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	Task Description: 

	● Task Abstract/Description:
The goal of the research project is to examine NASA flight controllers’ use of Mission Control Center (MCC) communications technologies during training and evaluation simulations of Space Station (ISS) and Space Shuttle (STS) flight tasks. The current technology system is based on incremental upgrades of the communications systems developed for controlling short-duration space flights from the Mercury, Gemini, and Apollo eras. However, the evolution to continuous human presence in space and the distributed control of multiple space vehicles (including some vehicles and crews on extended missions at great distances from Earth) require substantially enhanced technology capabilities and new information architectures to improve the safety, reliability, and mission effectiveness of human exploration and development of space (HEDS). The first step in this evolution is to examine the current use of existing information and communication technologies in the Mission Control environment, including the unprecedented task of coordinating information both within and between ISS and STS control rooms. Current use is being evaluated through analysis of audio recordings of controller communications during mission simulations, and post-simulation ratings of simulation complexity and achievement of objectives. The project focuses on the issues of information flow between flight controllers in the STS MCC and the ISS MCC, associated with changes in task demands and activity cycles during different phases of flight. 

● Task Progress:
In November, 2000, the PI moved from the University of Wisconsin-Madison (UW) to Purdue University. One graduate student working on this project (Enlie Wang) also moved with the PI, beginning in January, 2001. Research on the grant continued through the 2000-2001 academic year, incorporating changes in research design and incorporation of new simulated mission segments corresponding to the continuous inhabitation of the International Space Station (ISS). During Summer 2001, the PI and a new graduate student (Sandra Garrett) spent ten weeks at JSC working with the Mission Operations Directorate (Advanced Projects Division, DV3) examining technology development issues for future MCC upgrades. 

Data collection was completed in August, 2001, with approximately 48 mission segments obtained. Analog tape recordings of DVIS loops are being transferred in a synchronized format to CDs, using a commercially available audio file editing software package (Acid Pro). Data analysis using signal processing techniques is planned, using the MathCad 2000 Professional software package. 

● Research impact on American/Earth Benefits:
It is expected that the results of this research project will be used to improve the design of the Mission Control Center technology systems to enhance controller performance and success in space operations. As a result, participants may see a direct benefit through participation in an improvement of their work environment. The primary benefits of the research project are, of course, improvements in the design and implementation of MCC technologies to support the goals of NASA’s Human Exploration and Development of Space (HEDS) initiatives. The benefits to society will therefore be the enhanced safety, reliability, and effectiveness of the nation’s HEDS programs, including ISS operations and proposed missions to lunar, Martian, or other destinations. Of course, achievement of these benefits also relates directly to benefits to the individuals through increased job security, recognition, and public support of their efforts as flight controllers for the nation’s space program. 
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		● Task Abstract/Description:
The goal of the research project is to examine NASA flight controllers’ use of Mission Control Center (MCC) communications technologies during training and evaluation simulations of Space Station (ISS) and Space Shuttle (STS) flight tasks. The current technology system is based on incremental upgrades of the communications systems developed for controlling short-duration space flights from the Mercury, Gemini, and Apollo eras. However, the evolution to continuous human presence in space and the distributed control of multiple space vehicles (including some vehicles and crews on extended missions at great distances from Earth) require substantially enhanced technology capabilities and new information architectures to improve the safety, reliability, and mission effectiveness of human exploration and development of space (HEDS). The first step in this evolution is to examine the current use of existing information and communication technologies in the Mission Control environment, including the unprecedented task of coordinating information both within and between ISS and STS control rooms. Current use is being evaluated through analysis of audio recordings of controller communications during mission simulations, and post-simulation ratings of simulation complexity and achievement of objectives. The project focuses on the issues of information flow between flight controllers in the STS MCC and the ISS MCC, associated with changes in task demands and activity cycles during different phases of flight. 


	● Task Progress:
Progress on the grant was facilitated by the completion of Mission Control voice channel (DVIS) data collection as of August, 2001, and completion of Human Subjects IRB approval in October, indicating completion of data collection. DVIS collection was originally established in analog cassette format in 1998, due to high cost and limited availability of digital recording technology at that time. Archiving and analysis of DVIS data was hampered by significant (10-15%) error rates in recording voice channels to cassette tapes, including unexpected changes in channel usage, missing tapes, instabilities in tape transport, and loss of IRIG timing signals. Archiving process indicates that analog cassette recording is not a viable option for mass archiving, analysis, access, and retrieval of DVIS data. Digital audio tape, or particularly DVD-RW, technologies are feasible options for future integration of multiple DVIS voice channels in an integrated, synchronized, accessible format. The material handling and manual reconfiguration elements of data archiving (regardless of specific recording medium) represent critical functions of Mission Control operations; reduction of staffing for relevant support groups (“Houston Voice”) would be a counterproductive effort in the push to improve availability and reliability of access to voice archives for training, problem solving, and flight rule updating tasks. 

