Horizon

CIP {Ilkeely) File Events Help

|
Events  Feb 252004 1133 AM | Los_Angeles!America -
Time Left [ Tazk Summary [ Start [ Stop
00:10 left Engineering Skeleton Activity Plan Update 08:58 11:48
00:10 until End-of-Sol Science Discussion 11:48 12:19
00:10 until Sci Product EPO Caption Interview 11:48 12:49
01:27 until Activity Canving 13:05 13:20
01:42 until ctivity Plan Integration & Validation 13:20 14:22
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Schedule Viewer

CIP (Ikeely) File Schedules Help

GO TO NOW | | SHOWHIDE SCHEDULES | | PRINT GANTT CHART | | GET INFO |

ar

AlLos_AngelesiAmerica
F23-Feb-0dz4-Fen-04
22 fo T T2 Ja T¢ s g [r s Ja Jro B0 Tz T12 T1e T1s Tre T17 T8 [1a J2o fos
“juTe
Mame 124-Feh-04 |25-FEb-D-‘1
4 Tz Ta Ta To T4 T2 Tia Ta T1a Tt [17 T1a D19 Joo Jz1 Joz 2z o Tt 2 Ja W s
“CETA
J80L A1 [s0L52
1 Te T8 To Tar Tz Tra Tia Trs Te Tz Tie Je Teo Jz1 T2z Jez fo T T2 T3 T4 Is 60N\
© Engineering Leads Tagup 264-425 [ Engineefing Leads Tagup i\
@ Engineeting Skeleton Activity Plan Up N .
& [DLUL Handover Meeting : SMsA [ DLYL Handover Meeting
@ SOWG Meeting 264-640 [ SOWG Meeting
& End-of-Sol Science Discussion 264450 P End-of-Sal Science Discussion
@ Sci Product EPOQ Caption Interview 264450 Sci Product EPO Caption Interview
& Activity Refinement’Sequence Assign 264425 [ Activity Refinement/Sequence Assignment
@ Activity Camving 264-425 l.n‘\f.tivity Carving \
@ Activity Plan Integration & Yalidation I .
@ Activity Plan Tagup 264-425 W Activity Plan Tagup
& Activity Plan Product Generation 264-425 [ Activity Plan Product Generation
@ Activity Plan Approval Meeting 264-425 [N Activity Plan Approval Meeting
& Sequence Flan Design ; 264-425 [l Sequence Plan Design E
' I K ’

RN

Schedule
update
indicator

Multiple
time
scales

Unified
schedules

“Now” bar
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Data Product Navigator

CIP {Ilkeel) File Help |

14 files SIS NE L

sol050 Ok thumbnail | site/pos | size [ filename [
OPGS data product :

MER-A -

Navcam (14) 10/00 2136064 2ZM130811934EFF1000P 1901 LOMT 1M

none
displinear {7)
dispraw (0)

edr (14)

ilutiraw {14}
linear {14}
mosaicicy (1)
mosaicicyiper (0)
mosaic/persp (0)
mosaicipolar {0)
mosaicivert (0)
normallinear (7)
normaliraw {(0)
raddinear (14)
radiraw (14)
range/inear {7)
rangeiraw (0)

MER-A: folobalinfs Zimerafopsiopsisurfacetacticalisalf050foposiedrincami2i 13081 21 49E|

10/00 2136064 o #1700y:0696 @ L DR@@@ 374

10/00 2136064

10/00 2136064
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New Files

£ MER Collaborative Information Portal By ] 54|
CIP (rmak) File Help | ]

last ||MER-A|(MER-A||MER-A((MER-A| MER-A((MER-A| MER-A(|MER-A| | MER-A||MER-A | MER-B||MER-B| |MER-B||MER-B | MER-B | |MER-B

D®®.{f§i}.®©@®.®®.{§i}.®

|4 hrs 1] i] 1] 1] 1] Fiéil 1]

