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The PIP II project was to create a standard database interchange system.  To implement this it was decided to use XML as the format to better achieve this.  By using XML it would create the ability to use multiple system formats through translations.  This would enable the system to use one standard format that could then easily get translated to the various ground system, simulator, and web formats the system would need.  It would also allow for the system to have a more descriptive database in raw form as apposed to the former ASCII delimited files that were quite difficult to read.  By using XML, the system would have the capability to implement real-time validation of that data, both in correct XML format, as well as in the correct format defined in the system.  This not only allows for fewer errors, but also allows the users to see the errors and fix them before the database even goes into the data repository.  By using XML, users can use a web-based interface that will enable the system to implement real-time viewing, modifying, and updating of the most current database in the repository.


My roles and responsibilities in this project were not only in the design and implementation of the system, but they also merged over into more of a systems engineering role.  One major part of the database design is the defining of the Interface Control Document.  This document defines the elements, their structure, and limitations that are an acceptable format for data in the repository.  About half way through the project I took on the tasks of the Common Command and Telemetry/Integrated Science Instrument Module Ground Support System (CCTS-IGSS) Database Development Integration Lead.  I became an active member of the Project Reference Database Working Group (PRD) as the liaison between the Space Telescope Science Institute (STScI) and Goddard Space Flight Center.  As a member of this group I was tasked with being an active participant in developing the requirement and design for the Project Reference Database (PRD).  I also contributed to defining the requirements and design of the Project Reference Database Management System (PRDMS), the system that would be used to manipulate and use the PRD.


An important reason to use XML was because of how many formats the system would have to support.  Having a standard language as the central database format that could then be translated into multiple formats, would not only save money, but also time.   Not only are there multiple formats that need to be supported, but the data also needs to be easily accessible from 24 local labs (primary contractor, science instruments, etc).


In order to better understand the project, it is worthwhile to have a brief overview of the XML language and it’s compatibilities.  Although XML has numerous features, I will focus on some of the ones that were most important to our system.  The first component is XML’s use of schemas.  Schemas are documents that govern the format and limitations on the data.  Once these schemas are defined, real-time validation can be performed.  First the schemas check for well formedness in the XML language.  Once it is determined it is in the correct XML format, it validates that it is in the format the schema defines.  This ensures that all the elements needed are present, it is in the correct structure and order, each element is present the correct number of times, and the data present is the correct type (integer, string, etc).  This validation allows for format checking at the user level, to ensure the data is correct before it is even propagated to the repository.  In the past systems you wouldn’t find out about the errors until you tried to run the database with the ground system, and then you would physically have to go to the documentation, see what the error was, and inform the data owner of the need to fix the error.


Another important aspect of XML is its capability to transform into multiple formats through various stylesheets.  Stylesheets work with the XML document in formatting it into various forms, such as HTML code, ASCII text, etc.  It does this by navigating to the correct data element in the XML document through XPATH.  Then it can output two types of text.  Either literal text, which can represent HTML code or any other text, or the XML element value, which outputs the actual value for that elemental data.  This could allow you to do such things as creating HTML tables around your data, make comma-delimited files, or create a format that can be ingested by various relational database products.


In order to further manipulate the data in XML documents you can use the Document Object Model (DOM).  This allows for various applications and scripts to incorporate your XML documents into their interface.  This allows for your data to be manipulated in more robust ways than stylesheets will allow for.  Many high level languages have embraced this interface and have created various standards to allow for DOM use within their own language.  Java would be one example of this, in their creation of JDOM.


The reason it was decided to use XML are many, but there are specific functions that make it the best format choice.  It is a structured format that allows for an easy view and hierarchy of data, with self-defined tags that allow for easy viewing.  It is also extensible, which allows for the data to be more focused on content than presentation, and allows for the format to be easily extended in the future without affecting much.  It is also open, which gives makes for a very versatile system in that the data can be easily stored in non-proprietary formats and accessed through platform independent systems.  Because XML is an international standard, it has allowed us access to various general tools, which in turn allows us to perform more high-level development instead of developing the tools to manipulate the format.  All of these characteristics of the XML format made it the best candidate to represent the James Webb Space Telescope (JWST) data.


