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Over the last fbv yeus software e n g k e h g  has made s i p i f i i t  strides in making more 
flexibk urhiteetarcs m d  designs poadble. However, at the srme the ,  spaceernft have 
berolne more complex and flight software hm h o m e  more Typically 
spacecraft art? often oneof-a-kind entities that have diffemnt hardware designs, different 
capabilities, diffemnt instmments, etc h n d  softwarre has become more eompkx and 
operations teams bave had to learn a myriad of tooh that dl bave ~Mferent user Maces 
a d  rep- dsta in differreat ways At Jet Propulsion Labomtory (DL) these themca have 
co&ded to require a new approrsch to prodacing grwnd system software. Two differrnt 
groops have bcea lodring at t a M n g  this padimk ptoblem. One p p  is w o w  for the 
JPL Mars Techmbgy Program in the Mars Science Laboratory (MSL) Foeused Technology 
area Tbe other gronp is the JPL M u l t i - M k h ~  Planning rad Seqoeacing Group. Tbe major 
concept driving these two approached on a similar path is to provide s o h u e  that cm be a 
more oohesive M l e  system that provides a aet of phaing and aqoeaciag system of 
s e r v i e e a T k i s p r p t r ~ k ~ e f f o r t s t B o t h r v e h m r d e t o d r t e f o c r r a t e a ~  
a p p m h  from tbest dispmte grarpa 

I. Introduction 

T~tasksafi~opeI-ationteamsmafain ~mmpt ingelaoema mheofalspsciscin istoiosrrare 

the knowledge that is hewn about our solar system. In order to achieve the goal space scientists want to maximize 
the number and quality of the observations tbat they make in order to gamer the greatest amount of significant data 
from which to draw that bw1edge. The goals of spacem& engineers are to build more and more capable 
spacecrafts and at the same time to keep them safe. Ground ~ o n s  teams must merge those goals and send 
appropriate sets of commands. Howeverf gmund software b s  become more complex and operations teams have had 
to learn a myriad of tools that all bave differenl user interfaces and aften represent the same data in d i f f m t  ways. 
Forhnmely, the advent of new ap~~aaches to bwlding software allows s~lutions to their hectic e n v h ~ n e n t  

The goal of softwan? bas always ken to make using computers aad their various features easy for 
users/operato~s. In today's software world it is possible thrwgh the use of various utilities, components, fkmeworks 
and rich client platforms to Mij.  tbe ground software. Two different groups at Jet Pmpllsion hboratory (JPL) have 
beenwwldngmtacklingtheprob~ofhavisgmanytooIswith~erentapproaches,W~~~and 
M e r i n g  data mpkmenk Om group is working for the JPL Mars Technology Program in the Mars Science 
Laboratory (MSL) F d  Technology area MSL is the next rover going to Mars. It wiU be launched in 2009. The 
other group is apptoadring the problem from the JPL Multi-Mission Planning and Sequencing group. This group 
creates muiti-mission sofbare for use lhmghout JPL. 

iI. Next Generation UpEnk Planning System (NGUPS) Team 
The Next Genemion Uplink Plamnng System (NGUPS) team is part of tbe MSL Focused Technology group. 

MSL has decided to inherit &e gnwmd system from Mars Exploration Rover's (MER) as their basehe. However, 
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several MSL driving requirements meant that the MER p n d  system tools wouId need to change in order to meet 
those requirements. The goal for this team is to explore new technologies in an effort to streamline that baseline. The 
NGUPS team works closely with another focused technology group, the Ensemble team, and is responsible for 
integrating the work of the Ensemble team with MER l e m  tools. Initially the NGUPS team pedormed a study of 
MER operations and the took used by them. A reporl was published on the findings of the study. Several results 
from the study showed areas that needed to be zddmsd. Members of operations teams wanted a more cohesive set 
of software tools. Another key eIement that was missing in the MER ground system was the ability to reuse existing 
s p a w  activity sets that had been expanded to spacecraft c o d .  

Using the study as a set of requirements, the NGUPS team looked at each tool in the set to see if there was 
overlap or r e d d a n q  as well as defining the intafhx among the tools. Then by using an open s o m  runtime and 
development tmkmmt, called Eclipse, and refactoring other legacy tools, they hoped to create a system that 
presented a &gIe environment to the user alLhough in the back@ different tools and collections of components 
operated together to provide the necasaty planning and sequencing data needed by operations teams. hitially, tbey 
started with the MER ground system toots. 