Duration / refiles

MER | /n:ﬁ | z0l | muodified | format | zize | filename

MER-A @ 1ar 04-23-04 15:03:08  pds 33726680 2MM10FEFFIZPOLOORPTETELO0OMY IMG

MER: @ 1a7 04-23-04 15:05:00  pds 19090512 ZNMTO0TEFFI2CYPOOPTE18R0O00MT.IMG

ICO ns / MER-A @ 1ar 04-23-04 15:04:42  pds 180580512 2MM1O0FEFFIZCYPOORPTET1ELO00OMY MG

MER-A ® 108 04-23-04 15:05:37  minites 20640 271359681 56RDRA300P35TEN0AT. QLB

MER-A @ 108 04-23-04 15:05:40  minites 20640 271359681 56EMRIZN0OP35T7EMNOAT QLB

MER-A ® 108 04-23-04 15:05:38  minites 20520 2T135968196BTRIZ0D0P35TAN0AT.GUIEB

MER-A @ 108 04-23-04 15:05:24  minites 233432 27135967 352ZRDR3Z00P357EMNOAT QLB

MER-A 108 04-23-04 15:05:30  minites 233232 2T135967392EMRI300P3576MN0AT.QUB

Fl IeS _ o ® 108 04-23-04 15:05:27  minites 231876 2T1355967352BTRI300P3576M0AT.QUE
MER-A ® 108 04-23-04 15:05:08  minites 259136 2T135965760RDRA300P390ZN0AT.QLEB =
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Client Architecture

CIP
Component

4 Service Web

Service
Manager Client Stub

T
—
3
l—l—)>mrn:0—-n

CIP

Component
Service Web

Service
Manager Client Stub

CIP
Component

Service Web

Service

CIP Manager Client Stub

Component

CIP CLIENT
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CIP Middleware
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Middleware Goals

Reliable

Scalable

Maintainable

Secure

Platform and language independent
Support hundreds of users

Adhere to standards

Use commercial off-the-shelf software

O O 0O 0O 0 0 0 0
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But the bottom line is ...

0 Make the client applications look good.
0 Remain invisible to the users.

o “What server?”
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CIP Middleware Services

o User management o Mars and Earth time
o Metadata o File and directory
O Schedules o Message
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Middleware Technologies

0o Enterprise JavaBeans (EJBS) to achieve reliability, scalabilty,
security, platform independence, and standards.

m Stateless session beans
m Stateful session beans
= Message—driven beans

o Web Services to expose the remote methods of the Service
Provider EJBs.

o Java Message Service (JMS) for synchronous and
asynchronous messaging.

0 BEA WebLogic application server.
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Middleware Architecture

WebLogic Application Server

Web
Service
Client Stub

Application
Java

Service Provider
Remote Stateless
Session EJB

SOAP
Processor

Web
Service
Client Stub

Application
Java

Web Service Provider

Service SOAP . crov
Processor emote Stateless

Client Stub Session EJB

 Web Services « HTTPS encrypts e Stateless session
expose the remote the transmissions beans are the
methods of the and gets them Service Providers.
Service Provider through the
beans. firewall.
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Caching Data

r—>SmMXU—T

Fr—>SmMXU—T

WebLogic Application Server

Data
Local Stateful
Session EJB

Service Provider Data

SOAP
Processor

Remote Stateless Local Stateful

Session EJB Session EJB

Data
Local Stateful
Session EJB

Cache Registry

RN

2 osc A vatabase

« Stateful session beans cache data in memory.
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Event Notification

T
rrd =mxu-—T

Bo)
0]

F
I
R
E
W
A
L
L

WebLogic Application Server

Service Provider
Remote Stateless
Session EJB

SOAP
Processor

User Proxy
Local Stateful
Session EJB

Message
Converter

JMS Server

“A new pancam
image file

has just been
downloaded
from Mars!”

File Monitor
Application

Schedules
Monitor

Resources
Topic

* Publish-subscribe model with topics
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Broadcast Message Service

T WebLogic Application Server
R
E . .
Service Provider
HTTPS SO
— EEEEESET Remote Stateless
L Session EJB Delegate
L Local Stateless

Publisher

Local Stateless
Session EJB

Session EJB
User Proxy
Local Stateful
Session EJB

Archivist Message
f-\ i .

Message JMS Servel’
C .
\D/ Topic

» Message—driven bean (MDB) archives broadcast
messages to persistent storage for later retrieval.

F
I
R
E
W
A
L
L
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Log Everything!