One of the major tasks involved was defining the format, content, and structure of the XML in the Interface Control Document (ICD).  This has been an evolutionary problem that has been going on now for about a year.  It started with me working with STScI on creating an XML formatted document based on our baseline database structure derived from the Earth Observing System (EOS) database.  Once we had our first look at an XML formatted database we met with our primary contractor and compared our current ICD with their current data format document.  In a very detailed analysis between both formats changes were made based on the needs of primary contractors data.  In doing this analysis we were able to make changes to our format that otherwise wouldn’t have been determined until later in our development, when it might create too many ripple effects in the system.  After completion of the “summit” at the prime contractor we performed a similar analysis with our ground system contractor with their data format document and made modifications as we saw fit.  In doing this early with the two main consumers of data it allowed our system to get most of the bugs out from the beginning, therefore allowing us to ensure a low level of volatility in our XML format.  We don’t foresee as big of modifications to the ICD as we integrate the other smaller consumers of data, such as the science instruments or the simulators.  In October the IGSS team, which I am an active member of delivered the ICD build 1 to the primary contractor, along with the latest flight software release in that ICD format.  This was the first main delivery of the IGSS team, and was the culmination of months and months of hard work and collaboration with our various contractors.


Another important systems engineering task that I was slated to work with the working group and the IGSS group to solve was the integration of various external systems process with the central PRD processes.  This might seem like an easy task, but with the various contracts having very well defined systems that work in very detailed ways, it was important to ensure that our system could integrate well with theirs in regards to all data transfers.  At the primary contract summit it was negotiated and agreed upon that the primary contractor would send us their most current database at scheduled intervals in the defined PRD ICD format, along with the version description document (VDD) that would outline any of the changed that had been made since the last update.  In doing this, the IGSS group ensured that the data that would then be queried back to the primary contractor from the PRD would not contain any differences in their data domain.  We are currently coming to a similar agreement with the ground system contractor and creating various stylesheets to ensure the correct translation into their ingested format.


Upon the successful completion of the ICD development as well as integration of various consumers’ system process’ I started development of the PRDMS.  The functionality that is expected from the PRDMS includes PRD browsing, editing, validation, bulk PRD loads of up to 100,000 items, administration functionality, versioning capability, change request integration, as well as cross-referencing tools.  In a start to understand the feasibility of developing this system I performed a COTS study on the various XML tools available by industry, and it was determined that the TIBCO and XMLSpy suites were the best products available in industry.  This study is now being further evaluated by myself at STScI as I am now working as a full-time member of the STScI PRDMS development group and work 4 days a week at STScI in Baltimore, MD.  I am tasked to choose and further develop the Data Interchange System of the PRDMS, which is scheduled for completion in mid-July of 2004.  


As a side project during my PIP II tour, I was asked to help code 561 in developing Labview test software to complete Technology Readiness Level 4 (TRL 4) on Spacewire, the electrical bus and routing system of JWST.  I reviewed the Spacewire specification and requirements and developed a software interface that successfully ran 20 different tests on the Spacewire interface.  Upon completion of the software tool, the testing was completed at a much quicker rate than had previously been anticipated and in the summer of 2003, TRL 4 was successfully completed.  By being involved with the hardware involved in JWST, this truly gave me a more broad view of the scope of the entire JWST mission.


During the PIP II project I completed various training, attended various conferences, and was a member of various working groups.  I completed 40 hours of training while successfully taking the Space Systems I class.  This class focused on various detailed aspects of space systems and allowed for me to have more robust understanding of space system all together.  In December of 2002 I attended the weeklong XML conference in Baltimore, MD.  I also successfully presented a poster session on “Mission Database and Ground System Design for High Scalability and Longevity” at the Symposium for Reducing the Cost of Spacecraft Ground Systems and Operations in Pasadena, CA.  I will also be presenting a paper at the IEEE Aerospace conference on “XML – James Webb Space Telescope Database – Issues, Lessons, and Status” in Big Sky, MT.  During the past 6 months, I have, and will continue to be an active member of the Goddard section of the NASA XML Working Group.


The PIP II project was an amazing experience in allowing me to grow professionally.  It not only allowed me to grow technically, but also to allow my superiors to trust me in a systems engineering position that dealt with higher level design and requirement definition tasks.  It allowed me to work hand in hand with various contracts and groups working on JWST and ultimately lead me to a level of experience that will enable me to continue growing and learning in my career.  I am currently working on developing the PRDMS at STScI, and will continue to work on that initiative until next July.  I look forward to completing this work and continuing the work on the JWST mission.
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