Analysis of DVIS recordings has proceeded using two innovations developed as part of this grant. Individual DVIS channels have been synchronized and integrated in ?segment? format using COTS software (Acid Pro 3.0) to provide a clear visualization of patterns of DVIS channel usage, both across DVIS loops and over time. Advantages associated with Acid Pro visualization include simultaneous playback (with selective muting) of multiple channels to indicate progression of problem solving communications between control consoles, and time-based (rather than simply loop-based) random access or tagged referencing of voice communication events. 

The second innovation involves using communications engineering principles to evaluate DVIS channel usage based on ?burst rate? and ?duty cycle? analysis techniques. The Flight Director loop (?Flight?) clearly has the highest channel usage, at a duty cycle calculation of approximately .335 (roughly one-third of simulation activity). Of the channels evaluated in this project, Electrical systems ("EGIL") is the only other DVIS channel with a duty cycle over 10% (.146). Ground control coordination (?GC?) and Mission Control-crew (?A/G?) usage rates are roughly equivalent at .078, representing a transitional stage between burst rate and duty cycle usage models. These relatively low usage rates in clearly essential channels indicate that a strict numerical analysis of DVIS channel usage rates is not sufficient to determine relevance or priority for streamlining DVIS utilization. 

Survey-based Simulation Objective Achievement Ratings forms (SOARs) were obtained in coordination with DVIS data across four STS missions plus ISS on-board operations. Over 150 SOAR forms from 2000 and 2001 have been processed from over 40 mission simulations. Preliminary SOAR analysis indicates relatively little variation in cognitive workload estimates over time, across STS mission, or STS phase of flight. However, more detailed analyses seem to indicate increases in cognitive workload for ISS on-orbit operations (both from STS and ISS Flight Control Teams) due to the relatively lower level of operational experience and limited base of completed and tested flight procedures. 

Approximately 30% of available DVIS analog cassette tapes had been transferred to CD-RW format at the University of Wisconsin prior to staff suspension in March, 2002. TELEX 155 (?Green Machine?) and cassettes have been transferred to Purdue University for continued archiving, analysis, and retention. Activity has continued through (and past) the project completion date, due to the critical knowledge development insights revealed by DVIS channel processing. (Work activity has been continuing using NASA Space Grant and non-NASA funds for student and consumables support.) Due to the unique archival and historical value of the DVIS CDs, it is anticipated that a formal request will be made to retain these processed archives after destruction of the original analog cassette data, for historical preservation and eventual submission to a museum repository (such as the National Air and Space Museum). 


	● Earth Benefits:
It is expected that the results of this research project will be used to improve the design of the Mission Control Center technology systems to enhance controller performance and success in space operations. As a result, participants may see a direct benefit through participation in an improvement of their work environment. The primary benefits of the research project are, of course, improvements in the design and implementation of MCC technologies to support the goals of NASA’s Human Exploration and Development of Space (HEDS) initiatives. The benefits to society will therefore be the enhanced safety, reliability, and effectiveness of the nation’s HEDS programs, including ISS operations and proposed missions to lunar, Martian, or other destinations. Of course, achievement of these benefits also relates directly to benefits to the individuals through increased job security, recognition, and public support of their efforts as flight controllers for the nation’s space program. 
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Human collaboration in distributed knowledge sharing groups depends on the functionality of information and communication technologies (ICT) to support performance. Since many of these dynamic environments are constrained by time limits, knowledge must be shared efficiently by adapting the level of information detail to the specific situation. This paper focuses on the process of knowledge and context sharing with and without mediation by ICT, as well as issues to be resolved when determining appropriate ICT channels. Both technology-rich and non-technology examples are discussed. 
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Capturing and utilizing previously generated knowledge is crucial to an organization’s development and responsiveness in a dynamic environment. Even so, the creation of a reference source from operational knowledge is affected by situational contexts, events, and organizational constraints. The organizational operations to reference cycle within NASA’s Mission Control Center can be examined by the approval process of Flight Rule Change Requests (FRCRs). The FRCR process is intended to document knowledge capture and synchronization tasks associated with space flight missions. External pacing exists due to the operational demands of the launch schedule; procedures are not written or modified without direct relation to operational experience or mission requirements. Preliminary analysis illustrates that, although the FRCR approval process has a cyclic nature with a natural frequency of about one month, launches act as critical forcing functions since procedural knowledge and controller expertise must be synchronized before each mission. 
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