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The reconfigurable spacecraft has been identified as an emerging space system concept that promises a breakthrough advancement in our ability to do more with our space based resources. Morphable spacecraft will facilitate the implementation of adaptable missions that change with user’s needs. By providing flexible and high performance computing resources harmonious with the reconfigurable spacecraft, recofigurable computing creates a revolutionary computing paradigm with many potential benefits to space systems. Reducing the rigid wired interconnection constraints is key to harnessing the full potential of reconfigurable systems. This has steered us towards reconfigurable wireless interconnects. We believe that RF wireless networks of reconfigurable components are required to successfully deploy a morphable spacecraft.
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Wireless Interconnect

Reconfigurable Wireless Interconnects Technology 
We propose the development of reconfigurable wireless interconnects (RWIs) as a replacement for inter-subsystem, inter-board, and inter-chip interconnects. RWIs will abate our reliance on wires enabling the development of the reconfigurable spacecraft. Furthermore, we intend to demonstrate the capabilities of RWI technology via the implementation of a

wirelessly interconnected reconfigurable processor cluster.

Technical Challenges

There are a number of technical challenges to address in this project.

· A wireless communication system must be developed with the following capabilities:

· Dynamic bandwidth allocation, capable of sustained data rates from Kbps to Gbps

· Variable  physical distances between transceivers (less then a meter)

· Overall communication channel Bit Error Rate less than 10-10
· Support for hundreds of interconnected nodes

· No interference with other spacecraft electronics

· Low power consumption

· Small footprint

· Realizable in available integrated circuit medium

· Network protocols for RWI must be developed with the following services:

· Interconnect configuration 

· Power-aware distributed processing and system organization

· Interconnect fault detection and circumvention

· Quality-of-Service channel adaptation

· Processor Synchronization

· Reconfigurable processing node architecture

· A reconfigurable processing node architecture must be defined that strikes a balance with the capabilities of the RWI.

· All of the basic components of a reconfigurable processors must be incorporated into a single self contained entity

Approach

In the past decade significant advancements have been made in wireless technology used in data-communication and telecommunication networks. The integration of radios into a single device and the development of nanocomputer networks have paved the way for RWI. By eliminating wires this technology will revolutionize the way we design, build, and use electronics and gets us closer to a truly reconfigurable satellite.

Data rates approaching many gigabits per second over RF are possible, and power consumption of these systems is decreasing abreast the miniaturization of transceivers. Moreover, BER of less than 10-6 has been demonstrated using RF over hundreds of meters. By employing modern RF modulation and channel multiplexing techniques such as orthogonal frequency division multiplexing (OFDM), Multiple Input, Multiple Output (MIMO) transceiver, code-division multiple access (CDMA), and Ultra Wide Band (UWB), we foresee hosting hundreds of nodes with little interference between channels and other systems.

As a vehicle for the research and development of wireless interconnects, we will develop a reconfigurable processor cluster. The RWI based cluster will link together multiple processing nodes to create a physically and functionally reconfigurable system. Each processing node may contain a space-qualified reconfigurable processor and one or more configurable transceivers. To create a powerful distributed processing engine the required nodes are placed within communications range of one another. Network communication and configuration protocols will be developed to automatically connect the nodes into a cohesive computing engine.

Figure 2 depicts five conceptual systems consisting of four reconfigurable processor nodes.  Systems A and B depict alternative point-to-point communication links between each processing node.  Systems C, D, and E depict alternative physical arrangements of a four node system.  Given existing wired technology each of these would be a distinct physical implementation of a system.  However, with RWI all of these five alternatives are one and the same, and are only a subset of the numerous possibilities.  It is worth noting that automated physical reconfiguration of the system is not within the scope of this project.  However, physical reconfiguration is the focus of on-going research.

Capabilities

Honeywell is a leader in advanced microwave components and reliable radiation hardened IC solutions. With in house expertise in the field of communications, integrated circuits, reconfigurable computing, signal processing, and computer science, Honeywell is well positioned to address the RWI design and development challenges. Honeywell has also worked on reconfigurable computing as part of DARPA’s Adaptive Computing Systems Program on which we developed benchmarks for FPGA based computers. Further, we have developed strong working partnerships with local research institutions. Drs Kenneth K. O and Alan George of the University of Florida bring expertise in the areas of Silicon Microwave Integrated Circuits and High-performance Computing and Simulation respectively. Drs Hüseyin Arslan and Srinivas Katkoori of the University of South Florida are experts in communication systems and design automation with an emphasis on MEMS respectively.
Deliverables

1. Design and validate RWI communication system architecture.

2. Design and validate the node architecture for the first generation reconfigurable processing cluster.

3. Define a development roadmap leading up to the flight validation of the developed technology 

4. System demonstration that will focus on system architecture rather than performance and leverages existing Honeywell reconfigurable technology.

5. An assessment of the performance and defensive impact to DoD missions by employing such a system.
Benefits 

RWI will have a profound effect on the design of future spacecraft systems. Eliminating the need for backplanes, cables, and wires connecting the spacecraft electronics creates the opportunity to revolutionize the design of the spacecraft bus. Physical transformations of antenna arrays, processors, and just about all spacecraft subsystem will be facilitated. Functional transformations, such as activating redundant spare units, will be easier and require less system overhead.  In combination, functional and physical transformations will allow the overall spacecraft mission transformation. A common system (board or box) could be used for numerous entirely distinct applications. One can envision a new spacecraft bus architecture where electronics in orbit can be quickly and easily interchanged increasing the life span of the satellite and transform the mission as circumstances warrant. RWI will remove the limitations associated with wired interconnects as we advance into the era of the reconfigurable spacecraft.

Program

We anticipate this project will span six months.  Honeywell intends to staff the project with 3 full time staff members.  We also foresee collaboration with the Universities of South Florida and Florida.  Matching funds are expected from the University of South Florida under the I4 Technical Corridor. We propose negotiation of milestones and corresponding deliverables.  A final report will be delivered documenting the results of the project.

· Period of performance: 6 months

· Rough Order of Magnitude Price Estimate: $500K, based upon a cost plus fixed fee contract arrangement







































































































Figure 1 
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Figure 2 Alternative system interconnects and physical configurations
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