






FREEDOM 

Engineering Prototype Deve opment 

Program Content Guided by a Series of Focused Studies 

The content of the Advanced Development Program and subsequent Engineering Prototype 
Development activity has been guided by a series of focused studies. These studies Started with 
the report of the Advanced Development Task Force led by Ray Hook in 1988. An outline of issues 
relating to Automation, Data Systems and Telerobotics was projected for Space Station. 

N Subsequent studies built upon and reanirmed a focus on development and prototyping of 
g Automation Technology for subsystem monitoring and problem diagnosis, Data System grovvlh to 

accommodate more sophisticated automation, and use of Telerobotics technology to assist in the 
reduction of required EVA and IVA task time. 
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Engineering Prototype Deve opment 

Approach 

The approach for Engineering Prototype Development is to evaluate technologies for selected flight and 
ground systems via focused studies and subsystem evaluations. An imporCant aspect in deciding on 
focus for the work is developing programmatic relationships with other NASA offices and Government 
agency research and technology development programs. OIten the expertise for understanding the 
approach or application of an advanced system requires teaming of technologists and operations or 
user organizations. Building such teams is an important aspect in assuring effective technology 
transfer. As has been oRen stated, technology transfer is a "body contact sport" requiring close working 
relationships to do it successfully. 

Each application or prototype is unique in the mix of conventional and advanced techniques. It is 
incumbent on the task team to decide on the appropriate mix of these techniques in developing a 
prototype that realislically lakes the Space Sation resource and opratlonal environment inlo 
consideration. As such, transition and implementation issues are addressed early. 

Developing an n developing suecessful 
protowpes and evaluating syaems. Demsnstratlng the prolotyps on high fidelity testbeds and 
performing operational evaluations with technologist, engineering and operations personnel involved is 
innpemtive in evaluating the success or progress of a protowpe development. Bnc%uded in the approach 
Ts documenting pedormance requirements and design a~eornmodalions for technology irnse~ion and 
inapsementation in the SSF baseline systems. 
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Engineering Prototype Deve opmeni 

Products and Benefits 

As a result Engineering Prototype and Development tasks provide high fidelity demonstrations and 
evaluation of candidate applications using advanced technology where appropriate. The SSF 
program is provided with an understanding of requirements, performance specifications and 
design accommodations required for improving the functionality or performance of monitoring and 
diagnostics or operations of a system. In addition, a level of maturity in technology, tools and 
applications can be demonstrated for S F  flight and ground systems so that informed decisions 
can be made in the application of technology on the Program. 
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Tasks evaluated for their potential to 

As with any activity of this nature, there is always more work to do than resources to apply. In 
addition, it is necessary on a periodic basis to evaluate or prioritize new projects which are candidate 
additions. We have developed a set of criteria, along with a process for evaluating and prioritizing the 
work in Engineering Prototype Development. The process involves weighted criteria and subjective 
elements. 
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WBS Structure 

The four areas of Engineering Prototype Development include: 

Flight and Ground Systems which is focused on providing prototype monitoring and diagnostic 
systems. 

SSF Data Systems which focuses on characterizing baseline DMS performance, growth options, and 
evaluation of candidate DMS user interfaces. 

Advanced Software Engineering which is developing tools methodologies to support the design, 
development and maintenance of advanced software applications. 

Telerobotic Systems which is focused on providing hardware and software technologies to improve 
operator-telerobot interfaces and to enhance telerobotic control. 
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Engineering Prototype Deve opment 

Flight and Ground Systems 

Advanced automation applications are being developed to make S F  flight and ground systems 
more reliable. The approach relies heavily on Fault Detection, Isolation and Recovery (FDIR) 
methods and provides a range of support in system-status monitoring, safeing and 
reconfiguration. A mix of conventional and Knowledge-Based System (KBS) techniques is used 
and each application provides a powerlul user interlace to supporl advisovy mode interactions. 
The primary benefits are increasd systems reliability through improved systems monitoring, 
enhanced fault detection and isolation capabilities, and increased productivity for Mission 
Control Center (MCC) personnel and SSF crew members. 

Application prototypes are being developed for selected S F  distributd systems and control 
centers. Intelligent FDIR advisory systems already have been developed and demonstrated in 
support of Shunle flight operations. 
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Engineering Prototype Deve opment 

Data Systems 

The computer and network architectures of the SSF Data Management System (DMS) are being 
analyzed to provide increased performance and reliability and to determine long-range growth 
requirements. Additionally, advanced mission planning and scheduling tools are being developed and 
demonstrated for use onboard, as well as on the ground. 

Advanced DMS architectures are being evaluated with respect to : existing and proposd uni- and 
multiprocessors; network, protocol and connectivity options; and system management software. In 
addition, DMS interface options and computer hardware and software interfaces are being evaluated on 
Shunle flights to resolve user interface problems. 

The development of planning and scheduling systems using Ada-based KBS sollware tools should 
result in improved productivity and reducd somare lifecycle costs. The Computer-aided Planning 
and Scheduling System (COMPASS) interactive scheduling tool, which includes optimization 
techniques is being used to Judge the validity of shorl-term plan event execution. There Is significant 
potential for using COMPAS on a variety of ground- and flight-based resource and event schduling 
applications. 
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