Each software tool in the MER ground system bas specific tasks. The following is the hit of primary tools used 
by MER and their primary function The. names of the actual tools have been changed to more generic functtonal 
rrames. 

1) Activity hmnces and Targets: A vhabatian tool used for science planning and resouroe s u m  
mfbrmation. 

2) Constraint Propagatron: Temporal and State Constrai~ specification and checking 
3) Activity Planning: Scheduling of activities and activity resource modehg 
4) Activity E ~ o d C o ~  Editing: Fhmsing of acthities and expanding them into their co-ds 

and editing of command 
5) Mobility/Arm Sequencing: Driving the rovers and checking the mver arm pbamat and movement. 
6) Sequence Modeling: Modeling the effects of the commands and flight rule checking. 
7 )  Interactive Timeline and Table Editing: In MER this function was coupled with each of the above tools. 

There was no cobboration among the tool mators so that each user interface presented information 
differen@ inc1dmg information that is common to all the tools such as '%me". 

The NGUPS team staRed with this set of tools and is combining than into a workable g d  system. In the 
pfaaning area tbe Ens& team (as was sbled above) based their development on an open source Rich Client 
Platform (RCP) called Eclipse. The science planning tools including the Activity iZemwces and Targets tool and the 
new combined User Interface are fully i n t m  into Eclipse, and they h e  created both sharable components and 
application spedc components. In addition, they use the Eclipse workbench as we11 as creating the user intafaGe in 
the Eclipee Standard Widget Toolkit (SWQ. The othes tools are the l e m  tools and these tools have been 
refacod in such a way that they utilize the Eclipse bridge capability to connect to the science planning tools 
without the need for scripts as was required for MER operations. Except for the Activity E x p m s i o n l C o d  
Ed!ting tool dl of the tools use the User Interface built by the Ames Research Center Contingent of the Ensemble 
Group. 

Figure I shows the new approach and the "plug-in" connections. It is important to note that the plug-ins perform 
a variety of functions. Some of the plug-ins are very simple and only pass data from one tool to another, orher plug- 
ins are more complicated and do a myriad of tasks like start processes, check status, receive and send data, etc. The 
last group of plug-ins is tightly coupled with the Eclipse RCP. The one area that is still uuder development is the 
way to utilize external models in a consistent, non-redundant way. Those amts are shown in the diagram, but 
haven't been addressed in a significant way at this time. They are areas that are still in work. 
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111. Multi Mission Planning and Sequencing Team 
The Mdti Mission Planning and Sequencing (MPS) team creata multi-mission tools that can be used for any 

mission. Generally these tools have been created in such a way that there are two pieces - a multi-mission 
applmtma Mqmdmt piece called "amn and a mission dependem piece called "adajmion". Each project takes 
the "core" tool and ''adaptsn it using the project specific s p x c d  activities, spacecraft commands and flight and 
mission rules. Ahpation on be in the form of utilizing an inmpetive language specrfic to the tool or in code that 
is attached via a user defined library. Many missions at JPL and elsewhere use these tools for their p u n d  system. 

At the same time tbat the N G W  team has been working on tbis MSL specific gnwud system, tbe Mdti hdiSSi0~ 
Flaming and Sequencing Team (MPS) has been worlang to refactor a number d legacy took into more usable 
semias. In p a t i a h  they have been workmg on the Sequencing Modeling tool and the Activity Modeling tool. The 
Activity Modelingtool basbeenrekmedintoaoactivitymodehgseneraodausaiaterfacecli~. In this way 
tbe mAware still had the Wty to use the older uset htmface or to bave ;mother user hkzkx client gttach to it 
Tbe Sequence ModeIing soilmare took a different appwh This s&wm ~ n s  without a user most of tbe 
time. For Sequence Modeling software it was decided to create a web service so that the &ware wadd W and 
attach to the correct version and perform load balancing without user's making these. d e t ~ t i o x ~ s .  In addition, the 
software wuuld create its own configuration £ile drom the iqmt of a user or another sohare elemeot F b d y ,  a 
d a t a b a s e w a s ~ t o ~ s o f f w a r e .  