0 Each service maintains an activity log
Used log4j package

o What's happening now?
Do tail —f onthe appropriate logs

0o How is CIP being used?
Do data mining on the archived logs
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£ CIP Middleware Utility 1 1Ol x|

Middleware Utility T y——

[ Lagin | Statistics | Users | Files | Cache |

Memory Usage
Allocated byes: 2,126,446,592 Used ytes: 765,454,224
. . .
O Real-time IllOﬂItOI’Ing veop e | '

Users

of the middleware Loooesv: | T

M e m O ry u S ag e et Cla: ::che: 106 Accesses: 106,474 Errors: 2
Cache misses: _ 46%
Number of users

C acC h e p e rfO rmance Du:::g:::::i ;;;94 TntalEl:grnDt:z; ; ;ﬁ:i,gzﬁ,z?r
F I I e d Own I O ad S Database Response

Connections: 0 Accesses: 49,803 Errors: 0O

Database response time Last 100 g e
Overall avg time: 2.4I]ﬁ seconds _

Total Server Response

. Last 100 avytime: [ oo

Server time
Last reset: Thursday, February 5, 2004 @ 04:19:59 GMT
Current: Saturday, February 21, 2004 @ 07:52:39 GMT

0 Expose the invisible i il e

Server response time

Paoll every seconds Log
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Stress Testing

O Simulate users ool

Connected to hitps:i PR G X e

p e rfo rm I n g (l-.ﬂgm_ | Stress tester |
i n te raCt I Ve Total number of users: |50 - Total calls made: 933
O p e ratl O n S Avy idle time (seconds): |2 - Total calls completed: 900

Remote callsuser: | 500 b Total errors: 0

L

0 Can the server
Tests to run: - [vl Metadata [v| POISE [ Streamer

handle a heavy  resmseume .
load? overa vy e T S |

Reset response times Stop
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Off-the-Shelf Software

0o Borland JBuilder Enterprise Edition, version 8

o BEA WebLogic application server, version 8.1
m  Generates Web Services and Java client stubs.

o gSOAP package, version 2.2

=  Generates C++ client stubs from WSDL files.
O ANT scripts for doing production builds.
o Verisign digital certificates for security.

o Log4J for logging.
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Middleware Performance

O Enterprise JavaBeans and WebLogic
= Reliable: continuous server uptime of over 46 days
= Scalable: handle heavy loads well
= Good performance: average response time ~0.1 second
= Flexible: plug—in, hot-redeployable services

0 Web services
= Good interface between clients and EJBs
= Easy for clients to connect and request services
= Good performance: ~100 MB per hour throughput
= Language independent: Java and C++ client applications
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Data Repository




Metadata Generation

monitar

nfslogd

File
Detector

Data | Metadata
Loader metadata Database

0 File changes are logged by nfslogd and the File Monitor, or found by the File
Detector.

= A message is sent to the monitor topic for each file change
O The Data Loader generates metadata about the file
= Retrieves messages from the monitor topic

log entries log entries

messages 3
File System

JMS Monitor Topic find

messages

messages
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S ———————
Summary

0o The Collaborative Information Portal
IS a key component of the
Mars Exploration Rovers mission.

0 CIP iIs a successful integration of Java
technologies, web services, and commercial
off-the—shelf software.
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CIP Development Team

0O Roy Britten o Carson Little
O Louise Chan o Vish Magapu
0 Sanjay Desai o0 Ronald Mak
O Matt D’Ortenzio 0 Quit Nguyen
0 Glen Elliott (JPL) |
~ Bob Filman O Tarang Pate
4 Dennis Heher O John Schreiner
5 Kim Hubbard O Elias Sinderson
o Sandra Johan 0 Joan Walton
0 Leslie Keely 0 Bob Wing (JPL)
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Questions?
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Useful URLS

O More information on CIP
= http://ic.arc.nasa.gov/

0 General information on the Mars rovers
= http://marsprogram.jpl.nasa.gov/
= http://marsrovers.jpl.nasa.gov/home/index.html

o Dally press releases and downloaded images
= http://www.jpl.nasa.gov/mer2004/index.html

o Download a Mars clock
= http://www.giss.nasa.gov/tools/mars24/
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