Figure 2 shows the work that is cumntly being done in tbe Multi Mission area. The relkmmg oftbe Activity 
Modeling software has allowed that dhwm to be able to utilize other User Znterface software. The Sequencing 
Modeling changes aHow &hat soffware to perform more of the behind the scenes aspects deviating drudgery work 
for operations teams. The original capabilities are still available in more conveniently packaged into services. 

As work progressed, the teams started m-@. Much of what the Muhi Msion team was doing was 
needed by MSL. Many of the improvements hpkmmted by the MSL folcused technology teams elements that 
would~Ihe~esoftheMultiMissionteamAproposaltoworkonamulti~onmver~ 
system was made and acoepted. The In-Situ Callattomtion Team was formed. 
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IV. In-Situ Collaboration Team 
The In-Situ Collaboration Team consists of multiple teams. Three of the teams have already been mentioned (the 

NGUPS team, the Ensemble team includmg the Ames Participants & the Multi Mission Planning and Sequencing 
team). In addition, the Phoenix projed ground system bas joined the kun Phoenix (PIK) is a l a m b  that will 
operate on Mars and will be lauded in 2 W .  The m p l e  teams are putling together a ground system tbat wilt 
work for both MSL and PHX as well as for the M d t i  Mission team. 

Figure 3 shows the end result of the collaboration. All the tools wit1 communicate together without scripting and 
there will only be two editors among the five took - the activity timiine and table editor and the C O ~  editor. 
The opemrs will be presented with a single way of representing information in addition, became of the linking of 
the tools through plug-ins and other i-ilberprocess commurrication capabilities, tqumxs of commands will be able 
to be rwsed as is or edited as needed. Tbis last capability is a repurred feature for MSL lo met its schedules md 
so- tbat is highly desiTed by PHX Finally, the ground system is flemile. Any of the software tools can be 
swapped in or out. MSL is not planning on using the Activity Modeler software and PHX is only planning on using 
the Constraint FWqgataon soffware in a very limited way. The Activity Resourmi and Targets software and the 
Interactive Timeline and Table Editing &are have components that can be combined in various ways to meet the 
needs of different projects. 

One of the k t  aspeds to be defined in this mllabomiion has been to identify the work that belongs to & team. 
Figure 4 giva an indication of the types of elements that are the rsponsib'i of the three mllabaratom. list is 
meant to give a general idea of the type of work each team is doing and not meam to be an all encompassing list. 
Each team has set out on its set of tasks. As a progress repan a demonstration of the state of the sohare  was 
presented in October 2005 and was errtremety weU-received. Awther demonsbation of the software will be 
presermted this summer (2006). 
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Figke 3 sbms the combined goond systems being developed by the Wiu la& Tor MSL and PHX. 
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Joint InSitu Project 

MSL Phoenix (PHX) 

Project Specific: - 

Activities I 
Flight Rules 
Mission Rules 
Commands 
Sequences 
Project Models 

Flight Rules 
Mission Rules 
Commands 
Sequences 
Project Models 

I 

Multl-MOssion Planning and Sequencing (MPS) 
Project Independent: 

XML ReadeWritms 
Flight Rule Checking Infrastructure 
Activity Infrastructure & Expansion 
Sequence Infrastructure & Expansion 
Command Handling & Checking 
Resource Checking Infrastructure 
Constraint Propagation Infrastructure 



v. CmclltIion 
Even tboogh Ebt teams are funQd by different orgm&mm 

. . (MSL, PHX aad MPS) aad each team bas a 
ditfaeot lead System EngiDeer, the appmach has been suocessfbl. The socass of the In-Situ CoWmathm Team 
bPSamedmvntotbepIpkimlve4iandtbcirwiltingDesslo~ . t e a n d ~ t o C & a i l l  
tbcsh@e.@dpmdwhga c o o s i a n S o s a b l e g m o n d ~ t h d ~ a ~ o p a a t i o n s t - E a c h a b  
tbeteamalrrmRs~tbe~goeli~dohlnpropdstobeaMeto~boItbegmrmdsystems~tbattbay 
med and pnt those tools into their shopping cart pigs). 

GDS Tool Shopping 

Visualization 


